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Analysing Load Demand in Households 
 
Juozas Abaravicius, Jurek Pyrko, Kerstin Sernhed 
 
Lund University, Department of Energy Sciences 
 
 
Abstract  
The importance of load demand variation, when analysing energy and environmental impact of 
residential energy use, is increasing. Load demand in residential houses is a significant contributor to 
peak load problems experienced by utilities. The knowledge about demand variation in households is 
limited as well as the use of methodologies to analyse the demand is. Many utilities have recently 
installed interval (hourly) metering at their residential customers. The availability of this data is a big 
step forward, however, our experience show that the utilities use this data only to a limited extent, 
mostly for billing purposes only. This study aims to discuss the ways and benefits of using this 
valuable end-use data. 
There are several established load analysis tools, such as load curve, typical load curve, load 
duration curve, load factor, superposition factor, etc., which utilities could apply and develop. Among 
other benefits, the hourly load data analysis can provide the detailed characteristics of load demand in 
households, define the consumption patterns and can help to identify the main contributors to the 
utility peaks. This information is essential when developing new energy services, appropriate pricing, 
load management strategies and demand response programs.  
This paper analyses strengths and weaknesses of different analysis tools, the knowledge they could 
give, how applicable they are and what value they could have for the utility and the customer. The 
study is exemplified with ten “real world” cases in Southern Sweden, where the households with 
electric space heating and hot water systems are analysed. 
 
 
Load demand in residential sector  
 
Normally, when analyzing load demand questions, bigger industrial electricity users are in focus. 
However, the fact is that the residential, commercial and services sector accounts for half of the total 
electricity consumption in Sweden [1]. Electric space heating currently accounts for just over 30% of 
the total electricity consumption in the sector. Approximately 104TWh of heat was used in 2003 to 
heat homes and premises, of which district heat accounted for 45TWh and electric heating for 21 TWh 
[1]. High electric load demand variations occur in winter season together with temperature variation. 
Due to outdoor temperature drop, load demand in Sweden increases by 350…400 MW for each ºC of 
temperature drop [2]. Load demand in the residential sector varies significantly in the course of a day 
and normally has morning and evening peaks. 
Detached residential houses in Sweden form a large part of residential buildings stock. The 
dominating energy source for heating and domestic hot water for these houses is electricity.  
Furthermore, the increased number and variety of household equipment also cause risks for load 
shortages if used simultaneously. Even in the households with other heating and hot water systems 
(district heating or natural gas), hourly load demand reaches very high values. Most energy experts 
agree that the residential sector should be seriously considered when approaching peak demand 
problems and ensuring a well functioning electricity market. Additionally to the solution of peak load 
problems, the better information on energy use in households is one of the drivers for implementing 
the efficiency measures. 
The existing knowledge about demand variation in households is limited. Many utilities have recently 
installed interval (hourly) metering at their residential customers. Others are considering implementing 
it in near future. The availability of hourly electricity use data is a big step forward, however, the use of 
various tools to analyse the demand is limited. The utilities use collected data mostly for billing 
purposes. 
The objective of this paper is to discuss the ways and benefits of using this valuable end-use data as 
well as to overview and apply several existing load demand analysis tools in “real world” cases, where 
the primary purpose is the creation of strategies to solve peak demand problems.  
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The paper is structured in following way: 
• Overview and discussion on available residential demand data 
• Definition and overview of several existing load analysis methods, discussion of their pros and 

cons from both utility and customer perspective. 
• Exemplification with the associated utility case and ten pilot households. 
 
Hourly metering  
 
The Swedish electricity market was re-regulated in 1996. However, if private customers wanted to 
change their supplier they were forced to invest in a new electricity meter with hourly metering. The 
cost of such a device was typically around 900EUR. Very few customers changed their supplier at this 
stage [3]. The requirement for hourly metering was abolished in 1999. It was replaced by a profile-
settlement, meaning that 305 different consumption patterns are applied when estimating the 
electricity consumption within a specific period of time. Each pattern is valid for all customers within a 
specific geographical area [4]. 
The major advantage of new profile-settlement was that the electricity consumers with smaller 
consumption (residential) were able to switch electricity supplier and directly benefit from the new 
electricity prices without having to considering earlier needed investments in the metering system. 
One major disadvantage was that the connection between real physical electricity use and charged 
customer electricity cost in high-peak periods has vanished [4]. 
There is a number of suppliers of new metering systems promoting their products. With the latest 
technical development of automated meter reading (AMR) systems the residential customer becomes 
more visible. Hourly data is available now both for the customer and the utility. New modern meters 
allow even more detailed statistics, down to 15, 5 or even 1 minutes. This opens new possibilities for 
customer-supplier dialogue and the development of new energy services. This is a new possibility but 
at the same time a new challenge, requiring reconsiderations of long term customer – utility relations. 
In the present market conditions keeping the customer becomes the major task for a utility. The 
presence of modern metering and communication system could be seen as a competitive advantage 
influencing customer choice.  
As one of the examples could be given our associated utility Skånska Energi AB in southern Sweden.  
Advanced metering system “CustCom” is installed to all Skånska’s customers. The system is able to 
provide automatic hourly measurements, as well as electricity control and information services. At the 
moment it is used only for measurements and billing purposes. Hourly use data is available for each 
customer via internet. The hourly data is available in forms of tables and load curves during a 
specified period. 
However, the question remains if the customers need this information. Several interviews with 
customers show that the online statistics was not used actively. The surveys performed in 1999 and 
2001 stated that less than 40% of the customers had used the electricity statistics service. The 
majority of the users stated that they had a need of electricity statistics, but only few were willing to 
pay for such service [3].  
For the research purposes in years 2003-2004 the data for total and partial loads in 10 pilot houses 
within the utility service area was collected. It was further analysed and used in designing the 
strategies for load control experiments. The results proved that the use of measurements and data 
analysis is a major prerequisite to create appropriate solutions for peak load problems experienced by 
the utility [6]. In the analysed case the peak load problem experienced by the utility was the exceeded 
subscribed load level, resulting in financial losses.  
 
Describing, analyzing and comparing load data 
 
There are several established load analysis tools, such as load curve, typical load curve, load 
duration curve, load factor, superposition factor, etc.  These would be covered in this paper. The pros 
and cons discussion focuses on following points: 

• What information and knowledge the tool can give for the utility and customer? 
• How applicable the tool is? 
• Could it have reasonable social impact for the customer? 

 
Load curve and load duration curve 
Load curve illustrates variation of load demand during a specific period.  
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Load curve can be converted into a load duration curve showing duration of a particular load demand. 
A graphical explanation of load curve and load duration curve is given in Figure 1. 
 

 
Figure 1:  Load curve and load duration curve [2] 

Figure 2 shows examples of the load curve (kW) and load duration curve for one selected household 
in Southern Sweden (period: April 1, 2003 – Feb 15, 2004). 

 
Figure 2: Load curve and load duration curve examples for one household in Southern 
Sweden 
 
Load curve is a good visual representation of electricity use in household and its variation in time.  It 
could be considered as “user friendly” way to explain the customer peak load phenomenon and can 
be an incentive for the customer to look what’s beyond these needle peaks in the consumption. 
Therefore this method should be an attractive one for the customer (expected to have some sort of 
social impact) and convenient for the utility. However, to be realistic, one should keep in mind the 
question when and why would customer care to look at his load demand. Three moments could be 
emphasized:  
1. Customer is interested to see the existing pattern 
2. Customer is interested to see the pattern when some measures (energy/load saving etc.) 

have been implemented in the household 
3. Customer has a direct incentive to care about load pattern when, for exp. having a tariff with 

load demand component. 
 
Load duration curve would not be so clear for the customer, and will need a deeper explanation and 
some knowledge on electricity system and market issues. For the utility, on the other hand, it is 
essential information about customer’s load demand, especially looking at the longer perspective (full 
year or season). 
A significant benefit given by the duration curve for the utility is that it directly shows the number of 
hours when the demand exceeds a certain load demand level, level when there’s a greatest need for 
load control actions. 
A conclusion could be that load curve is more useful tool for the customer, while duration curve is 
more useful for the utility.  
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Load factor and exploitation time  
Load Factor 
Load factor is simply the ratio of the average load during a specific period of time to the maximum 
load occurring during that period, as given in equation (1): 

max

 FactorLoad
Load

Loadaverage=  
 
(1) 

The load factor is used to demonstrate variations of the household’s load demand.  This factor can 
range between 0 and 1, where a value of 1 would indicate that the household load curve was 
completely flat and no peaks where present.  From the supplier point of view, it is preferable to 
remove peaks and flatten out the load curve, which corresponds to a load factor increase. 

Exploitation Time  

The exploitation time also indicates about the shape of the customer’s load demand curve.  The time, 
calculated in hours, represents the required duration of maximum (peak) load needed to correspond 
to the total actual electricity usage during the same period, which can be represented by the equation 
(2).  A high exploitation time relates to an even load demand – a preferable situation for the utility [5]. 

max

nConsumptioy Electricit(h) Timeon Exploitati
Load

=  
 
(2) 

Table 1 shows an example of load factor and the exploitation time for 10 households in southern 
Sweden calculated for period April 1, 2003 – Feb 15, 2004.  

Table 1: Load factors and Exploitation time examples for 10 analysed households [6] 

Household 
Total 
consumption 

Average 
load 

Load 
Factor 

Exploitation 
time 

 kWh kWh/h  h 
H1 16906 2,19 0,17 1339 
H2 21910 2,84 0,24 1877 
H3 16525 2,14 0,23 1798 
H4 17506 2,27 0,22 1683 
H5 18695 2,43 0,22 1698 
H6 13405 1,74 0,28 2128 
H7 12757 1,66 0,29 2254 
H8 13966 1,81 0,27 2060 
H9 11874 1,54 0,23 1770 
H10 15422 2,00 0,22 1719 

 
The example shows that H6, H7, H8 have the highest load factors and highest exploitation times 
among analysed households. From the load demand point of view, these customers could be seen as 
the most favourable for the utility. On the other hand, these households (together with H9) also have 
lowest total electricity consumption, and average load demands, what, in turn, decreases their 
significance for the total demand conditions of the utility. 
Load factor is a good measure both for utility and customer. It is easy to understand for a customer. 
However, the major shortcoming of the load factor is that it does not represent the magnitude of the 
consumption, i.e. the value of the highest load and average loads. For the utility, by looking at just 
load factor value, it is difficult to judge the load reduction potential for the specific customer and how 
would it influence total utility load. 
It also should be mentioned that load factor can be used as a parameter when designing new 
electricity tariffs. 
Exploitation time has more value for the utility than the customer as is more complex parameter than 
load factor and would not provide meaningful information for the customer. 
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Superposition factor 
Superposition describes one specific customer's influence on a total utility load curve or, in other 
words, the contribution of partial load to the total load. Superposition factor is the ratio between the 
partial load demand during the total peak and the maximum partial load during the time period being 
considered as expressed in Figure 3 and equation (3).  
SF = ∆P

max/pmax
 (3) 

where: 

∆P
max

 = increase of total load peak value due to partial load p, 

p
max

 =  partial load maximum value 

 

 
Figure 3: Superposition and superposition factor [2] 

The range of values that this factor can take is between 0 and 1, where a value of 1 would indicate, 
that the peak of the partial load coincided with the peak of total load.  
Table 2 shows results of a superposition factor analysis performed for 10 households in order to 
observe which of them are mostly contributing to the utility peaks. The utility’s ten highest hourly 
peaks within the analysed period were selected and the superposition factors for the households were 
calculated. The results indicate that households H10, H4, H5, H6, H8 were contributing the most to 
the selected utility peaks (SF ≈ 1,0). What superposition factor doesn’t tell is how big the partial load 
demand is that contributes to the maximum load of the system. 
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Table 2: Superposition factor for 10 analysed households 

 
Superposition factor is, of course, more “utility oriented” tool. This factor could be the major decision 
driver to select the customers for participation in DR programs. The factor exactly tells which 
customers should be addressed first and where the load management activities would actually give 
the desired results. Having this knowledge, for example, the utility could approach the specific 
customer, or group of similar customers with the special proposals for DR actions (tariffs, load control 
programs, etc.). 
 
Typical load curves  
This analysis could be performed in order to define the daily load pattern for the analysed households. 
This kind of analysis helps to see the load variation every hour of the day during the analyzed period 
(week, month, year, etc.). Figure 4 shows the daily load curve of one household for the winter period. 
The average and maximum hourly load as well as standard deviation is shown.  
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Figure 4: Daily load curve for winter season 

10 utility peaks                         

date kWh/h 
Out. 
Temp.,°C H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 

2004-01-22 
08:00 80387 -15 0,81 0,95 0,81 1,00 1,00 0,65 0,66 0,91 0,81 1,00 
2004-01-22 
18:00 76400 -9 0,78 0,79 0,89 1,00 0,59 0,70 0,82 0,78 0,89 0,80 
2004-01-21 
19:00 74019 -8,1 0,69 0,66 0,92 1,00 0,75 0,56 0,74 0,88 0,70 0,73 
2004-01-21 
08:00 73773 -9,8 0,78 0,86 0,76 0,83 0,99 0,55 0,59 0,86 0,57 0,95 
2004-01-26 
18:00 72202 -3 0,75 1,00 0,90 0,95 0,81 0,68 0,78 1,00 0,60 0,60 
2004-01-27 
18:00 71429 -4,3 0,66 0,92 0,82 0,81 0,76 0,64 0,94 1,00 0,56 0,93 
2004-01-05 
18:00 71128 -7,4 0,81 0,91 0,83 0,59 0,97 1,00 0,85 0,79 0,68 0,93 
2004-01-23 
08:00 70934 -3 0,88 0,86 0,81 0,86 0,82 0,66 0,55 0,68 0,55 1,00 
2004-02-12 
08:00 70614 -4,3 0,31 0,80 0,73 0,87 1,00 0,72 0,79 0,53 0,65 1,00 
2004-01-02 
18:00 69494 -3,9 0,74 0,89 1,00 0,92 0,59 1,00 0,86 0,97 0,71 1,00 
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This method is useful both for customer and utility. It is a good graphical representation and clear 
picture of household-specific energy use and daily consumption pattern, well showing the energy 
related behaviour in the household. 
This method provides valuable information for a utility for designing demand response strategies and 
new value-added energy services. 
 
Extra metering of partial loads 
The knowledge about composition of the load peaks is sometimes essential and rewarding, but extra 
metering is necessary for this reason. Remote metering systems provide often possibilities to 
measure both total hourly data and also the partial ones.  
In our case studies two extra meters were installed to measure the load demand for space heating 
and for water heaters in the analysed households. It is always possible in houses with direct resistive 
electric heating as the heating system is completely separated from hot water preparation system. 
The situation is different in the houses with waterborne heating systems, where the possibility to 
measure separate heating and hot water loads is dependent on whether the space heating boiler and 
hot water boiler are separated (households H1 and H3) or integrated (households H2 and H4), i.e. 
when power is supplied to one common heating element.  
 
What’s beyond the peaks? 
Figure 5 provides the overview of the average of 10 highest peaks of every household and the peaks’ 
composition. The available metering of partial loads allows insight into the origin of the peaks, i.e. 
whether it is climate dependent or behavior dependent peak. The composition is presented in two 
ways – in kW, in order to see the peak value and as a share of the load demand. 
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Figure 5: Ten highest peaks at the analyzed households 

This information has primarily the value for the customer as they could directly see what kinds of end-
uses consume most energy. This kind of information could be treated as a specific utility service. It 
should be mentioned, nevertheless, that the method might be costly as requires installation of extra 
meters.  
The utility also benefits from this data as it provides a good grounds and information to develop value-
added energy services, as promotion of specific appliances, installation of storage and load control 
equipment, etc.  
A very interesting and, in a way, unexpected result in Figure 5 is the electricity demand for household 
needs. The Figure shows that it could be even as high as 60% of the total demand during some 
periods. Furthermore, these periods are during winter season when one would normally expect the 
heating demand to take the highest share. The important conclusion therefore is that not only the 
climate (outdoor temperature), but the behavior related electricity use could be a serious cause of 
load problems.  
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Heating load 
The measured heating load could be analysed using the previously mentioned tools – load curve, 
duration curve, and typical load curve. Additionally, the measurements provide the possibilities to 
clearly estimate its correlation to outdoor temperature ( ( )outheating tfP = ). 

The measured data could be extended to various outdoor temperatures using regression analysis. 
This is a good tool for a utility to predict the demand related to temperature variation, as well as to 
estimate the expected load savings by controlling (turning off or partial decreasing) load for heating in 
load management programs. Heating systems are normally the primary subject for load 
management/control programs as they have highest load demands and could be externally controlled 
with least negative consequences for a customer.  
An idea for consideration is whether separate measurement of heating load could create a possibility 
to charge it separately. Different contracts for heat supply in this case could be developed. 
Consequently it could stimulate for instance the investment in heat storage technologies, system 
automation, load control technologies, etc. 
 
Hot water load 
Hot water use has a tendency to increase during morning and evening hours in most households and 
thus contribute to the total load peaks. Similar conclusion could also be drawn from the analysis of 
probability that hot water boiler is on full power, presented in Figure 6. 
An important question, when analysing load demand for hot water, is when the hot water boilers are 
on full power. Having this knowledge it is easier to create load management strategies, as it gives a 
suggestion when to control the units in order to get a maximum load savings. Using the daily load 
curve and the hourly data, the following methodology for finding the probability if the hot water boiler 
is on full power was developed for our case studies: 
It is assumed that boiler is on full power if it’s hourly load exceeds 2,5 kWh/h (except for household 
H7 , where a load value is assumed to be 1,5kWh/h). Every hour of the day through the investigated 
period is analyzed. Number of hours when the load reached this value is divided by the total number 
of recorded hours. 
The result for one of the households (H5) is given in Figure 6. Values on Y axis show the probability 
(%) that the water heater is on full power versus the hours of the day (0-24). 
The pattern of load demand for hot water varies from household to household, principally depending 
on the behavioral factors. There is a tendency, however, that the highest demand occurs during 
morning and evening hours, therefore these periods could have the highest potentials for load control. 
For a utility concerned with direct load management of its customers’ household equipment, this 
method defines the time for the potentially successful load control actions of this particular end-use – 
domestic hot water. 
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Figure 6: Probability that hot water load is on full power during a day (H5) 
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Concluding discussion 
 
High resolution load data is now available both for the customer and the utility. New automatic meter 
reading technologies allow to measure even more than the total demand. Hourly metering gives a 
valuable information and data which should be used to develop load management (demand 
response) strategies and improve energy efficiency actions. The benefits the data could give 
obviously depend on the specific purpose. The research presented in this paper mostly focused on 
data use in approaching peak load problems, experienced by the utilities.  
There’s evidently higher interest for the utility in analysing load demand or, in another words, it is a 
utility oriented process. It provides a utility an essential grounds, sources to create appropriate DR 
strategies (pricing, direct load control, etc.) 
The load analysis tools, touched in this paper, are not new and have been established and used long 
ago. New thing is their use in analyzing residential load demand and their applicability in residential 
market conditions. 
It could be concluded that at least load curves, daily load curves, load factor, and superposition factor 
could and should be used as are good representations of the load demand issue. The load curve is 
more useful for the customer, while the duration curve is more useful for the utility.  
Load factor is a good measure both for utility and customer. It is easy to understand for a customer. 
However, the major shortcoming of the load factor is that it does not represent the magnitude of the 
consumption, i.e. the value of the highest load and average loads. For the utility, by looking at just 
load factor value, it is difficult to judge the load reduction potential for the specific customer and how 
would it influence total utility load.  
It also should be mentioned that load factor can be used as a parameter when designing new 
electricity tariffs. 
Exploitation time has more value for the utility than for the customer as is more complex parameter 
than load factor and would not provide meaningful information for the customer. 
Even though ideal market development demands broad participation in DR programs, with the help of 
such a method as superposition, the utilities can start it with the customers actually mostly 
contributing to the peaks. 
Typical load curves provide valuable information for a utility for designing demand response strategies 
and new value-added energy services. 
Partial loads measurement has primarily the value for the customer as they could directly see what 
kinds of end-uses consume most energy. This kind of information could be treated as a specific utility 
service. It should be mentioned, nevertheless, that it requires installation of extra meters. The utility 
also benefits from this data as it provides good information to develop value-added energy services, 
as promotion of specific appliances, installation of storage and load control equipment, etc.  
Special attention should be given for the electricity used for heating (as the highest demand). One 
possibility is to measure and charge it separately. Different contracts for heat supply could be 
developed. 
The open question remains how the data should be showed/provided for the customer, how to make 
customer interested in energy use data? Is it sufficient to only to make it available online? The 
research in this particular issue is on the way, however, it requires broad efforts and trans-disciplinary 
cooperation of engineers, economists and behavioural scientists.  
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Abstract 
As part of the house audit undertaken by the New Zealand Household Energy End-use Project 
(HEEP) a detailed record is made of all appliances. This includes not only nameplate information, but 
also for major appliances details on the standby and in-use electricity requirements. The random 
sample covers 400 houses from throughout the nation – urban, suburban and rural locations, the full 
range of incomes, household demographics and house ages. 
The computer database includes 11,891 appliance power measurements, label details from a further 
5,656 appliances and detailed house light records. This provides a comprehensive overview of 
household electricity uses.  All appliances in the house are recorded, with information on their location 
and power. A minimum of 7 and a maximum of 82 appliances were recorded in any house, with an 
average of 33. 
The data have been used to prepare nationally representative estimates of standby and baseload 
power consumption.  
The average energy use per house for standby is equivalent to 58 W continuous, while the average 
house baseload demand including standby is 112 W ± 4 W continuous. The top five appliance types 
in terms of their current impact on the electricity system account for more than half the total household 
standby energy consumption.  
Analysis using the data obtained from the survey is being used to produce a bottom-up model of 
household energy use.  The resultant modelling can be used to determine the extent to which energy 
efficiency may be increased, and energy consumption minimized. 
 
 
The HEEP project 
 
The New Zealand Household Energy End-use Project has been active for over ten years and is a 
comprehensive study of the way energy is used in New Zealand households.  The data collected by 
the study include social interactions and mediating factors that may give rise to particular energy use 
patterns.   
Standby and baseload power consumption has been reported in HEEP since the Year 3 report [1]. 
These early estimates of standby and baseload power consumption have been instrumental in raising 
awareness of this important energy use both locally in Australasia [2] and worldwide [3], [4].  In March 
2000 New Zealand announced a policy of adopting a One Watt Target for the standby of all 
appliances.  Such a target was achievable even at that time for most appliances.  Unfortunately, 
institutional changes that took place later that year resulted in the target not being actively pursued.  
However, since then, standby power requirements have been included in some mandatory energy 
efficiency standards for appliances as part of the harmonized Australian and New Zealand minimum 
energy performance standards (MEPS) programmes.  It is also notable that during power crises the 
reduction of standby power has been promoted as an energy conservation measure during power 
crises, although how much this contributed to the approximately 10% reductions in electricity 
consumption achieved during the most recent campaign is unknown. 
 
HEEP Monitoring 
Monitoring continued after the initial findings, and now, after a further six years, the HEEP database 
has data on a total of some 400 randomly selected houses, covering all New Zealand. The sample 
covers houses from throughout the nation – urban, suburban and rural locations, the full range of 
incomes, household demographics and house ages.  The large majority (300) of these houses have 
been monitored in the past three years. 
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Now that the HEEP monitoring is complete, full, comprehensive and nationally representative 
estimates of standby and baseload power consumption can be prepared. This is a world first, as no 
other country in the world has undertaken a study comparable to HEEP that could provide such 
estimates. Most studies are non-random, with limited geographical or demographic coverage, or are 
desktop studies with some spot measurements taken of new appliances. For the full time ever, 
anywhere, a full account is presented of standby losses as they actually occur in use within houses. 
The resulting computer database includes 11,891appliance power measurements, label details from a 
further 5,656 appliances and detailed house light records, thus providing a comprehensive overview 
of household electricity uses.  
All appliances in the house are recorded, with information on their location and power. The most 
numerous electricity end-use is lights, ranging from a minimum of seven in a house up to a maximum 
of 143. A minimum of 7 and a maximum of 82 appliances were recorded in any house, with an 
average of 33.  The largest numbers of a single appliance type were the 22 sewing machines in one 
house, but the most popular appliance is the television (averaging just under 2 per house). The 
largest number of televisions in one house was 9. 
This rich database provides an internationally unique resource for New Zealand. The possibilities for 
its use are wide, limited only by the imagination of potential users.  One example is the use of the 
data to prepare nationally representative estimates of standby and baseload power consumption.  
 
Appliance energy use data collection 
Unlike other studies, the HEEP data are based on three sources within the HEEP programme.  This 
enables a comprehensive picture to be provided of baseload and standby.  Other studies of standby 
tend to ignore how standby operates in practice.  They also ignore the non-standby baseload, which 
represent comparable, or in some instances greater, energy waste.  
 
Data on standby power come from three sources within HEEP: 

• Enduse data — 10 minute monitored energy data from individual appliances 
• Spot power measurements — Spot measurements of the standby power carried out with a 

power meter at the time of the house installation 
• Survey — Occupant survey recording the number of each appliance type, and it’s usage 

 
By combining information from these three sources, a complete picture of household standby and 
baseload power consumption can be constructed. 
The monitored enduse data are the most detailed and provides information not only on the standby 
power level but also on how long the appliance spends in standby mode, information which cannot be 
gathered in any other way. There were 1,026 unique appliances monitored in this way. 
Due to resource limitations, the monitored enduse data were collected in only one quarter of the 
HEEP houses that were subject to detailed enduse monitoring. These resource limitations extended 
to limiting the number of appliances able to be monitored, so the coverage is not complete for all 
appliances and also some minor appliance types were not monitored at all. 
Spot power measurements were carried out in all the HEEP houses by an auditor going through the 
house recording information on every appliance in the house. The information recorded included type, 
make, model, serial number, label information, measured power consumption, measured standby 
power, and the standby status. How much information was recorded depended on the type of 
appliance, with appliances such as whiteware and entertainment equipment having all information 
recorded, and minor appliances like blenders etc have only their presence recorded. If an appliance 
was found to be plugged in and switched on, a standby power reading was taking, and the state 
recorded – this allowed some information about what percentage of minor appliances (such as 
chargers) are left in standby mode, and is a valuable complement to the enduse data. 
Survey data are recorded for the major appliance types. The occupant survey included questions on 
the number of each appliance in each house and the usage (e.g. constant, daily, weekly etc). Some 
additional information is collected for heating and cooking appliances. This information is primarily 
used for creating estimates of appliance stock levels, but for some appliances like heated towel rails it 
can be used to estimate energy consumption in the absence of energy monitoring. 
 
Analysis Methodology 
The methodology for estimating standby losses and baseload was first described in the HEEP Year 5 
report [5]. 
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Standby power is drawn by an appliance when it is not in operation but is connected to the mains. 
Depending on the appliance type, this can range from nil (for example, a non-electronic dryer) to 
20 W or more (for example, a television). These power consumptions may seem trivial (1 W 
continuous power is approximately 9 kWh per year and in New Zealand costs about $1.40 at 
16c/kWh), but since most households have many such appliances, the actual energy consumption 
can become a significant fraction of the total energy consumption of a household. 
 
Definitions of Standby Power and Baseload 
The definition of standby power, prepared by a consensus panel for the IEA (International Energy 
Agency) [6] is: 

‘Standby power use depends on the product being analysed. At a minimum, standby 
power includes power used while the product is performing no function. For many 
products, standby power is the lowest power used while performing at least one 
function’. 
‘This definition covers electrical products that are typically connected to the mains all 
of the time’. 
‘Based on this definition, certain types of products generally do not have standby 
power consumption. This includes, for example, products that have only two distinct 
conditions: ‘on’ and ‘off’, where the product does not consume power when it is off’. 

 
The basic concept is that standby power is the power used when the appliance is not performing its 
primary function.  This definition is applicable to a single appliance, but when considering what 
actually happens in a household, it is necessary to take into consideration how the appliances are 
operated and also how long they tend to last.  Monitoring for standby also picks up certain loads that 
are not standby according to the above definition, but that appear to have similar characteristics.  As a 
result, the HEEP study considers standby loads to be those loads that exist even when those dwelling 
in the house think nothing is happening.  This has the effect of widening the scope for energy 
efficiency programmes, and indicating potentially effective programme areas that may otherwise be 
overlooked.  Accordingly, as well as standby, HEEP investigated the baseload of houses.   
For the purposes of the study, the baseload of a house is defined as the typical lowest power 
consumption when there is no occupant demand. It includes the standby power of appliances (e.g. 
microwave ovens, VCRs, multiple TVs, video games, dishwashers, etc), plus any appliances that 
operate continuously (e.g. heated towel rails, clocks, security systems etc ).  It is important for two 
major reasons: 

• It defines the lowest continuous power demand that must be met by a network (or generation 
system), so having a large part to play in the network load factor. 

• It includes a group of appliances that have potential for demand reductions. 
 
When dealing with conditions in actual service, it is more realistic to define the standby power of an 
appliance as the power used when the appliance is not performing its primary function; it could 
include the following: 

• Video: power used when it is not playing or recording. 
• Range: energy used by the clock (and other electronics) when no cooking is being done. 
• Washing machine: power used by indicator light or electronics when not washing. 
• Refrigerator: energy used when the refrigerator compressor is off, and it is not defrosting, 

which could be the butter conditioner, or transformer and electronics. 
 
Note that other studies do not necessarily include all of the power consumption during non-usage time 
for refrigerators and refrigerator freezers, videos and microwaves - since the power is consumed for 
specific tasks such as the butter conditioner, TV channel tracking, microwave clocks. This study used 
a more inclusive approach 
Figure 1  Histogram of refrigerator power   
Source:  BRANZ Study Report No, SR 141 (2005) Figure 39 
 
Many modern appliances require a transformer or other power supply to supply DC power for 
electronic and computer controls, and this may consume power continuously, even when there is no 
power drawn by the appliance itself. For example, a washing machine may be used a few times each 
day, for about 60 minutes for each cycle. In between cycles, the electronic control system is waiting 
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and hence the power demand does not drop to zero, but (in the case of at least one machine 
monitored) to about 9 W. This off-duty power consumption of 9 W is the standby power of this 
appliance. As it is used only a small fraction of the day, almost half of the total consumed energy is for 
the 9 W standby power, and not for washing clothes*.  It is thus ‘wasted energy’ in the sense that it is 
not used to perform useful work. 
The analysis method for calculating the standby power and losses is based on the frequency 
distribution of the appliance power consumption. For example, a refrigerator compressor is on for 
most of the time and, when the compressor switches off, the refrigerator has a standby power of 
about 17 W. The frequency distribution for such a refrigerator is given in Figure 1. 
The histogram in Figure 1 has two strong peaks: one at about 190 W corresponding to full 
compressor power, and another at about 17 W corresponding to the standby power. Power uses in-
between these peaks are the refrigerator switching on or off some time during the 15-minute sampling 
interval, so an intermediate power use is recorded. 
The method for calculating the standby power is to find the standby power peak. Mathematically, the 
standby power is the mode of the distribution, which is defined as the value that occurs most often.  
As the data are measured in steps of 1 W (i.e. 1,2,3,4… W), finding the mode is easily done by 
identifying the most common value in the data. 
For some appliances, the most common value is larger than the standby power, as they rarely switch 
to standby. In these cases the modal value of the data values less than the mean power is taken. 
Once the standby power is known, the standby loss can be calculated. This is defined as the energy 
consumed when the appliance is in standby mode, rather than being ‘on’ or disconnected from the 
mains. This distinction is important as some appliances, such as televisions, are not always left in 
standby mode. 
 
Presentation of results 
For the purpose of reporting, household appliances have been divided into eight groups. The full 
range of standby data described in this section can also be generated for the individual appliance 
types: 

• Entertainment: audio component, DVD player, games console, miscellaneous entertainment, 
radio, separate radio cassette, Sky/Saturn decoder, stereo, television, video 

• Kitchen: bench top mini-oven, bread maker, coffee maker, Crockpot, dishwasher, electric 
oven, electric range (hobs + stove), extractor fan, food processor, frying pan, jug, juicer, 
microwave, mixer, Rangehood, separate electric grill, small kitchen appliance, toasted 
sandwich maker, toaster, waste disposal 

• Laundry: dryer, iron, washing machine 
• Miscellaneous - Large: pool pump, spa pool 
• Miscellaneous - Small: alarm clock, cellphone charger, charger, electric blanket, electric 

fence, electric organ, electric power tool, garage door opener, hairdryer, lamp, miscellaneous 
gear, miscellaneous household appliance, miscellaneous personal, plug in air freshener, 
sewing machine, shaver, toothbrush, vacuum, waterbed 

• Refrigeration: freezer, refrigerator, refrigerator-freezer 
• SOHO (Small Office, Home Office): answer phone, computer, computer monitor, cordless 

phone, fax machine, intercom, miscellaneous computer peripherals, printer 
• Space Conditioning: air conditioner, fan, dehumidifier, heater 

 
Standby power and energy   
 
Standby power  
Figure 2 summarises the power demand for each of the different household appliance groups, while 
Figure 3 provides an overall analysis of the energy used by the different groups. The difference 
relates to the amount of time the appliance is turned on and in standby mode, and the relative 
proportions of the different appliances. For example, the ‘entertainment’ group is not only the largest 
group in terms of standby (Figure 2), but as they are plugged in for most of the time and they are 
                                                      
* The washing machine in question was operated with cold water wash cycles, as are the majority of 
washing machines in New Zealand. 
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found in many houses, their overall impact is 51% of the energy used for standby (Figure 3). 
Conversely, the ‘Miscellaneous – Large’ group (pool pump and spa pool) has a high standby but is 
found only in a relatively few houses, and therefore has very little impact on the overall standby 
energy use.  
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Figure 2  Standby power for household appliance groups 
Source:  BRANZ Study Report No, SR 141 (2005) Figure 40 
 
The five appliance types measured to have the highest standby electric power are (in order from 
largest to smallest): 
• Combination Refrigerator Freezer 
• Sky/Saturn decoder 
• Refrigerator (single temperature) 
• Video 
• Instant Gas Water Heater 
In almost all cases the level of standby power is a consequence of the design, and could if desired be 
significantly reduced. 
 
Standby energy 
The average energy use per house for standby is equivalent to 58 W continuous i.e. the average New 
Zealand house is spending around $80 a year (at 16 c/kWh) just keeping these appliances powered-
on while they wait to be used.  
The overall impact on the nations electricity demand, as mentioned above, is a combination of the 
individual appliance standby-by power, the proportion of time it is plugged in and ‘turned on’ at the 
wall (even though it may not be in use) and the size of the appliance population. Just because an 
appliance type has a high standby power (Figure 2) does not mean they are major loads of the 
electricity system. 
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Figure 3  Standby energy 
Source:  BRANZ Study Report 
No, SR 141 (2005) Figure 41 
 
The top five appliance types in terms of their standby energy per house are (in order from largest to 
smallest): 

• Video 
• Television 
• Stereo 
• Refrigerator Freezer 
• Computer (includes CPU and monitor) 

These five highest appliance types account for more than half the total household standby energy 
consumption. It is interesting to note that three out of the top five are in the ‘home entertainment’ 
grouping. 
The average energy use per house for standby is equivalent to 58 W continuous. 
It is important to note that as appliances increase their market penetration, the importance of their 
standby energy use increases, and vice versa. For example, video recorders are being replaced by 
DVD players/recorders. If each older, higher standby power, video recorder were replaced by a more 
efficient, lower standby power, DVD player then the national standby power demand of this appliance 
group will reduce. However, if DVD players/recorders achieve a greater market penetration, or if the 
new appliance has similar standby power, then the overall impact may be unchanged or possibly 
even result in an increase in standby power demand on the electricity system. 

House baseload 

The baseload of a house is the typical lowest power consumption when everything that is usually 
switched off is off. It is made up of the standby power of appliances, continuous loads like heated 
towel rails, other appliances that are always on, and faulty refrigeration appliances. 
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Figure 4  Measured baseloads for a small sample of houses 
Source:  HEEP Year 3 Report — Reference [7] 
 
One of the indications from early monitoring is that the baseload of a household is often far more than 
that attributable to standby losses, which have received the greater attention.  For some houses, non-
standby baseload is particularly significant.  Information as to the nature of the two particularly large 
loads in the sample shown in Figure 4 is anecdotal, but one at least is due to a faulty refrigerating 
appliance that is running continuously at full load. 
 
Heated towel rails — an example of baseload 
To demonstrate the concept of baseload, it may be helpful to consider the findings for one particular 
appliance type. 
The HEEP survey questionnaire records how many heated towel rails there are in each house, and 
how often they are used, as self-reported by the occupant. The usage is recorded in categories as 
summarised in Table 1. More that half of the heated towel rails are on constantly, and dominate the 
energy consumption for this appliance type. 
The hours of use per week for each category are needed to calculate the energy consumption. Some 
early HEEP surveys of 128 houses included occupant self-reported hours of use, and Column 3 of 
Table 1 is based on these estimates. 
The average power rating of heated towels is also needed. This is not usually known by the 
occupants, and often no label is visible, and with fixed wiring it is not easy to conduct a power 
measurement. The early HEEP survey information (128 houses) also included power estimates, and 
those have been used. The average was 70 W ± 10 W. 
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Table 1  Heated towel rails by usage category and assumed hours used per week 

Usage Category Assumed Hours 
per week 

% of houses 

Constant 168 56% 
Daily 35 11% 
More than once per week 20 3.5% 
Approximately once per week 10 1.5% 
Approximately fortnightly 5 1.5% 
Approximately once per month 2 5.5% 
Less than once per month 0.5 10% 
Never 0 10% 

BRANZ Study Report No. SR 141 (2005) Table 31 

Combining the number of heated towel rails with the usage information and the average power rating 
gives the average power consumption per house for heated towel rails as 21 W ± 2 W. The 95% 
confidence interval (CI) is 17 to 25 W. Nationwide for the 1,400,000 households this is an average of 
30 MW ± 3 MW, of which almost all is continuous load. 

Table 2  Heated towel rail average power use 

Usage Category Average 

(W) 

95% CI 

(W) 
Per house 21±2 17-25 

Per house with heated towel rails 50±4 42-59 

Per house that uses heated towel rails 62±5 53-72 

BRANZ Study Report No. SR 141 (2005) Table 32 

Since only about half the heated towel rails are used constantly, and there are only about 0.6 towel 
rails per house, most of the heated towel rail energy consumption is from a small fraction of houses. 
A single heated towel rail used constantly costs more than $100 per year to operate, and can easily 
be 10% of more of the total electricity consumption in a house that uses them. Reductions of energy 
consumption, either by informing people of the real cost of operation, or by installing timer switches 
could cost-effectively give worthwhile energy savings, both at an individual household level and 
nationally. 
 
Baseload Assessment 
The methodology for assessing the baseload was described in the HEEP Year 5 report [5] and is 
provided below. 
The assessment of baseload is analogous to the assessment of standby load, as the baseload can be 
thought of as the standby power load of the entire house. Baseload assessment is more complex, 
because there are a large number of appliances switching on and off during the course of a day, so 
that the total power may be only rarely at baseload level. It may perhaps occur in the middle of the 
night, when everyone is asleep and all appliances are switched to off or standby. 
To find the baseload, the minimum monitored power for each day is taken, and a histogram created. 
The baseload is expected to be the most commonly occurring daily minima, which should be at the 
low end of the histogram. Calculating the mode generally gives a good estimate of the baseload. In 
households with many refrigeration appliances (or other fast switching, automated appliances) the 
histogram of daily minima may not be so easy to interpret, as it is rare for all of the fast switching 
appliances to be off concurrently. In such cases, a good estimate of the baseload cannot be made. 
For the HEEP sample households, this rarely occurred. 
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Results: Baseload 
The average baseload demand is 112 W ± 4 W continuous, equivalent to an annual cost of 
approximately $150 per year. The 95% confidence interval is from 104 W to 121 W. With 1.4 million 
houses in New Zealand, this is equivalent to about 160 MW of continuous load – equivalent to the 
average output of a hydro-power station on the Waikato river. The baseloads ranged from a low of 7.5 
W to a high of 583 W (which was for a house with a medical ventilator running 24 hrs). 
With a standby power consumption of 58 W ± 4 W, and heated towel rail power consumption of 21 W 
± 2 W, there is 33 W ± 6 W remaining to be accounted for in the calculated average New Zealand 
house baseload. 
 
Other components of baseload 
Continuous or overnight lighting 
Some households leave some lights on continuously or overnight, often for security or convenience. 
The household lighting circuits are monitored in the end-use HEEP houses, and this component of the 
lighting use can be estimated from these data. The continuous or overnight lighting load is analogous 
to the household baseload and the same method is used to estimate it. Some houses have a heated 
towel rail that is on constantly, and this is frequently wired into the lighting circuit. Houses that 
reported in the survey that they had a heated towel rail used constantly and a lighting baseload 
greater than 60 W were set aside. Another complication is the resolution of the monitoring equipment. 
Some lighting circuits were monitored with current clamps with a resolution of 0.25 W, but others were 
monitored with pulsed output tariff meters, which a resolution of 6 W, which is too large to distinguish 
a small lighting load from no lighting load. Houses monitored with this equipment were removed. The 
average of the remaining houses was 7 W ± 3 W, and this represents a rough estimate of the average 
continuous lighting or overnight lighting load.  
Faulty Refrigerators 
Previous HEEP analysis (not yet published) found that 7% of refrigeration appliances were faulty 
(compressor running constantly) and 9% were marginal (compressor running continuously for days or 
weeks in hot weather). The excess energy consumption was on average 15±10 W of continuous load 
per house.  
Other standby  
Some other small standby loads that were not monitored could be from the stove (notably the clock), 
fixed wired sensor lights, security systems, and the electrical safety Residual Current Devices (RCD) 
now required on all new sub-circuits. These might account for 3-5 Watts.  
 
Overall Baseload 
The baseload 112 W ± 12 W baseload and is made up of: 
• 58 W standby energy consumption 
• 21 W for heated towel rails 
• 15 W for faulty refrigeration appliances 
• 7 W for continuous or overnight lighting 
• Roughly 3-5 W for some standby appliances that were not estimated 
 
This leaves 7 W ± 12 W that is not fully explained, but as this is not statistically significantly different 
from zero, we conclude that there are unlikely to be any large standby or baseload components 
unaccounted for.   
This breakdown base on HEEP analysis gives very useful information as to where energy efficiency 
programmes ought to be directed, and also help with the analysis of such programmes. 
 
Impact on energy efficiency policy  
 
Results from the HEEP study can be used to indicate where particular effort should be made to make 
the greatest improvements in domestic energy efficiency.  Decisions need to be based taking a 
number of factors into account.  These include the standby or baseload power of the appliance; how it 
is used and the consequent annual energy consumption; the expected in-service life of the appliance, 
changes of performance over the life, changes in usage over the life and the consequent whole-of-life 
energy consumption; trends in the performance of new models; the type of energy efficiency 
programme that would be practical to apply; the stance of stakeholders and programme implementers 
(sometimes described as “willpower versus won’t-power”).  
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Reductions for 1-W plan 
A rough estimate of the effect of the implementation of the 1-W plan was calculated by assuming that 
the average appliance standby power was reduced to 1 W for those appliances that are more than 1 
W, with exceptions being set-top decoders reduced to 4 W (the interim target from AGO [8]) and 
refrigeration appliances to 5 W. The result is total standby energy per house would be reduced from 
58 W to 21 W, with the largest contributions to the 37 W reduction coming from entertainment 
appliances (21 W) and home office equipment (6 W). This clearly shows the appliance types where 
reductions are most desirable and realisable.  
 
Selections for standby energy efficiency programmes 
 
External power supplies 
On the face of it, external power supplies appear to be a suitable subject for a mandatory energy 
efficiency programme: there are several of them in most houses, and the technology for a low (1 Watt) 
standby power exists implying that it would be possible to save between ten and twenty watts per 
household.  However, if reference is made to the values for “miscellaneous – small” category in Figure 
2 and Figure 3, it will be seen that the high value for standby power translates into a smaller 
comparative value for standby energy.  This is because most external power supplies are not left on 
continuously; typically they are used for recharging the battery of a portable device such as a 
cellphone, and are not left connected to the supply when the recharging is not taking place.  Another 
consideration is that the lifetime of the appliances being supplied is typically short — a cellphone that 
dates to the last century is considered antiquated — and new appliances tend to be supplied with new 
power supplies that are more efficient and draw less standby current.   
Given the time typically taken to introduce mandatory energy efficiency measures for appliances, it 
was doubtful whether a MEPS for external power supplies would have any effect in practice.  For this 
reason, action on this type of appliance was allocated a low ranking in New Zealand’s action list.  It 
was not until Australia, without the benefit of an equivalent to HEEP, announced their intention of 
introduced a MEPS for external power supplies and New Zealand had the opportunity to introduce 
parallel measures with a reduced regulatory effort that the ranking increased [9].  The requirements, 
to come into effect in October 2007, are based on the joint Australian New Zealand Standard 
AS/NZS 4665 [10].  In New Zealand, mandating the Standard will probably have the effect of 
consolidating recent improvements in manufacture and performance and the associated savings, as 
distinct from making significant energy savings as a direct result. 
 
Entertainment 
A more important class of appliances that ideally demand swifter and more stringent energy efficiency 
requirements is the “entertainment” group.  These tend to last for a longer time, to be more likely to be 
permanently connected to the electricity supply, and to have significant standby energy consumption.  
They also seem to be increasing in number.  On the other hand, the complexity of the individual 
appliances in terms of the many different possible operating modes and even the likelihood of new 
types of entertainment appliance appearing make the introduction of mandatory requirements less 
straightforward.  While some contribution is being made to a draft joint Australian/New Zealand 
performance standard for televisions, most entertainment appliances are merely being included in a 
New Zealand version of an Energy Star voluntary endorsement label campaign.  At the time of writing, 
the campaign has had a positive effect on the fortunes of those in the advertising industry; the effect 
on energy consumption is yet to be determined.  The potential for energy saving, however, was 
originally estimated to be in the Petajoule range (or about one third of a Terawatt-hour) which in New 
Zealand represents the best part of one percent of total national electricity use, and this appears to be 
a realistic estimate. 
 
Small office/home office equipment 
Similar considerations apply to home office equipment, except that the turnover of SOHO equipment 
is more frequent than for entertainment equipment, with even the Inland Revenue Department 
assuming a useful working life of between 4 years (computers) and 5 years (fax machines, printers) 
[11].  Such equipment is being included in the same Energy Star campaign as entertainment 
equipment. 
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Baseload energy savings 
The situation with baseload is different in that baseloads tend to vary much more between houses. 
 
Heated towel rails 
Of the major components of baseload, electrically heated towel rails may be kept on all the time, part 
of the time or only occasionally.  Often there are reasonable motives for leaving a towel rail on.  In 
many New Zealand houses, condensation and damp in bathrooms is a problem that the use of a 
towel rail as a form of anti-condensation heater addresses to the user’s satisfaction.  The low-energy 
alternative solution can be difficult and expensive to implement, namely providing the bathroom with 
an extract fan, preferably plus wall, ceiling and floor insulation.  Even fitting a heated towel rail with 
some form of automatic control — even a simple time switch — could double the initial cost of the 
appliance.  The challenge is to provide the necessary information so the house owners are aware of 
the alternatives and of their costs.  The larger challenge is to introduce and implement building 
requirements so that it is possible to operate houses in a more energy efficient manner. 
 
Refrigerating appliances 
The HEEP study has been used to separate into two classes the minimum power drawn by 
refrigerating appliance.  Most refrigerating appliances exhibit a usage pattern similar to that shown in 
Figure 1.  This has a power frequency peak below the median power consumption that corresponds 
to standby power use.  For refrigeration appliances this is a combination of control circuit power, anti-
sweat heaters and, in the case of traditional New Zealand models of refrigerator, butter conditioner.  
Reducing this power demand is not a matter for the user, but is a feature of refrigerator design.  As 
the requirements of overall energy consumption by refrigerating appliances are governed by 
increasingly stringent minimum energy performance standards, such standby energy assumes greater 
significance and is being reduced by manufacturers. 
But for a significant minority of refrigerating appliances the characteristic is that of a baseload, with 
near full power being drawn for extended periods (days, weeks or even months) especially during 
summer, or even all year round.  These appliances are faulty, and could be suffering from one or 
several problems.  The thermostatic control may not be working; door seals may no longer be sealing; 
refrigerant may have leaked; the compressor may have become worn; the appliance may be suffering 
from excessive build-up of ice due to not being defrosted.  HEEP data indicates that around 7% of 
refrigerating appliances are running permanently, with a further 9% running for extended periods.  So 
16% of refrigerating appliances are consuming perhaps three times the electricity they should, 
meaning that the total energy consumed by refrigerating appliances is ~30% more than it should be.  
This figure may actually be even higher; the faulty appliances would tend to be the older ones, which 
have higher energy consumption than a new one of the same size. 
Addressing this problem is not easy, as it requires raising the awareness of users, the majority of 
whom do not have a problem.  While some signs can be looked for — Does the ice cream in the 
freezer crystallize quickly? Do the door seals look okay?  Is the ice-box heavily frosted? — other faults 
are more difficult to discern without monitoring electricity use patterns or metering the electricity use 
by each individual appliance.  The problem is further complicated by ownership patterns.  Older 
refrigerating appliances being often with their second owner, who is typically less likely to be able to 
afford either a new replacement refrigerating appliance or to have major repairs undertaken. 
 
Lighting 
Replacing incandescent lamps used for continuous or overnight lighting with compact fluorescent 
lamps could reduce energy consumption, as could sensors or timers. The large-scale campaigns 
currently being undertaken to replace the most commonly used incandescent lamps in each house by 
good quality compact fluorescent lamps may have an impact here. 
 
Conclusions 
 
A full household energy end-use survey such as HEEP provides sufficient data and information to 
enable areas of potential energy saving to be identified accurately, and more importantly for accurate 
estimates of those savings to be made.  This in turn enables appropriate energy efficiency 
programmes to be devised and implemented, and can prevent resources being wasted on 
programmes that may have little long-term effect. 
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Standby losses represent a significant portion of household electricity consumption, and a greater 
share of electricity savings potential.  Entertainment appliances and small office/home office 
equipment are the most significant areas.  But the complexity of these appliances means that simple 
energy efficiency programmes may not be effective. 
In New Zealand non-standby baseloads are similar in scale to standby losses, but with greater 
variation between houses.  The main baseloads are heated towel rails, faulty refrigeration appliances 
and overnight lighting.  Reducing these loads will be a challenge, and will require separate strategies. 
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Abstract  
We have been developing methods to infer an operating state of individual electric appliances in a 
household from harmonic patterns of current flowing in a power feeder of the household. We have 
been checking a fundamental effectiveness of the methods by piling up some small-scale 
experiments. The next step is to make a measuring terminal, which is applicable to a real load survey 
for residential sector, fix procedures for the survey, and evaluate the inference performance. The Main 
Results are as follows: 
(1) Measuring terminal 
We made a measuring terminal, which can be used for a practical load survey for residential sector. 
We checked the expected performance by an operating test. A PHS (Personal Handy phone System) 
is used to control the terminal and retrieve the data. 
(2) Workflow of load survey 
We determined a workflow of load survey. A mechanism to infer electricity consumption (an inference 
model) is built and fixed by using the data representing the relation between harmonic pattern and 
electricity consumption of electric appliances, which are obtained by a short-term measurement. 
(3) Evaluation of inference performance in practical operation 
In order to evaluate the inference performance in practical operation, the performance test was 
carried out at four real households, according to the procedure described above. The inference 
models built and fixed by using the short-term (three days) data showed a good performance for the 
long-term (several tens of days) unknown data. We confirmed that a difference between inferred 
electricity consumption and measured one is approximately below 20%. 
 
 
Introduction 
Information on what and how electric appliances are used in households is important to evaluate the 
effectiveness of DSM (Demand Side Management), estimate potential demand, predict demand 
change, analyze primary factors for deterioration of load factor, build a careful seasonal and time-of-
use rates system, provide various services to the customers, and so on. We had to install measuring 
equipment or a measuring sensor to each appliance inside in order to grasp usage of individual 
appliances in a household. It inevitably cost us much and was also troublesome to the residents of the 
household. In order to solve the problem, several methods for a so-called “non-intrusive electric 
appliances load monitoring system” were developed [1-3]. We also invented a method to infer 
electricity consumption or on-off state of individual electric appliances in a household from the 
harmonic pattern of total load current on a power feeder measured at the entrance of the household, 
as shown in Figure 1 [4].  
We have been checking the fundamental effectiveness of the method by piling up some small-scale 
experiments [5]. The next step is to make a measuring terminal, which is applicable to a real load 
survey for residential sector, fix procedures for the survey, and evaluate the inference performance. 
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Figure 1: Non-Intrusive Electric Appliances Load 
Monitoring System 
 
Objectives of Performance Test 
 
In this paper, we produced an overall system including a communication system with measuring 
terminals (slave stations) to be installed in the households to be surveyed, and a master station for 
control of and data collection from the measuring terminals. We then carried out performance test at 
four households. For these tests, we selected typical electric appliances that consume a lot of 
electricity in households such as air conditioners, refrigerators, and televisions to be surveyed. 
The objectives of the performance test are as follows: 
1) To verify that the whole system including the measuring terminal and the communication system 
have the expected performance. 
2) The Non-intrusive monitoring system does not directly measure the operating status of individual 
electric appliances (whether they are on or off, and how much electricity they are consuming). Instead 
the operating status of each electric appliances are inferred from the harmonic currents included in 
the total load current, which are measured at the entrance of the household. 
In the tests conducted up to the present for verifying the fundamental effectiveness of the systems, in 
addition to the measuring device for harmonic currents installed at the entrance of the household, 
power meters were also installed in the downstream electric appliances being monitored. However, 
for actual load surveys, it is not normally possible to install power meters in each electric appliance for 
verification of inference accuracy. Permanently installed devices are not compatible with non-intrusive 
monitoring systems. Therefore, in order to apply the non-intrusive monitoring system to an actual load 
survey, it is necessary to establish a methodology and verify its accuracy beforehand. 
So as the first step in our methodology, we attached measuring devices to each electric appliance, 
besides the measuring terminal. Then using the information obtained in a short period, we produced 
and evaluated various inference models (Mechanisms to infer electricity consumption of individual 
electric appliances), and decided which single model to use. 
In this performance test, we continued measurement with the measuring devices installed in each 
electric appliance after we chose the inference model, and we used the data to evaluate whether the 
inference model used demonstrated sufficient performance thereafter, as a means of evaluating 
whether or not the methodology was valid. 
The workflow above is shown in Figure 2. Naturally the ultimate goal is to achieve a situation where, 
apart from the measuring terminal in the surveyed household, no other measuring devices are 
installed even for a short time. 
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#Investigation into owned electric appliances*
#Measurement of  harmonic characteristics of 
individual electric appliances*
#Beginning of  installing measuring terminal and 
measurement
#Beginning of  installing power meter in individual 
electric appliance and measurement**

#Removing power meters that had been installed in 
individual electric appliances 

Build more than one inference 
models by learning

Work at household surveyed

In several days to two weeks after 1st step
Obtaining test data to fix inference 
model
#Harmonic characteristics included in 
total load current
#Electric power consumed by individual 
electric appliance 

Obtaining  training data
#Harmonic characteristics of 
individual electric appliance

Work at surveyor's office

Evaluate performance of 
inference models and fix one 
for adoption

Infer electric power consumed 
by individual electric 
appliances in operation of 
inference model

Obtaining practical operation data
#Harmonic characteristics included in 
total load current

1st step

2nd step

#Continuing measurement with measuring terminal

3rd step
Practical operation

Preparation for operation

*   For appliances with large power consumption and 
long usage, besides ones to be inferred
** Installing in appliances to be inferred

(Not removed for the performance test)

(Continued measurement with power meters 
attached to individual electric appliances for the 
performance test)

The Performance Test
Evaluate performance of inference 
models in practical operation

#Measured electricity consumption of 
individual electric appliances

#Inferred electricity consumption of 
individual electric appliances

 
Figure 2: Workflow of Load Survey by Using Non-Intrusive Electric Appliances Load 
Monitoring System and Additional Tasks Related to Performance Test 
 
Measuring Terminal 
 
As shown in Figure 1, the non-intrusive monitoring system consists of a measuring terminal (slave 
station) installed in a household, and a master station located at a surveyor’s office. Figure 3 is a 
photograph of a measuring terminal that we made for a practical load survey for residential sector. For 
communication between the master station and slave station, we used a PHS (Personal Handy phone 
System) and the Internet. We confirmed the expected performance according to the specifications 
through the performance test. 
 

  

 
Figure 3: Measuring Terminal (290mm(H) × 
150mm(W) × 85mm(D)) 
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Performance Test 
 
Outline of performance test 
The outline of the performance test at four actual households is shown in Table 1. Table 2 
summarizes the electric appliances inferred in each household, and the appliances used for learning 
data required for building inference models based on measurement of the harmonic characteristics of 
each appliance. In order to obtain data for evaluating the performance of the inference models in 
actual operation, power meters were installed separately in the surveyed appliances. 
 
Table 1: Outline of Performance Test at Real Households 
Household A B C D 
Location Kagawa Osaka Kanagawa 
Frequency 60Hz 50Hz 
Data Collection PHS Internet 

Test Period 
Summer 
2004/06/29 - 09/30 
(94days) 

Summer 
2004/06/26 - 08/07 
(43days) 

Winter 
2003/12/30 - 
2004/01/31 
(33days) 
Summer 
2004/06/17 - 08/17 
(62days) 

Measuring Interval 1 minute 
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Table 2: List of Electric Appliances 
House- 
hold No. Phase Appliances Rated Power 

Consumption Subject Inferred Learning Data 

1 U Air Conditioner 1 Cooling 820W 
Heating 1080W √ √ 

2 U Air Conditioner 2 Cooling 415W 
Heating 550W − √ 

3 V TV 190W √ √ 

4 V Refrigerator Motor 150W 
Defroster 153W √ √ 

A 

5 200V Air Conditioner 3 Cooling 980W 
Heating 1320W − √ 

1 U Air Conditioner Cooling 1010W 
Heating 1180W √ √ 

2 V TV 136W √ √ 

3 V Refrigerator Motor 134W 
Defroster 194W √ √ 

B 

4 V Hot-Water Heater 905W − √ 

1 U Air Conditioner 1 Cooling 475W 
Heating 640W √ √ 

2 U TV 1 195W √ √ 
3 U TV 2 100W − √ 

4 V Air Conditioner 2 Cooling 375W 
Heating 400W √ √ 

5 V Refrigerator Motor 167W 
Defroster 174W √ √ 

C 

6 200V Air Conditioner 3 Cooling 1900W 
Heating 1815W √ √ 

1 U Air Conditioner 1 Cooling 880W 
Heating 1050W − √ 

2 U TV 139W √ √ 
3 U PC & CRT Display 120W − √ 

4 U Refrigerator Motor 125W 
Defroster 110W √ √ 

5 U Dish Washer Motor 75W 
Heater 1175W − √ 

6 U Clothing Drier High 1360W 
Low 1040W − √ 

7 U Fluorescent Lights − − √ 
8 U Incandescent lamps − − √ 

9 V Air Conditioner 2 Cooling 820W 
 Heating 820W √ √ 

10 V Microwave Oven Microwave 1380W
Griller 1330W − √ 

11 V Toaster 810W − √ 

D 

12 V Fluorescent Lights − − √ 
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Building inference models 
Method of building inference models  
As the inference algorithm for the harmonic pattern recognition method, we used SVM (Support 
Vector Machine) [6] for inferring whether the electric appliance is on or off, and RBFN (Radial Basis 
Function Networks) [7] for inferring power consumption. In order to infer the operating status of 
specific electric appliances, it is first necessary to teach SVM and RBFN using learning data (multiple 
and finite data correlating the harmonic patterns at the feeder cable inlet with the operating status of 
the electric appliances). SVM and RBFN generally have multiple parameters, and the harmonic order 
range and so on of the harmonic patterns, which are the input to SVM and RBFN, can be changed as 
parameters. 
The harmonic patterns consist of the fundamental wave current and the odd-order harmonic current, 
and the respective current phase differences to the fundamental wave voltage. The measuring 
terminal measures odd-order harmonics up to 13th. 
In accordance with the work procedures in Figure 2, we follow the 3 steps shown in Figure 4, teaching 
the inference algorithm, building the inference model, deciding the optimum model, and providing it for 
actual use. First, we apply learning data simulating the harmonic patterns included in the total load 
current to inference algorithms with multiple variable parameters, and build inference models 
corresponding to the various combinations of parameter values (Step 1 in Figure 4). Here ‘inference 
model’ means a model with inference algorithms that have learned to infer the operating status of 
electric appliances based on harmonic patterns, which are the input of the algorithms. 
Next, we apply inference model evaluation data to each inference model, evaluate the output 
inference results, and adopt the model that outputs the best results as the optimal model (Step 2 in 
Figure 4). 
In the actual implementation phase, we infer the operating status of the electric appliances by 
applying the harmonic patterns (operational data) measured at the feeder cable inlet of the actual 
households to the optimal model (Step 3 in Figure 4). 
 
STEP 1

Learning Data
SVM

RBFN
with variable parameters

Inference Model 1

Inference Model 2

Inference Model 3

Inference Model 4

STEP 2

Inference 
Model

Evaluation
Data

Inference Model 1

Inference Model 2

Inference Model 3

Inference Model 4

Results 1

Results 2

Results 3

Results 4

Adopt Model 
with Best 
Results

as
Optimum 

Model

STEP 3

Operational Data
( Harmonic Patterns )

Optimum Model
Inference Results

( Operating Status of 
Electric Appliances )

 
Figure 4: Steps to Build Inference Model 
 
Learning data and inference model evaluation data  
The learning data was prepared from the harmonic characteristics of each electric appliance collected 
in ‘1st step’ in Figure 2. The learning data consists of the harmonic patterns corresponding to the 
typical operating status of the electric appliance (not necessarily limited to one), and the power 
consumption at that time. Learning data that indicates the status of several appliances operating at 
the same time is synthesized from learning data of individual electric appliances. The amount of 
learning data for test households is summarized in Table 3. 
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For the inference model evaluation data, 3 to 4 days’ continuous data was extracted from the whole 
test period. The amounts of data for the respective test households are shown in Table 3. The table 
also shows the amounts of data used as operational data. Of course, since the inference model 
evaluation data and the operational data were collected at different times, neither includes data 
common to both. The measuring interval during the test period was 1 minute (collecting 1 unit of data 
in 1 minute). 
 
Table 3: Amount of Data for Test Households 

Household Phase Learning Data Inference Model 
Evaluation Data Operational Data 

U     647 4,320 77,745 A V     63 4,320 77,756 
U  1,955 4,320 71,985 B V  1,329 4,320 72,000 
U    917 4,320 34,558 C V    679 4,320 34,560 
U 12,959 4,313 23,075 D for Winter V  1,119 4,307 18,755 
U 15,119 6,376 14,948 D for Summer V  1,023 4,633 14,948 

 
Evaluating performance of inference models 
We entered operational data in the optimal inference model, inferred whether each electric appliance 
was on or off, or its power consumption, and by comparing the results with separately measured 
values, evaluated the performance of the inference model for the operational data. The results are 
shown in Table 4. It shows the electricity consumption inferred by RBFN, the electricity consumption 
measured separately, the mean absolute error and the square root of mean square error of the 
inferred power consumption and so on for air conditioners. The inferred electricity consumption is 
calculated by adding up the inferred power consumption.  
For appliances other than air conditioners, whether they are on or off were inferred with SVM, and the 
cover rate when they are on or off were calculated. The definition of the cover rate is as follows: 

Number of Inferences for On [ or Off ]

Number of Correct Inferences for On [ or Off ] 
On [ or Off ]-Cover Rate = 

 
In addition, electricity consumption was calculated by multiplying the mean power consumption of the 
appliance by the inferred ‘on’ period, and comparing it with the separately measured values.  
Table 4 shows not only the results of the operational data, but also the results of the inference model 
evaluation data. From Table 4, the following conclusions can be deduced. 
 
(1) On/off-cover rate by SVM 
The drop in the cover rate for the operational data was about 10 points or less from the cover rate for 
the inference model evaluation data. Conversely, there were also cases where the cover rate for the 
operational data was higher than that for the inference model evaluation data. The average for 
Households A to D for televisions was a 1-point drop for the on-cover rate and a 4-point drop for the 
off-cover rate, no change in the on-cover rate for refrigerators and a 1-point increase in the off-cover 
rate. From these results, we determined that the optimal inference model chosen based on the 
inference model evaluation data collected over a short period (about 3 days) displays roughly equal 
performance to the unknown operation data taken over a long period (several tens of days) at the time 
the model was chosen. 
 
(2) Inference error for air conditioner by RBFN  
With regard to the proportions of the mean absolute error and the square root of the mean square 
error to the rated power consumption, the difference between the values for the inference model 
evaluation data and that for the operational data were mostly slight. As with SVM, there were cases 
where the error for the operational data was smaller. In the average for Households A to D, there 
were no changes in the mean absolute error, and the square root of the mean square error was 2 
points greater. From these results, for RBFN as with SVM, we determined that the optimum inference 
model chosen based on the inference model evaluation data displays roughly equal performance to 
the unknown operation data at the time the model was chosen. 
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(3) Error in electricity consumption  
The error in the inferred electricity consumption for the operational data was in general within 20% of 
the measured value, and there were also cases where it was smaller than that for the inference model 
evaluation data. These values are benchmarks for the inference error when carrying out load surveys 
in accordance with the workflow in Figure 2. 
 
Table 4: Results of Performance Test 
(a) Household A 

Phase U Phase V 
Air Conditioner 1 TV Refrigerator 

Household A Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

1.3kWh 
(163%) 

15.8kWh 
(79%) 

1.4kWh 
(100%) 

30.2kWh 
(102%) 

12.7kWh 
(99%) 

238.4kWh 
(97%) 

Measured Electricity 
Consumption 0.8kWh 19.9kWh 1.4kWh 29.7kWh 12.8kWh 244.6kWh 

Mean Absolute Error 
[On-Cover Rate] 

80W 
(10%) 

126W 
(15%) [99%] [87%] [99%] [99%] 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

98W 
(12%) 

167W 
(20%) [100%] [100%] [92%] [89%] 

Measured Average 
Power Consumption 
(Min. - Max.) 

291W 
(61-
1,539W) 

402W 
(52 - 
1,548W) 

159W 160W 192W 196W 

Measured On Hours 
(Amount of Data) 

2.8hours 
(167) 

49.6hours 
(2,973) 

9.0hours 
(538) 

185.5hours 
(11,132) 

66.3hours 
(3,980) 

1,248.0hours 
(74,878) 

Measuring Period 
(Amount of Data) 

3.0days 
(4,320) 

54.0days 
(77,745) 

3.0days 
(4,320) 

54.0days 
(77,756) 

3.0days 
(4,320) 

54.0days 
(77,756) 

 
(b) Household B 

Phase U Phase V 
Air Conditioner TV Refrigerator 

Household B Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

7.9kWh 
(100%) 

157.3kWh 
(94%) 

2.1kWh 
(111%) 

30.3Wh 
(149%) 

9.7Wh 
(109%) 

145.8kWh 
(84%) 

Measured Electricity 
Consumption 7.9kWh 167.0kWh 1.9kWh 20.4kWh 8.9kWh 172.6kWh 

Mean Absolute Error 
[On-Cover Rate] 

9W 
(1%) 

53W 
(5%) [99%] [99%] [97%] [91%] 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

30W 
(3%) 

154W 
(15%) [99%] [90%] [96%] [94%] 

Measured Average 
Power Consumption 
(Min. - Max.) 

387W 
(352 - 
708W) 

546W 
(51W - 
1,148W) 

104W 104W 159W 170W 

Measured On Hours 
(Amount of Data) 

20.3hours 
(1,220) 

305.9hours 
(18,353) 

18.3hours 
(1,099) 

195.8hours 
(11,747) 

56.2hours 
(3,369) 

1,013.1hours 
(60,785) 

Measuring Period 
(Amount of Data) 

3.0days 
(4,320) 

50.0days 
(71,985) 

3.0days 
(4,320) 

50.0days 
(72,000) 

3.0days 
(4,320) 

50.0days 
(72,000) 

* (    ) in ‘Inferred Electricity Consumption’ is a percentage of ‘Measured Electricity Consumption’. 
** (    ) in ‘Mean Absolute Error’ and ‘Square Root of Mean Square Error’ is a percentage of the rated power 
consumption of the electric appliance. 
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Table 4: Results of Performance Test (Continued) 
(c) Household C 

Phase U Phase V 
Air Conditioner 1 TV1 Air Conditioner 2 

Household C Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

3.2kWh 
(178%) 

4.2kWh 
(88%) 

4.9kWh 
(100%) 

26.0kWh 
(86%) 

13.6kWh 
(102%) 

81.3kWh 
(76%) 

Measured Electricity 
Consumption 1.8kWh 4.8kWh 4.9kWh 30.4kWh 13.3kWh 106.3kWh 

Mean Absolute Error 
[On-Cover Rate] 

100W 
(21%) 

101W 
(21%) [92%] [92%] 199W 

(53%) 
161W 
(43%) 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

181W 
(38%) 

167W 
(35%) [94%] [98%] 255W 

(68%) 
222W 
(59%) 

Measured Average 
Power Consumption 
(Min. - Max.) 

270W 
(60 - 787W) 

278W 
(54 - 766W) 144W 160W 

526W 
(67 - 
1,147W) 

599W 
(55 - 
1,210W) 

Measured On Hours 
(Amount of Data) 

6.7hours 
(399) 

17.1hours 
(1,028) 

34.0hours 
(2,039) 

190.2hours 
(11,409) 

25.2hours 
(1,514) 

182.3hours 
(10,940) 

Measuring Period 
(Amount of Data) 

3.0days 
(4,320) 

24.0days 
(34,558) 

3.0days 
(4,320) 

24.0days 
(34,558) 

3.0days 
(4,320) 

24.0days 
(34,560) 

 

Phase V 200V 
Refrigerator Air Conditioner 3 

Household C Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

6.3kWh 
(100%) 

50.7kWh 
(99%) 

10.1kWh 
(102%) 

81.2kWh 
(92%) 

Measured Electricity 
Consumption 6.3kWh 51.1kWh 9.9kWh 87.8kWh 

Mean Absolute Error 
[On-Cover Rate] [100%] [100%] 42W 

(2%) 
45W 
(2%) 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

[ - ]*** [ - ]*** 59W 
(3%) 

64W 
(3%) 

Measured Average 
Power Consumption 
(Min. - Max.) 

88W 89W 
371W 
(52 - 
1,006W) 

396W 
(50 - 
2,075W) 

Measured On Hours 
(Amount of Data) 

72.0hours 
(4,320) 

575.6hours 
(34,534) 

26.7hours 
(1,600) 

221.6hours 
(13,298) 

Measuring Period 
(Amount of Data) 

3.0days 
(4,320) 

24.0days 
(34,560) 

3.0days 
(4,320) 

24.0days 
(34,558) 

* (    ) in ‘Inferred Electricity Consumption’ is a percentage of ‘Measured Electricity 
Consumption’. 
** (    ) in ‘Mean Absolute Error’ and ‘Square Root of Mean Square Error’ is a percentage of 
the rated power consumption of the electric appliance. 
*** Since the inference model evaluation data for the refrigerator was all ‘on’, and the 
operational data was also 99.9% ‘on’, we did not evaluate ‘Off-Cover Rate’. 
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Table 4: Results of Performance Test (Continued) 
(d) Household D for Winter 

Phase U Phase V 
TV Refrigerator Air Conditioner 2 

Household D 
for Winter 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

1.8kWh 
(106%) 

12.6kWh 
(127%) 

5.1kWh 
(98%) 

28.2kWh 
(102%) 

10.3kWh 
(92%) 

36.0kWh 
(87%) 

Measured Electricity 
Consumption 1.7kWh 9.9kWh 5.2kWh 27.7kWh 11.2kWh 41.4kWh 

Mean Absolute Error 
[On-Cover Rate] [98%] [99%] [88%] [94%] 121W 

(15%) 
158W 
(19%) 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

[97%] [91%] [88%] [90%] 160W 
(20%) 

210W 
(26%) 

Measured Average 
Power Consumption 
(Min. - Max.) 

113W 115W 139W 142W 
795W 
(454 - 
960W) 

811W 
(394 - 
1,179W) 

Measured On Hours 
(Amount of Data) 

14.8hours 
(886) 

85.6hours 
(5,136) 

37.2hours 
(2,232) 

195.2hours 
(11,714) 

14.1hours 
(845) 

51.1hours 
(3,063) 

Measuring Period 
(Amount of Data) 

3.0days 
(4,313) 

16.0days 
(23,075) 

3.0days 
(4,313) 

16.0days 
(23,075) 

3.0days 
(4,307) 

13.0days 
(18,755) 

 
(e) Household D for Summer 

Phase U Phase V 

TV Refrigerator Air Conditioner 2 
Household D 
for Summer Evaluation 

of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Evaluation 
of 
Inference 
Model 

Actual 
Operation 

Inferred Electricity 
Consumption 

3.4kWh 
(106%) 

8.5kWh 
(149%) 

8.2kWh 
(72%) 

20.9kWh 
(66%) 

2.4kWh 
(65%) 

19.5kWh 
(74%) 

Measured Electricity 
Consumption 3.2kWh 5.7kWh 11.4kWh 31.7kWh 3.7kWh 26.3kWh 

Mean Absolute Error 
[On-Cover Rate] [95%] [99%] [60%] [62%] 239W 

(29%) 
241W 
(29%) 

Square Root of Mean 
Square Error 
[Off-Cover Rate] 

[96%] [87%] [64%] [72%] 275W 
(34%) 

293W 
(36%) 

Measured Average 
Power Consumption 
(Min. - Max.) 

115W 118W 144W 142W 
674W 
(522 - 
730W) 

696W 
(464 - 
1,012W) 

Measured On Hours 
(Amount of Data) 

27.5hours 
(1,647) 

48.1hours 
(2,884) 

79.1hours 
(4,745) 

223.5hours 
(13,411) 

5.5hours 
(330) 

37.8hours 
(2,269) 

Measuring Period 
(Amount of Data) 

4.4days 
(6,376) 

10.4days 
(14,948) 

4.4days 
(6,376) 

10.4days 
(14,948) 

3.2days 
(4,633) 

10.4days 
(14,948) 

* (    ) in ‘Inferred Electricity Consumption’ is a percentage of ‘Measured Electricity Consumption’. 
** (    ) in ‘Mean Absolute Error’ and ‘Square Root of Mean Square Error’ is a percentage of the rated power 
consumption of the electric appliance. 
 
Conclusion 
 
The bottom line of this paper is covered in the abstract so we will not repeat them again here. 
However, the measuring terminal made on this occasion has been tried out in an actual load survey. It 
is our METI (Ministry of Economy, Trade and Industry)’s load survey project to grasp electricity 
demand structure of industrial, commercial, and residential sectors respectively, by acquiring hourly 
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end-use electricity load curve at the time when the maximum demand for the electric power networks 
occurs. It started in FY 2004 and will continue until FY 2006. For the residential sector, we are 
measuring load curves at 688 actual households. Our non-intrusive electric appliances load 
monitoring system is currently in use at 25 households among 688, under recognition of that inferred 
electricity consumption of individual electric appliances might include 20% error. The system is going 
well. This paper is playing a role in assuring the inference accuracy of the practical application of the 
system to the load survey, and we will be very happy if it fulfills this responsibility however slightly. 
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Methodology and First Results from End-Use Metering in 400 
Swedish Households 
 
P. Bennich, A. Persson 
 
The Swedish energy agency 
 
 
Abstract 
This contribution presents the first results from the project “End-use metering in 400 Swedish 
households”. Preliminary results indicate that it is important to analyse the type of household (age; 
number of family members) as well as type of living (house or apartment); different households have 
different sets of equipment and behaviour and thus different user patterns. One example of 
observation is that younger families seem to have more energy efficient white goods, but more 
computer equipment; another observation is that the largest short term saving potential lies in the use 
of light sources; in all households incandescent light bulbs form at least 60% of the total lighting. 
 
 
Introduction 
 
Over the past 30 years, the domestic use of electricity in Sweden has increased from 9.2 TWh (1970) 
to 20.1 TWh (2003) [1]. Although the largest increase occurred during the 70’s and 80’s, there has 
been a steady growth up until now. This increase is usually explained by an increase of the number, 
and use, of appliances in homes – but a detailed understanding of this development is not clear at 
present. 
For example, in an end-use measurement campaign in 66 detached houses performed in the mid-
90’s [2], it was found that the annual domestic electricity consumption was about 5300 kWh/yr, of 
which roughly 31 % was due to cold appliances and 17 % due to other white goods (fig 1). I.e., a large 
part of the end-use was due to white goods. At that time the European energy labelling system was 
about to be introduced, and thus it was expected that along with more energy efficient white goods 
replacing old appliances, the domestic consumption would actually decrease. Another factor that was 
expected to support this trend was the rapid development of low-energy light bulbs for domestic use. 
However, as is clear from recent statistics, this prediction has not come true; the electricity use in 
houses is now even higher (6100 kWh/yr in 2003). 

End-use in houses 1994

544
10%

431
8%

1670
31%

299
6%

138
3%

1019
19%

1246
23%

Cooking
Dishwashing
Fridge and freezer
Washing machines
Drying
Light
Socket outlets

 
Figure 1: Estimation of end-use electricity consumption in houses 1994. 
(Values in kWh/yr and per cent, respectively.) From ref [2]. 
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The aim of the present project is to again perform measurements of the domestic use of electricity, 
but now in 200 houses and 200 apartments, and much more in detail. Also, the electricity 
consumption in the common areas in 20 residential houses will be measured (lighting, elevators, 
common washing rooms, etc). The project started in September 2005 and will end in late 2007.  
By means of time resolved measurements on an apparatus level, the goal is to achieve detailed load 
curves on a daily, weekly, monthly and yearly basis. Thus, user patterns will be achieved, as well as 
aggregated data, which allows a deeper analysis of the previous unclear development of the domestic 
end-use of electricity over the past years, to be performed. In particular, the results are expected to 
increase the precision of the energy statistics, especially since the measurements from now on will be 
repeated in every six years. 
In summary, the results will be used in the following areas: 

• Improved energy statistics in the domestic area (time-serial data) 
• In evaluations of the current degree of energy efficiency in the domestic sector 
• In evaluations of existing incentives for energy efficiency measures 
• When planning new incentives 
• In prognostics of greenhouse gas emissions 
• As input for key values for the ”Energy performance of buildings directive” 

 
Method 
 
Selection of households 
The selection has been done in cooperation with the statistics agency in Sweden, “Statistics Sweden”, 
where households representing different types of families in combination with the type of house or 
apartment in terms of age and location (big town, small town, countryside), have been chosen. 
Although it is difficult to achieve a truly representative selection (in statistical terms), we have strived 
to achieve as a varied selection as possible. However, the geographic spread is limited to be within 
the region of Lake Mälaren, since it offers the desired variety of households within a practical size of 
area. But in order to check for factors due to geographical location, especially regarding lighting since 
this probably can vary as a function of latitude and season of the year, a few households are chosen 
from the far north (town Kiruna) and south (town Malmö). If the results indicate a strong dependency 
of latitude, later studies can include that as a parameter. 
So far, the following subcategories of families have been chosen: 
 
Table 1: Subcategories for households in houses and apartments. 
Type of households/Age  - 25 yr 26-64 yr 65-  
Singles    
Pair without children (age as close as possible to 
these intervals) 

   

Families with children = Singles or pairs with 
children (irrespective of age) 

 

 
Along with an increased number of households in the database, more subcategories can be defined 
and studied. The purpose with this is to study the type of household in combination with the 
distribution of appliances and behaviour; as will be evident from the preliminary results, this can show 
quite different variations in the data. 
 
Measurements 
As illustrated in fig 2, the number of loads in a typical Swedish home may be substantial; in all it can 
easily be over 60 loads. 
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Figure 2: Examples of loads in a typical home. 
 
Thus, to measure them all is a difficult task and requires a combination of direct and indirect 
measurements. This is performed in the following way, based on the concept used in the EURECO-
study [3]: 

• As much as possible will be measured in the switchboard by means of special wattmeters (fig 
3) – the total consumption, stove and oven, freezer, fridge etc. 

 

  
Figure 3: Wattmeter in switchboard 

 
 
• The other appliances (TV, PC, etc) are measured by serial meters placed between the socket 

outlet and the appliance (fig 4). 
 

   
Figure 4: Serial meter 
 
 
 
 
 
 

491



• Light sources are measured in an indirect way: light sensors measure when the lamps are on 
and off; together with information of the nominal power it is then possible to calculate the 
energy consumption (energy = power * time) (fig 5). 

 

   
Figure 5: Light sensor 
 

• Sometimes there are loads that can not be measured directly (apart from light sources), e.g. 
when there is a mix of free and fixed installations fed from the same fuse. However, most 
times it is possible to use calculations as illustrated in fig 6: if the load points 1, 2 and 3 are 
measured, then the load point 4 (the towel heater) is achieved as the difference between load 
point 1 (the fuse) and the loads 2 and 3. 

 
Figure 6: Indirect measurement of a fixed installation (the towel heater). 

 
• Despite all these measures, there will always be a remaining part left over (called “Not 

followed”), defined as the difference between the incoming total electricity consumption and 
the sum of all loads. Since this project not only have an apparatus but also a household 
perspective, it is important that this remaining part is as small as possible. One can try to 
estimate and distribute this part over the other loads, but in our view (so far) this might be 
difficult and yield misleading results. Further statistical analysis will hopefully lead to more 
insights in this respect. Until then, the “Not followed”-part is shown explicitly. As a target 
quality goal, a value of 10% and 15%, for apartments and houses respectively, is set. 

• The data are time resolved in 10-minutes intervals (mean values), but will be presented 
mostly as consumption per hour (Wh/h) or longer (day, month, year). 

• 20 houses and 20 apartments will be measured for a full year, whereas the other 180 houses 
and apartments, respectively, will be evenly distributed over the year. The reason for this 
scheme is to be able to compensate for seasonal variations due to daylight variations, 
different behaviours etc. 

• Finally, the temperature is measured in- and outdoor. 
 
Estimation of the stand-by consumption 
A “load” of particular interest is the standby-consumption. However, it is very much a matter of 
definition (what is true standby, what is low-energy mode, etc) and thus difficult to measure. As a 
starting point, this study will use a combination of the following measurements: 

• The nominal standby-power for individual appliances is measured separately at the time for 
installation of the metering equipment; this together with assumptions of user patterns yields 
estimates of the actual standby-consumption. 

• The consumption for typical appliances will be measured during periods of no use, such as 
during 04.00 – 05.00 in the morning. 

• The total consumption is measured during 04.00 – 05.00 in the morning. 
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Results 
 
General 
The results presented here are based on monthly measurements done in 10 houses and 17 
apartments during the autumn 2005. The number of objects are thus relatively few; only a few of the 
categories presented in table 1 (previous section) are represented; the spread in the data is relatively 
large; and finally, the data are not compensated for seasonal variations. Thus, interpretations of the 
data presented here must be done with care; especially, it is too early to draw any but preliminary 
general conclusions.  Nevertheless, the results indicate the type of results that will be achieved when 
the project is finished. 
 
Common results 
Table 2: Summary of different loads for different categories of households, in [kWh/year]. 
 House, 

all 
house-
holds1 

House, 
families 
with 
children2 

House, pairs 
without 
children, 25-
64 years3 

Apartment, 
all house-
holds 4 

Apartment, 
families with 
children 5 

Apartment, 
pairs without 
children, 25-64  
years 6 

Cold 
appliances7 679 565 946 552 697 597 

Computer 
site8 360 490 180 181 267 135 

Audiovisual 
site9 398 436 438 359 534 168 

Cooking10 328 334 328 290 373 226 
Washing11 588 838 354 228 236 495 
Lighting12 1143 1333 1046 691 919 595 
Rest13 156 9 357 134 171 3 
Stand-by14 181 180 175 115 141 111 
Not 
followed15 1201 1063 1173 404 539 203 

Total of 
domestic 
electricity16 

5034 5248 4997 2954 3877 2533 

 
Comments on the results: 
• The measurements were done during one month, but the results are expressed as an annual 

consumption. Also, the values are not compensated for the seasonal variations. Thus, the values 
only give estimates that have to be treated with care. 

• With the above reservation in mind, the data nevertheless clearly indicate that the consumption 
for the cold appliances has decreased substantially when comparing the values for houses (all 
households) in this project with the values from 1994 (fig 1): in 1994 it was roughly 1670 kWh/yr 
as compared with the estimate of 680 kWh/yr in 2005. The reason for this reduction is most likely 
the success of the energy labelling system; there are no really bad cold appliances available in 
the market anymore. 

                                                      
1 Contains all categories. 10 households included. 
2 Irrespective of age. Five households included. 
3 Four households included. 
4 Contains all categories. 17 households included. 
5 Irrespective of age. 7 households included. 
6 Five households included.  
7 Fridge, vertical freezer, chest freezer, etc. 
8 PC, printer, broadband, scanner etc. 
9 TV, VCR, DVD, VCR + DVD + satellite receiver, VCR + satellite receiver, Hi-Fi 
10 Stove + oven, micro, dishwasher, coffee brewer, toaster 
11 Washing machine, clothes drier, tumble drier 
12 Incandescent light bulbs, Compact Fluorescent Light, Fluorescent strip light, Halogen 230V, Halogen 12 or 24V (works with 
transformer) 
13 Different but identified loads that were not able to be separated from the total; e.g., car heaters, ventilation systems, etc. 
14 Minimum value measured from the total load during 04.00 - 05.00 in the night. 
15 Corresponds to the part that is not possible to trace; it is calculated as the difference between the total consumption and the 
sum of all identified loads. 
16 The sum of all loads above corresponds to the definition of the domestic electricity in this article. 
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• As a contrast, the data for lighting indicate a reverse trend; the consumption is basically the same 
or higher compared to 10 years ago. The reason is probably a combination of more light sources 
than previous, and reluctance among household owners to switch to more efficient light sources 
such as CFL’s. (See more below on lighting.) The behaviour studies will hopefully shed more light 
on especially the latter issue. 

• The importance of resolving aggregated categories like “all houses” into subcategories is evident 
from the data. E.g., it is clear that pairs without children consume less energy on their computer 
sites than both the average household (all houses) and the family with children. 

• On the other hand, the consumption for cold appliances is actually higher for pairs without 
children than for families with children; it would be reasonable to assume the opposite. A possible 
explanation is that the cold appliances in homes with pairs without children are older, and thus 
less energy efficient; further analysis of the data has to be performed before it is possible to 
confirm this hypothesis. 

• The standby consumption in the table is only estimated from measurements between 04.00 – 
05.00 in the overall incoming load curve; further analysis has to be performed. 

• The part “Not followed” is relatively ok for apartments (ca 10 %) but not for houses (ca 20 %); as 
mentioned the long term is to achieve 10-15 % also for houses. 

 
Results for houses 
In this section, results are presented in the form of load curves and relative distributions, and need 
minimal comment. 

Structure of the average hourly load curve
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Figure 7a: Load curves for all houses, weekdays 
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Structure of the average hourly load curve

Holidays
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Figure 7b: Load curves for all houses, holidays. Note how the “breakfast peak” is shifted to 
later hours. 
 

Relative contribution from the different loads
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Figure 7c: Relative distribution of loads for all houses, weekdays. (See  fig 1 for the values of 
1994.) 
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Relative contribution from the different loads
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Figure 7d: Relative distribution of loads for all houses, holidays  
 
Results for apartments 
In this section, results are presented in the form of load curves and relative distributions, with minimal 
comment. 

Structure of the average hourly load curve
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Figure 8a: Load curves for all apartments, weekdays 
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Structure of the average hourly load curve

Holidays
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Figure 8b: Load curves for all apartments, holidays. Note how the “breakfast peak” is shifted. 
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Relative contribution from the different loads

Holiday

21%

22%

11%

9%

13%

6%

5%

4%

9%

Cold appliances

Light

Cooking

Washing

Audiovisual site

Computer site

Other

Standby

Not followed

ENERTECH

All apartments

STEM

Figure 8d: Relative distribution of loads for all apartments, holidays 
 
Example of results for an individual load: lighting 
This serve to illustrate how energy saving potentials may be estimated. 
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Figure 9a: Load curve for lighting, all houses, weekdays 
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Figure 9b: Load curve for lighting, all houses, holidays 
 

Light
Total installed wattage per house

0

200

400

600

800

1000

1200

1400

1600

1800

All houses House, family, 26-64 years old House, couple without children, 26-
64 years old

W
at

ta
ge

 (W
)

ENERTECHSTEM

1243 W

1714 W

1479 W

 
Figure 9c: Installed power, lighting, houses 
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Figure 9d: Distribution of light sources, houses (w.r.t. the number of sources; in terms of 
installed power it is even more incandescent light bulbs). Basically the same results are 
obtained for apartments. 
 
Conclusions 
 
The first results clearly show that it is possible and important to resolve the data in terms of type of 
household (age; number of family members, etc), the different sets of equipment the different type of 
households have, and the load patterns for the appliances. That is, the combined knowledge of type 
of household and use of appliances increase the possibility to understand where and how measures 
should be taken to increase the number of energy efficient appliances in the homes. For example, 
typically, the relative amounts of incandescent light bulbs form at least 60% of the total lighting in all 
households, meaning that there is still a great saving potential in this area. 
To increase the understanding in the choice and use of appliances, two behaviour studies will start 
during 2006 in some of the households now participating in the measurement campaign. The first 
results are expected to be presented at the end of this year. 
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Abstract 
‘The heat replacement effect’ was introduced at the EEDAL 2003 conference in Turin in a paper by 
Bruce Young. This term describes the process whereby energy savings from lower appliance 
consumption lead to additional space heating energy consumption, because of the lower level of heat 
gains from appliances. In cold countries, this partly offsets any appliance savings achieved. The 
opposite is true in climates where cooling is more important than heating, where additional savings 
will be made. The effect has sometimes been ignored when designing energy efficiency programmes, 
leading to incorrect estimates of likely carbon savings and potentially, therefore, to programme 
underachievement.   
This paper reports on further analysis that has been undertaken since 2003, using thermal simulation 
software to refine previous estimates. The factors developed can be used with reasonable confidence 
to estimate the proportion of the expected savings from more efficient lights and appliances that are 
foregone due to the heat replacement effect. This should be useful for policy makers and analysts, as 
it offers a simple way to produce more realistic estimates of the carbon and cost savings from policies 
that encourage the uptake of efficient electrical goods. 
The findings reinforce those from earlier work, and confirm that ignoring the heat replacement effect 
can have a significant negative impact on the accuracy of energy saving claims from national 
programmes. In the UK for example, failure to account for heat replacement would lead to the carbon 
saving from low energy lights and appliances being overestimated by more than 30%. That would 
severely reduce the credibility of reported results.  
 
 
Introduction 
 
A description of the heat replacement effect 
In the process of performing their intended function, lights and appliances (L&A) convert the energy 
they use into heat. When used inside buildings, this has the effect of raising the internal temperature. 
If appliance use is coincident with the need for space heating, this contributes to maintaining the 
required internal temperature. If the temperature of the building is thermostatically controlled, the 
output of the heating system will automatically be reduced due to the presence of these heat gains1.  
If lights and appliances are replaced with more efficient models, the energy they use and the heat 
they produce will be reduced. A greater amount of heat will therefore be required from the heating 
system to maintain the same internal temperature. The energy apparently saved by using lower 
energy appliances is thus ‘replaced’ by that from the heating system. Hence, the process is known as 
the heat replacement effect (HRE).  
When looked at over a day, month or year, it is likely that not all of the energy saved will be replaced, 
because not all of the heat produced by lights and appliances will be coincident with the need for 
heating. In many countries, heating is needed only during certain months of the year. For the 
remaining months there will be no heat replacement and savings from more efficient devices will be 
proportionate to their reduced consumption. And even during months when space heating is required, 
if heating is not on 24 hours a day, some of the heat from lights and appliances may occur outside the 
heated hours, again leading to less than full heat replacement. Thus, it is often not easy to estimate 
the magnitude of the HRE.  
To consider the impact of the HRE on the energy, cost and carbon savings from using more efficient 
appliances, the level of coincidence of the heat output of L&A with the need for space heating must be 
considered. Of course, this varies with the location and characteristics of the building, as well as the 

                                                      
1 Even in the absence of thermostatic control, it would be reasonable to assume that reduced gains will lead to some 
compensative response by the dwelling’s occupants. For example, the heating device might be left on for slightly longer 
because the dwelling takes longer to reach the required temperature.  
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preferences of its occupants and the efficiency of the heating system2. It will often involve the 
replacement of heat produced using one fuel (usually electricity) with that from another (the space 
heating fuel), complicating the calculation of the associated cost and carbon emissions savings. 
HRE works in the opposite direction in buildings that are actively cooled. As for heating, this will occur 
automatically if the cooling system is thermostatically controlled (and probably manually if not). Where 
this is the case, for any heat produced by L&A (or any other internal source), additional energy has to 
be used to remove it from the building. Hence, reducing L&A energy use will yield additional 
reductions in cooling energy use. 
 
Previous work 
In a paper presented at EEDAL 2003 in Turin [1], Bruce Young introduced the concepts behind the 
HRE and used a simple procedure to estimate factors to calculate its affect on the energy, cost and 
carbon savings for lighting and certain appliances applicable to the UK. These were primarily based 
on the calculation of the coincidence between heating hours and the likely hours of use for the device 
being considered, taken over a whole year. This yielded a coincidence factor that was greatest for 
lighting. The key findings from that work are given in Table 1.  
 
Table 1: Key factors estimated in previous HRE study 
Device type HRE factor, R Energy saving 

factor, Senergy 

Cost saving 
factor, Scost 

Carbon saving 
factor, Scarbon 

Lighting 70.3% -0.4% 81.9% 52.8% 
Fridges & freezers 55.1% 21.3% 85.8% 63.0% 
Electric cooking 58.0% 17.1% 85.1% 61.1% 
Gas cooking 58.0% 42.0% 42.0% 42.0% 
Wet appliances 
(washing machines, etc.) 

2.8% 96.0% 99.3% 98.1% 

Consumer electronics 58.0% 17.1% 85.1% 61.1% 
Standby power 56.8% 18.9% 84.6% 61.9% 
Added electric heating 100% -43.0% 74.3% 32.9% 
Added gas heating 100% 0.0% 0.0% 0.0% 

Source: Domestic figures from table 3 of reference [1] 
 
Full descriptions and derivations of the terms used in Table 1 are given in [1], but for convenience 
brief descriptions are given here. 

• R is the proportion of the energy used by the appliance that offsets energy that would otherwise 
be provided by the heating system 

• S is the proportion of the reduction in energy, cost or carbon used by the appliance that is still 
present when the additional space heating energy is taken into account. For example, if Scarbon is 
equal to 50%, for every unit of carbon saved in reduced appliance energy use an additional 0.5 
units will be produced in providing the extra heat required to maintain the same internal 
temperature as before.  

Purpose of this study 
The purpose of the previous work on HRE was to describe the nature of the HRE, to consider which 
factors it depends most upon and to provide initial estimates of its magnitude. The purpose of the 
work undertaken since has been to provide more refined estimates of the values of the factors 
derived. Therefore, following a meeting on the subject where interested parties in the UK discussed 
the initial findings, it was decided to undertake a series of detailed simulations to consider the 
utilisation of gains in houses in more detail. The remainder of this paper describes the cases that 
were modelled, uses these results to derive HRE factors and considers the implications of the findings 
for energy/carbon saving programmes and policies.  

                                                      
2 The figures reported in this paper therefore can more reliably be applied to schemes involving a 
large number of dwellings than to individual dwellings (although the same principles apply). 
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Description of the work undertaken 
 
Simulation modelling 
Detailed thermal simulation modelling was carried out for a series of cases. These were all variations 
of a ‘base case’ dwelling, which had characteristics which were either average (where known) or 
typical (where the average was not known) of an existing UK house. By modifying features of the 
base case, 17 slightly different situations were devised, designed to show how a number of factors 
affect the utilisation of the gains from L&A. Detailed specifications for each case were prepared and 
sent to the team selected to perform the modelling. A full list of the cases modelled is given in Table 2.  
Key characteristics of the base case dwelling were: 
• Floor area of 88.8m2, two storey semi-detached house, 3-bedrooms 
• Brick/brick cavity walls (unfilled), 150mm roof insulation, single glazed 
• Typical bi-modal UK heating pattern assumed: weekdays 7am-9am, then 4pm-11pm, weekends 

7am-11pm  
• Heating system: gas central heating system of average efficiency 70% (supplying hot water to 

radiators), controlled by a programmer (to control on/off periods), room thermostat (set to 21°C), 
and thermostatic radiator valves (TRVs) elsewhere set to 18°C 

• Such a dwelling achieves an energy efficiency rating that is very close to the average for the UK’s 
housing stock 

 
Table 2: Cases modelled 

None GLS CFL - 
same 

lux

CFL - 
same 
power

No 
lampshades

Lampshades Poorly 
insulated

Average Well 
insulated

Bi-modal All day No TRVs TRVs None Average 200W 
const.

300W 
const.

1 X X X X X X
2 X X X X X X
3 X X X X X X
4 X X X X X X
5 X X X X X X
6 X X X X X X
7 X X X X X X
8 X X X X X X
9 X X X X X X
10 X X X X X X
11 X X X X X X
12 X X X X X X
13 X X X X X X
14 X X X X X X
15 X X X X X X
16 X X X X X X
17 X X X X X X

HEATING APPLIANCESCase 
number

LIGHTING SHADES DWELLING TYPE

 

Notes on the cases chosen 
The cases were designed to address specific points of interest, so not all of them represent realistic 
scenarios of L&A use.  
Case 1 assumes there is heating, but no lighting. Comparing the heating energy for this case with 
others where lights are present illustrates how much of the heat from lighting usefully offsets that 
which would otherwise come from the space heating system. This is fundamentally important in 
explaining and estimating the magnitude of the heat replacement effect.  
Cases 2 and 3 allow a direct comparison of the heating and lighting energy needs before and after the 
replacement of tungsten lamps with compact fluorescent lamps (CFLs) to give the same level of 
illumination.  
Case 4 models CFLs of the same electrical power as the tungsten lamps they replace. This is not 
intended to be a realistic scenario (because it implies 5 times more illumination than is normal), but to 
examine how the differing proportions of radiant and convective heat from filament lamps and CFLs 
affect their contribution to heating.  
Cases 5 and 6 are the same as 2 and 3, except that there are assumed to be no lampshades present. 
This is relevant because lampshades convert some radiant to convective heat and so could have an 
effect on the proportion of the output from the lights that usefully heats the dwelling.  
Cases 7 and 8 have the same characteristics as 2 and 3, except for inferior insulation (solid brick 
walls and no roof insulation). Insulation level was expected to be a parameter which affects the 
magnitude of the HRE. 
Cases 9 and 10 have the same characteristics as 2 and 3, except they are better-insulated versions 
of the standard dwelling, with insulated walls, 250mm of roof insulation and low-emissivity double 
glazing. 
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Cases 11 and 12 are the same as 2 and 3, except an all-day heating pattern was used for the whole 
week (7am-11pm). This is a common heating pattern in homes where an occupant is usually at home 
during the day. 
Cases 13 and 14 assume there are no TRVs present on radiators and that the temperature of the 
whole house is controlled by the room thermostat. 
Cases 15, 16 and 17, which look at appliance gains rather than lighting gains, assume typical 
insulation levels and that TRVs are present. Case 15 assumes no appliance gains (for the same 
reason that case 1 assumed no lighting). A constant level of appliance gains is assumed 24 hours per 
day for 16 and 17, with the magnitude reduced in the latter case to see the effect this has on the 
space heating energy. 
The results (in the form of annual energy consumption figures for space heating and appliance use) 
were then analysed as described below to derive HRE factors, R. From those, the beneficial savings 
factors Senergy, Scost, and Scarbon were calculated.  
 
Results 
 
The energy consumption figures resulting from the modelling are shown in Table 3. Note that the 
space heating figures refer to the amount of heat energy usefully delivered to the dwelling, rather than 
the amount of fuel energy the heating appliance would require (the difference being due to the 
inefficiency of the heating device). Energy required for hot water is not considered because it is not 
affected by the HRE and would be identical in each case.  
 
Table 3: Energy consumption data from modelling 
Case number Space heating 

energy requirement 
(MWh/yr) 

Lighting energy 
consumption 
(MWh/yr) 

Appliance energy 
consumption 
(MWh/yr) 

Total energy 
consumption 
(MWh/yr) 

1 10.119 0.000 2.386 12.505 
2 9.840 0.454 2.386 12.680 
3 10.060 0.091 2.386 12.537 
4 9.822 0.454 2.386 12.662 
5 9.845 0.454 2.386 12.685 
6 10.060 0.091 2.386 12.537 
7 15.507 0.454 2.386 18.347 
8 15.721 0.091 2.386 18.198 
9 4.136 0.454 2.386 6.976 
10 4.355 0.091 2.386 6.832 
11 10.885 0.454 2.386 13.725 
12 11.118 0.091 2.386 13.595 
13 12.25 0.454 2.386 15.090 
14 12.48 0.091 2.386 14.957 
15 11.246 0.454 0.000 11.700 
16 9.901 0.454 2.628 12.983 
17 10.334 0.454 1.752 12.540 

 

From this primary information, the values in Table 5 were derived using the equations described in [1], 
providing comparable figures to those given in the earlier work on HRE. To aid comparison, the initial 
estimates from [1] are repeated here in Table 4. 
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Table 4: HRE factors from earlier work for comparison with new values 
Source of gains fsur fin fhs R Senergy Scost Scarbon 
Lights 100% 95% 74% 70.3% -0.4% 80.9% 52.8% 
Standby power 100% 98% 58% 56.8% 18.9% 84.6% 61.9% 
Fridges and freezers 100% 95% 58% 55.1% 21.3% 85% 63% 

 

Table 5: Factor derived from thermal simulations 
Case fsur x fhs fin R Senergy Scost Scarbon 
2 to 3 60.6% 95% 57.6% 17.7% 84.4% 61.4% 
5 to 6 59.2% 95% 56.3% 19.6% 84.7% 62.3% 
7 to 8 59.0% 95% 56.1% 19.9% 84.8% 62.4% 
9 to 10 60.4% 95% 57.4% 18.0% 84.4% 61.5% 
11 to 12 64.2% 95% 61.0% 12.9% 83.5% 59.1% 
13 to 14 63.4% 95% 60.2% 14.0% 83.7% 59.6% 
16 to 17 49.4% 98% 48.4% 30.9% 86.9% 67.5% 

 
Table 4 gives figures for both standby power and fridges and freezers as examples of ‘always on’ 
appliances, whose daily energy consumption is not expected to vary much throughout the year. They 
can reasonably be compared with the findings for appliances in the thermal simulation modelling 
work.  
Note that the two factors fsur (proportion of heat disposed to surroundings) and fhs (proportion of heat 
disposed that is coincident with space heating need) are given separately in Table 4, but are not 
separable in Table 5. The thermal simulation modelling gives a single figure equal to the product of fsur 
and fhs. However, the value of fsur is likely to be close to 100%, since only a small proportion of the 
energy is able to leave the building without heating it (eg, light passing through a window). An 
exception to this is wet appliances, where much of the energy may be lost from the dwelling in the 
form of hot water down the drain, or in the case of non-condensing tumble dryers, the deliberate 
external venting of warm air. 
The factor fin (proportion of energy consumed in heated living space) in Table 4 for lighting assumes 
that 95% of the lighting energy is consumed in the heated living space, the remaining 5% being for 
external lighting that does not contribute to the heating of the building. For the thermal simulation 
modelling, it was assumed that all lights were in the dwelling, so it was necessary to apply the same 
factor to the simulation results to obtain comparable figures. For appliance gains, it was assumed that 
98% is emitted within the heated space (in line with the ‘standby’ figure from Table 4). 
 
Discussion of results 
 
Lighting 
Lighting is treated differently from appliances as a greater proportion of it is required at the same time 
as heating. Especially in more northerly climates, there are lengthy periods when it is both dark and 
cold, during which human habitation calls for artificial light and heat simultaneously. An estimate of 
the coincidence factor fhs for lighting was developed in the previous study. 
However, the thermal simulation modelling results now make the application of this coincidence 
factor, which was a source of uncertainty, unnecessary. Simulation over a full year shows the 
proportion of the annual lighting energy that ends up as useful heat. Simulation results relevant to this 
are discussed in the remainder of this section, referring to raw data figures from Table 3. 
A comparison of the results from case 1 (no lighting) with case 2 (tungsten lamps) reveals that the 
0.454 MWh/yr of electrical energy supplied for lighting reduces the heat required from the heating 
system by 0.279 MWh/yr. Thus, 61.4% of the energy used by the lights during the whole year has 
been converted to useful heat - heat that would otherwise be required from the space heating system. 
Assuming the space heating is supplied from a gas central heating system of 70% efficiency (a typical 
heating system in the UK), the heat from lighting in this case reduces gas consumption by 0.3986 
MWh/yr.  
Comparing case 1 (no lights) with case 3 (CFLs) shows that the 0.091 MWh/yr supplied to the lights 
reduces the energy required from the heating system by 0.059 MWh/yr (so 64.8% of lighting energy is 
converted to useful heat). For a 70% efficient heating system, an extra 0.0843 MWh/yr of gas would 
be needed to heat the dwelling without the heat obtained from the lights.  
Comparing cases 4 (where light is provided by CFLs of the same electrical power as tungsten lamps) 
and 2 with case 1 shows that the useful space heating from CFLs is slightly higher than that from 
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tungsten lamps of the equivalent power (65.4% is useful compared to 61.4%). A higher proportion of 
the heat output from CFLs is in the form of convective heat rather than radiation, so this demonstrates 
that radiation from lights is slightly less useful than convective heat for space heating.  
Comparing case 5 (where no lampshades are present) with case 2 shows that a lampshade slightly 
increases the useful heat output of lights. 61.4% is useful where lampshades are present, compared 
to 60.3% where they are not. This is because a lampshade absorbs incident radiation and converts it 
to convective heat, which is slightly more useful for space heating. 
 
The magnitude of the heat replacement effect for lights in a typical UK dwelling 
Comparing cases 2 and 3 shows that for the dwelling simulated in this study, 0.363 MWh/yr of 
electricity is saved by replacing tungsten lamps with CFLs. Because of this, the annual heat 
requirement increases by 0.220 MWh/yr. This implies a heat replacement factor of 60.6%. However, 
an allowance should be made for lighting energy used in external lighting. The factor fin (95%) is 
therefore applied, leading to a heat replacement factor R of 57.6%.  
In terms of delivered energy savings, assuming a 70% efficient gas heating system provides the extra 
heat, 100% / 70% = 1.429 times the quantity of missing heat from lights will be required to heat the 
dwelling to the same level. Using the formula from [1] the delivered energy saving factor Senergy is thus 
17.7%. In other words, only 17.7% of the gross delivered energy saving will be achieved in practice. 
In terms of fuel costs, replacing tungsten lamps with CFLs reduced electricity consumption by 0.363 
MWh/yr and increased space heating consumption by 0.220 MWh/yr. However, since electricity is 
more expensive than gas (by a factor of about 4 in the UK), the gross cost saving will not be so 
heavily reduced when including the effect of heat replacement. In this case, 84.4% (Scost) of the gross 
cost saving will be achieved.  
Similarly, in terms of carbon savings, because electricity is significantly more carbon intensive than 
gas in the UK (by a factor of 2.2), the gross carbon saving is not as heavily reduced when converting 
to a saving net of heat replacement. Simulation cases 2 and 3 suggest 61.4% (Scarbon) of the gross 
carbon saving will be achieved. 
 
Sensitivity of HRE (lighting) to dwelling characteristics 
Cases 5 and 6 show that the heat replacement factor is slightly lower in a dwelling with no 
lampshades. This is explained by the fact that with no lampshades a slightly larger proportion of the 
heat is radiant, providing a smaller useful input to the dwelling’s space heating need. Thus when the 
heat input from lights is reduced by installing CFLs, less heat needs replacing, so a lower heat 
replacement factor is found. 
Cases 7, 8, 9 and 10, with their different insulation levels, suggest that the heat released from lights in 
well insulated dwellings provides slightly more useful space heating than in poorly insulated ones 
(hence giving a higher value of R). This may be because any heat released outside heating times is 
stored for longer within the dwelling, so more of it will still be present by the start of the next heating 
period.  
Cases 11 and 12 show that homes heated all day, rather than morning and evening, have a slightly 
greater heat replacement factor. This may be caused by better use of heat from lighting during winter 
mornings, less of which is utilised when the heating period is broken between morning and evening.      
Cases 13 and 14 show that the heat replacement factor for lights in dwellings with no TRVs is slightly 
higher than where TRVs are present. This may be because the lighting gains in the room containing 
the thermostat have a disproportionately large effect, as the thermostat controls all the heating in the 
house.  
The study shows that the magnitude of the heat replacement factor R for lighting is not strongly 
affected by any of the variables examined (with the range of R for all cases looked at being between 
56.1 and 61.0%). It is therefore suggested that a reasonable approach is to combine the most 
common cases from Table 5 into a single set of factors for practical use. Common cases for heating in 
the UK are: 
- intermittent heating, with TRVs 
- all day heating, with TRVs 
- intermittent heating, without TRVs 
- all day heating, without TRVs. 
and the values of R for three of them are shown in Table 3. The fourth case (“all day heating, without 
TRVs”) has not been modelled, but as the “intermittent heating, without TRVs” case was 2.6 
percentage points higher than “intermittent heating, with TRVs”, it is likely that “all day heating, without 
TRVs” would have a value for R somewhat above 61%. 
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An overall factor for domestic lighting of R = 60% is therefore proposed, and is shown as the final line 
in Table 6. 
 
Table 6: Overall factors for domestic lighting derived from thermal simulation 

Cases Description Heat replacement 
factor Beneficial savings factors 

GLS CFL  R Senergy Scost Scarbon 
2 3 Intermittent heating, TRVs 57.6% 17.7% 84.4% 61.4% 
11 12 All day heating, TRVs 61.0% 12.9% 83.5% 59.1% 
13 14 Intermittent heating, no TRVs 60.2% 14.0% 83.7% 59.6% 
Overall factors for domestic lighting 60% 14% 84% 60% 

 
Space heating by appliances 
Unlike lighting, appliances here are assumed to consume energy at roughly the same daily rate 
throughout the year. Comparing cases 15 and 16 shows that of the 2.628 MWh of appliance energy 
48.8% provides useful space heating over the course of a year. This is a lower proportion than lighting 
because of the reduced coincidence with heating. Note that it does not apply to appliances that 
dispose of most of their heat outside their house (eg, washing machines) – see discussion in Ref. [1].  
Using a value for fin of 98% and the value for fsur x fhs from the modelling (48.8%) gives a value for R of 
47.8%. 
Using the same method applied to the lighting figures, the net energy savings from better appliances 
are about 31% of the gross energy savings. Similarly, only about 87% of gross cost savings and 
67.5% of gross carbon savings will be achieved. In other words Senergy = 31%, Scost = 87% and Scarbon 
= 67.5%.  
 
Implications of results 
 
Implications for estimates of energy, cost and carbon savings 
The findings from this study confirm the earlier conclusions that the HRE is a significant factor and 
therefore one that needs to be taken into account to obtain realistic predictions of the savings from 
reducing energy consumption by lights and appliances within buildings.  
In a typical UK house, the cost saving from installing low energy lighting, if the HRE is ignored, will be 
overestimated by about 19% and the carbon saving by about 67%. It would be reasonable to expect a 
similar level of overestimation when looking at the potential savings for a large group of dwellings, 
rather than an individual typical house. Failure to recognise this when performing calculations could 
lead to wrong conclusions being drawn and, potentially, to wrong decisions being made.  
 
Implications for policies and programmes 
When designing an energy or carbon saving programme it is usual to produce an estimate of its 
expected benefits, i.e. how much energy or carbon it is expected to save. Often this will be an 
important part of the decision on whether the programme offers good value for money, or if that 
money could be better spent elsewhere. If the programme incorporates measures aimed reducing the 
energy consumed by L&A, the expected saving will be incorrect in most circumstances unless the 
HRE is taken into account properly. This may result in resources being misdirected and an overall 
reduction in the amount of energy or carbon saved by the programme. It is therefore vital that the 
implications of HRE are understood and calculated at the programme design stage, not just during the 
post-programme evaluation.  
The work undertaken for this study and in [1] together clearly define and describe the HRE and show 
how its affects can be evaluated for a given situation. They also show how it is possible to derive 
factors that can simplify the process for those designing or analysing programmes, allowing them to 
take account of the HRE more easily in their calculations. The factors derived in this paper are 
applicable to programmes based on the UK housing stock, but the method could be repeated to 
derive suitable factors for many other situations, for example those involving other climates, other 
housing stocks, or non-domestic energy users. Indeed, in situations where electricity is the main 
heating fuel, it may be a more simple process to derive these factors, since fuel switching (typically 
from electricity to gas in the case of UK dwellings) will not complicate matters.  
 
An example of the use HRE factors in a national programme 
In the UK, one of the government’s main tools to help reduce carbon emissions from housing is the 
Energy Efficiency Commitment (EEC) [2]. This effectively places a legal requirement on energy supply 
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companies to deliver carbon savings by encouraging the installation of energy efficiency measures in 
homes. For each measure installed, they are credited with an appropriate carbon saving. The sum of 
their total carbon savings over the course of the programme must meet or exceed their target. The 
current phase of EEC started in 2005 and is due to run for three years. 
In order to justify the expense of EEC (which is funded through customer fuel bills), estimates of 
programme costs and carbon savings were made by the UK government before it began. And since 
energy suppliers are given credit for measures installed on the basis of how much carbon each is 
estimated to save, it is very important to the success of the scheme that the estimates of savings are 
reliable. Under previous phases of EEC a significant proportion of the savings have been achieved by 
offering incentives to encourage the purchase of low energy lights and appliances. Hence, following 
the publication of work on HRE, appropriate factors were used to estimating the likely carbon savings 
taking HRE into account and in setting the appropriate level of credit for each L&A measure that might 
be installed. In previous EEC phases (which were designed before this work on HRE), this had not 
been taken account of and is thought to have lead to overestimation of the likely savings achieved by 
L&A efficiency measures.  
 
Conclusions 
 
The HRE is a significant factor affecting the magnitude of energy, cost and carbon savings from lights 
and appliances. Ignoring it will lead in most situations to an incorrect estimate of savings. HRE tends 
to reduce the gross saving one might expect from more efficient lights and appliances in situations 
where space heating is more important than cooling, whilst taking into account HRE in warmer 
climates, where space cooling is the dominant load, will increase their savings.  
For the UK housing stock, figures have been derived to make it easier to take into account the effect 
of HRE on savings. They show that, typically, only around 60% of the expected carbon savings from 
reducing lighting consumption, and only about 68% of the saving expected from lower appliance 
consumption will be achieved in practice. This is because about 60% and 48% respectively of the 
energy they consume usefully heats the building they are in, so heating needs increase accordingly 
when that is reduced.  
It would be quite possible to use the same methodology described here to derive similar factors that 
are suitable for use in other countries and situations.  
Policy makers and programme designers should take account of HRE when considering the likely 
energy and carbon savings of their schemes. Failure to do so can lead to over-prediction (or even 
under-prediction) of the benefits, potentially causing incorrect decisions to be taken and misallocation 
of resources.  
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Abstract 
Reducing energy demand in residential sectors is an important problem worldwide. In Japan, the 
government and a large number of enterprises influence the people’s energy-saving behavior in 
offices and residential buildings through leaflets, Web sites, and TV programs that show simulation 
results of energy saving in the “average” house. However, in the case of households, there are 
various effects of energy saving because of the differences in life style and number of household 
individuals. In addition, the simulation results do not consider the change in benefits or the comfort of 
residents. The residents do not continue energy-saving activities that considerably reduce their 
benefits or thermal comfort. Moreover, if the energy-saving effects of two or more methods are similar, 
it is desirable to adopt the methods with the smallest reductions in benefits for residents. 
The authors are analyzing the influence of various energy-saving methods on energy-saving effects 
such as reduction in standby power, and benefits for residents based on data of measured power 
consumption. In this paper, at first the actuality of the standby power consumption of electric 
appliances in residential houses based on the monitored power consumption of the electric 
appliances in 100 households is described. And next, a method of reducing standby power 
considering differences in people's lifestyle and inclination with analytic hierarchy process (AHP) 
among consumers is proposed. 
 
 
1. Introduction and Background 
 
There are several methods of reducing the energy demands in residential houses such as home 
insulation and the use of efficient electric appliances. However, energy-saving activities of household 
members are also important. Ueno analyzed the effect of an energy information system that 
encouraged energy saving by providing household members with information on domestic energy 
consumption, and found that power consumptions of the houses decreased by 9% on average for 8 
houses [1].  
The government, the local government and various enterprises inform people of energy-saving 
activities through TV or leaflets. However, when people try to conserve energy or are encouraged to 
conserve energy, they cannot ignore the benefits they reap through energy-saving activities as well as 
the effects of energy-saving. Because people do not religiously observe energy-saving measures that 
reduce their benefit notably. It is important that energy-saving measures with high benefits should be 
adopted. 
The attitudes that influence their observance of energy-saving activities such as comfortability or 
concern for environment varies from person to person. Moreover, benefits that a person acquires by 
consuming energy or the level of depression of such benefits of energy-saving vary from person to 
person. We have analyzed the relationship between energy consumption and the benefits of 
consuming energy.  
Standby power has been paid much attention in the last years since it represents an apparent 
potential for energy saving [2][3]. In Japan, the Energy Conservation Center (ECCJ) estimated that 
the standby consumption was 308 [kWh/year], 7.3% of the power consumption of whole house [4]. To 
reduce standby power, there are two methods. One is the improvement of the hardware, such as 
electric circuit. Another is the energy saving activities, i.e., disconnecting the appliances from the 
outlet or changing the settings to be in “sleep mode”. Energy savings in operation times are not easy. 
For example, people have to stop watching TVs to save energy of TV in operating times. In standby, 
the appliances have the function such as timer, clock, however, it seems that the energy saving in 
standby is easier than in operation. In Japan, standby power of the appliances on the market is lower 
than the several years ago because of the improvement of the hardware, however, energy saving is 
also important because there are many old appliances in the houses. 
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In this paper, the power consumption of electric appliances on standby and the depression of benefits 
with the reduction of standby power are described and a method of reducing standby power 
considering differences in people's lifestyle and inclination toward the analytic hierarchy process 
(AHP) is proposed. Here, power consumption for keeping an electric pot warm and so on, is not 
included in the standby power defined by the International Energy Agency [2], however, it is included 
in this analysis because it is the power consumption during times when the consumer is not conscious 
of like the standby power. 
 
2. Standby Power in Residential Buildings 
 
2.1 Used Data 
The data used in this study are measured in monitoring projects by Prof. Tsuji’s research group for 
residential houses in a newly developed town in suburban Kyoto, Japan [5][6]. In the projects, power 
consumption, city gas consumption, and room temperatures were measured for 64 detached and 36 
apartment houses. The numbers of household members are 3-5 (married couple and 1-3 children). 
For electric power, the Load Survey Meter (LSM) measured active and reactive power for the whole 
house, the End-Use Meter (EUM) measured active power for each of the home appliances that 
consumed electric power, e.g., TV, audio visual, etc. The LSM was installed on the customer side of 
the watt hour meter near the breaker. The EUM was installed between the appliance and the outlet. 
The maximum number of EUMs that can be installed in a single house was 18. Accumulated power 
for every 30 minutes interval was measured. The measured period for each electric appliance was at 
least two months or so. Many appliances were measured all the year round. The data analyzed in this 
research is power consumption measured for each electric appliance by the EUM. The EUM counted 
the number of pulses over 30 minutes each of which corresponds to a unit power consumption. 
Weight of one pulse is 0.6 Wh. Surplus value is carried forward.  
 
2.2 Actuality of Standby Power 
Figure 1 shows the daily load curve of a TV, with three conditions, i.e., A) in operation, B) standby and 
C) 0W or disconnected from the outlet. The target of this research is the electric power during 
standby. Figure 2 shows the load duration curve of the same TV. Standby power was defined as the 
electric power that is larger than 0W and smaller than the threshold value shown in figure 2. For those 
appliances that have not been monitored throughout the year, annual standby power was estimated 
by using the measured data. Details of the method of estimation are described in paper [7].  
Table 1 shows the numbers of appliances and standby powers obtained for each appliance. For a 
large number of appliances, "Time B" was not identified because the appliances are always 
disconnected from the outlet when they are not used or their standby power is very small. It can be 
said that the amount of standby power consumption identified from the monitored data was 
considerably smaller than what we have expected, however, these are not wrong values. The results 
show that the appliances originally consume standby power, but the residents disconnected the 
appliances from the outlet or the appliances were in “sleep” mode to save energy. 
In table 1, the power consumptions of room heating and cooling appliances in the “On-Season” and 
“Off-Season” were distinguished because the characteristics of the usage of such appliances differed 
remarkably between the two seasons. TVs in the “Living Room” and “Other Rooms” were 
distinguished because their sizes and the numbers of peripherals (e.g. VTR) differed.  
Both the standby power and annual standby power consumption of personal computers, city gas 
water heaters and audio visuals are large. The standby power of the TV in the living room is larger 
than those of the TV in the other rooms. However, the annual standby power consumptions are nearly 
same for both appliances because the standby time of the TV in the other rooms is longer than that of 
the TV in the living room. The power consumption per standby time of the TV in the other rooms is 
four times as much as the TV in the living room. Therefore, it can be said that people can reduce the 
power consumption of the TV in the other rooms more efficiently than that of the TV in living room.  
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Table 1: Standby Power of Each Appliance 
 

Category Appliance Number of
Appliances

Number of
Appliances
(Threshold
Value Exist)

Standby
Power [W]*

Annual
Standby
Power
Consumption
[kWh]*

Energy
Consumption
per Standby
[Wh]*

Hot Carpet 49 1 2.0 0.56 2.5
Kerosine Fan Heater 47 25 4.0 6.49 29.1
City Gas Fan Heater 42 21 4.0 8.25 21.5
Kotatsu 34 1 2.0 2.13 5.8
Electric Heater 30 3 2.7 2.82 14.2
Electric Fan Heater 24 2 3.4 0.45 2.7
Oil Heater 3 1 4.4 1.10 54.8
City Gas Fan Convector 9 3 3.2 7.37 414.4
Heat Pump 226 84 5.2 14.04 169.2
City Gas Heat Pump 14 4 5.1 19.82 61.7
Electric Fan 31 14 2.0 1.07 9.3
Air Condistioner 11 3 2.5 0.92 48.0
Microwave Oven 109 55 6.0 43.98 85.6
Dish Drier 24 5 2.0 8.42 14.1
Dish Washer & Drier 20 6 2.1 5.45 23.7
City Gas Rice Cooker 4 3 3.1 3.44 8.2
Electric Bread Oven 3 1 2.0 1.25 49.0
City Gas Water Heater 101 100 10.2 72.16 77.6
Solar Water Heater 12 3 4.2 9.31 6.1
Electric Water Heater 2 1 5.9 12.03 23.1
TV (in Living Room) 107 77 10.7 48.36 55.7
TV (in Other Rooms) 85 34 7.1 43.32 213.3
Clothes Washer 92 17 2.2 7.86 15.5
Personal Computer 14 9 18.1 109.98 538.9
Audio Visual 10 5 10.9 84.77 257.4
Dehumidifier 4 2 2.0 3.92 15.5
Air Purifier 3 1 5.0 31.09 60.0
Vacuum Cleaner 1 1 2.0 9.72 52.4
Hot Carpet - - - 0.00 2.0
Kerosine Fan Heater - - - 0.85 853.1
City Gas Fan Heater - - - 1.11 1109.8
Kotatsu - - - 0.00 2.0
Electric Heater - - - 0.31 311.7
Electric Fan Heater - - - 0.09 86.0
Oil Heater - - - 0.03 31.8
City Gas Fan Convector - - - 3.86 3864.7
Heat Pump - - - 19.60 9802.1
City Gas Heat Pump - - - 18.03 9016.0
Electric Fan - - - 0.09 90.4
Air Condistioner - - - 13.65 13651.9
Electric Rice Cooker 73 64 23.3 88.84 213.7
Electric Pot 38 36 34.5 229.25 872.5

Others ** Heated Toilet 19 17 26.7 213.60 435.7
*   The average is taken over those appliances for which threshold value exist.
** Electric power for keeping warmth

Room Heating
(On-Season)

Room Heating and
Cooling (On-Season)

Room Cooling
(On-Season)

Cooking

Room Heating and
Cooling (Off-Season)

Room Cooling
(Off-Season)

Cooking **

Hot Water Supply

TV

Others

Room Heating
(Off-Season)
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3. Model of Reducing Standby Power with AHP 
 
The energy-saving effects of energy-saving activities differ according to standby power and the 
frequency of use of appliances. Moreover, the depressions of benefits from energy-saving activities 
differ according to the place of the outlet or the function of the appliance during standby. Therefore, 
the energy-saving effects and the depressions of benefit differ according to the type of appliance used 
and the lifestyles of the consumers.  
This research focused on the energy-saving effect and the depressions of benefit and developed a 
model for reducing standby power with AHP. AHP is the one of the methods for decision making 
developed by Saaty [8] and it can be applied to solving the problem containing qualitative elements 
such as a decision-maker's subjectivity or one's senses. The AHP model has several criteria and 
targets (alternative plans). The decision maker decides the weights of the criteria/targets by 
comparing them one by one.  
Figure 3 shows the hierarchical structure of the model. The purpose of this model (level 1) is to 
determine the order of the appliances for reduction in standby power. The second level (level 2) is the 
criteria for the model. The level has three criteria, i.e., 1) “user load”, 2) “energy saving”, 3) “function of 
appliance”. Each criterion is divided into level 3. Each appliance is called an alternative plan (level 4). 
“User load” means the load that people feel when they do energy-saving activities. To evaluate this, 
“energy-saving per activity” was defined. It is the power consumption that can be reduced by an 
energy-saving activity at one try. “Place of Outlet” was selected for the criteria because the place of 
the outlet influences the user load. For example, the outlets of most of appliances are inside the 
house but the outlet of the city gas water heater is outside the house.  
The criterion “Energy Saving” is based on the measured value described in table 1. In the criterion 
“functions of appliance”, the functions that the appliances have even on standby were selected for 
evaluation. All alternative plans have appropriate values for each criterion. If the consumers decide 
the weight of these criteria, they can determine the optimal energy-saving method. 
 
In this research, the three cases shown below were adopted. 
1. User load case: the decision maker considers that the reduction in user load is more 

important than energy saving and the functions of appliances. 
2. Energy saving case: the decision maker considers that the volume of the reduction in standby 

power consumption is more important than the user load and the functions of appliances. 
3. Function of appliance case: the decision maker considers that the functions of the appliances 

are more important than the user load and the reduction in standby power consumption. 
 

Level 1: Purpose of the Model

Level 3: Criteria 2

TV 
(In Living Room) Heat Pump Electric PotLevel 4: Alternative Plans

Level 2: Criteria 1 User Load Functions of 
Appliances

Clock

・・・ ・・・ ・・・

Place of 
Outlet

Energy-Saving 
per Activity

Keeping
Warmth Timer

Select the Appliances to Reduce the Standby Power

Energy Saving

Recording

 
Figure 3: Hierarchical Structure of Reducing Standby Power 
 
4. Results 
 
Figure 4 shows the result of each case. The ranking in figure 4 denotes the turn of selecting the 
appliance for reduction in standby power, i.e., to disconnect from the outlet. The appliances are 
ranked in terms of decreasing energy consumptions. In the “user load case” and the “energy-saving 
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case”, the appliances that have the function of keeping warmth, TV, and audio visual are on the upper 
side in the ranking. On the other hand, they are on the lower side of the ranking in the “function of 
appliance case” because the functions of the appliances are emphasized in this case. In the “function 
of appliance case”, the appliances that do not have functions on standby are selected. Personal 
computer and air purifier have high rankings in all cases.  
Table 2 shows the rankings of the upper 10 appliances in each case. Figures 5 and 6 show the 
annual reduction in power consumption and annual numbers of energy saving activities of these 10 
appliances, respectively. The reduction in the power consumption of the “user load case” is 89% that 
of the “energy saving case” whose reduction is the largest; the difference between both is small. 
However, the reduction in the power consumption of the “function of appliance case” is 20% that of 
the “energy saving case”. On the other hand, the annual numbers of the energy saving activities of the 
“user load case” is 76% that of the “energy saving case”, and that of the “function of appliance case” 
is 53% that of the “energy saving case”. It can be sound that people can reduce power efficiently in 
the “user load case”; on the other hand, the reduction in the standby power consumption of the 
“function of appliance case” was small compared with the annual numbers of energy saving activities. 
 
Table 2: Ranking of Each Case 
Ranking User Load Case Energy Saving Case Function of Appliance Case

1 Electric Pot Electric Pot Personal Computer
2 Heated Toilet Heated Toilet City Gas Fan Convector (Off-Season)
3 Personal Computer Personal Computer Air Purifier
4 City Gas Fan Convector (Off-Season) Electric Rice Cooker Air Condistioner (Off-Season)
5 Electric Rice Cooker Audio Visual Vacuum Cleaner
6 Microwave Oven City Gas Water Heater Dish Drier
7 Audio Visual Microwave Oven Clothes Washer
8 Air Purifier TV (in Living Room) Dish Washer & Drier
9 Air Condistioner (Off-Season) TV (in Other Rooms) Electric Heater (Off-Season)

10 TV (in Living Room) Air Purifier Dehumidifier  
 

514



 
Figure 4: Result of AHP Calculation 
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Figure 5: Annual Power Reductions in Each Case 
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Figure 6: Annual Number of Energy Saving Activities 
 
5. Conclusion 
 
In this research, the actuality of the standby power consumption of electric appliances in residential 
houses based on the monitored power consumption of the electric appliances in 100 households was 
analyzed and a method of reducing standby power considering differences in people's lifestyle and 
inclination with AHP among consumers is proposed. 
1. Annual standby power consumption and power consumption per standby time of each electric 

appliance were clarified. Annual standby power consumptions of personal computer, gas 
water heater were large. 

2. The method for selecting the appliances to reduce the standby power including the amount of 
energy-saving, the loads of the consumer and the functions of the appliances were developed 
using AHP. 

3. By using the method in 2., the appliances to reduce the standby power were selected when 
each of "User's load", "Amount of energy-saving", and "Function of the appliance" was valued 
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most. And an amount of the energy saving potential and frequencies of the energy-saving 
activities were clarified. 

 
The method developed in this research can be used to select the appliances to reduce the standby 
power by disconnecting them from the outlets or keeping them in "sleep" mode. And it will help the 
residents when they decide the place of the appliances for cutting standby power, e.g., power strips 
with switches on them. Furthermore, the method can be used in the algorithm of the system that 
induce residents to save energy, such as the energy information systems[1] or home energy 
management systems (HEMS) in the near future. 
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Abstract  
Energy efficient electric appliances and lighting are one of the keystones of sustainable energy 
strategies. As for most of these products a more or less homogenous European producer market 
exists, they offer high potentials for policies and measures at the EU level as well as at national levels 
in order to transform the market and the stock of these electricity-consuming goods. 
However, transforming the market to high efficiency white goods etc. could impose high additional 
investment costs on consumers, which could be a major obstacle for this strategy.  
Thus the success of a market transformation strategy depends on the proper timing of the market 
transformation in order to synchronize cost reductions and higher market penetrations of high 
efficiency appliances. To this end, the reasons for additional costs of current and future efficient 
technologies will be discussed and means to their reduction will be proposed. 
Based on a detailed annually disaggregated stock model of residential appliances and lighting for the 
EU25, Norway, Switzerland, Romania, Bulgaria and Turkey we analyse alternative paths of market 
transformation with regards to their effects on electricity consumption, greenhouse gas emissions, 
market volume and costs until 2030. 
The analysis shows that the expected decrease in the marginal costs of high efficiency appliances – 
which is correlated to (initially) higher costs, their current product life cycle and their market volume – 
is crucial for the additional investment costs of an electricity efficiency strategy and for achieving a 
least investment path to optimizing energy efficiency on the demand side. 
 
 
Introduction 
 
In the following we present a detailed scenario analysis on energy end use of domestic appliances in 
the residential sector in which a quantitative evaluation of the technical and the economic potential of 
energy efficiency is carried out1. The analysis comprises the EU-25 Member states, the EU 
Candidates Bulgaria, Romania and Turkey, and Norway and Switzerland on a state-by-state level. 
The analysis describes the development of the stock of appliances, the usage patterns, the electricity 
consumption and the relative costs of investment for consumers of lighting and major household 
appliances, namely refrigerators, washing machines, dryers, dishwashers and televisions. The time 
period considered is the years between 2000 and 2030.  
For this analysis five scenarios have been developed:  

• Firstly, a business as usual scenario (BAU), taking into account the effects of policies in place 
only.  

• Furthermore three policy scenarios are sketched, examining different policy mixes.  
• Finally, a scenario calculates the maximum saving potential of the above-mentioned 

residential appliances, assuming a rigorous cut into the market. This means allowing today’s 
best available technology only and pushing technology improvements strongly. 

The outcome of the analysis shows that huge energy savings vs. BAU are possible for all equipment 
examined. 
 
 
 

                                                      
1 This work was carried out using a model developed for scenario analyses in the LREM project (Long Range Energy 

Modeling) commissioned by the European Commission DG TREN. 
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Methodology 
 
The model used in this study is a sub-model of the Wuppertal Energy Scenario Modeling System2. It 
comprises a detailed stock model of the domestic appliances and lighting for every member state of 
the EU, Bulgaria, Romania, Turkey, Norway and Switzerland with a time horizon of 2030. 
 
Electricity consumption 
The model used is based upon the following crucial parameters. These are  

• Residential household number and size (persons per household),  
• Penetration rates of appliances (number of appliances per household) and  
• Utilization intensities indicating the intensity of use of the respective appliance. The indicator 

‘utilization intensity’ reflects the relevant parameters that indicate the use of residential 
appliances, e.g. size of refrigerator, number of uses of washing machines per week and 
average weight of laundry per cycle, using hours of TV-sets, number of light points per square 
meter and average usage per year etc. 

Starting from these data, the electricity consumption of the base year 2000 is modeled. The 
penetration rates of appliances are taken from country-specific studies, while household numbers are 
those of the “European Energy and Transport Trends to 2030” [4]. Utilization intensities for the base 
year mainly were developed based on the CECED report on Energy Consumption of Domestic 
Appliances in European Households [5]. 
Projections of penetration rates are based on country studies and historical trends, and have been 
modeled as depending on the developments of household size, income per household and general 
trends. For these projections historical developments of the German market and other more mature 
markets are applied to the projections for other markets where income, penetration rates and 
utilization intensities are still at lower levels. Trends observed in the more wealthy and mature markets 
have then been systematized and applied to the assumed developments in other countries. 
Furthermore, data of neighboring countries are sometimes adapted to each other where no data is 
available for one of them. 
Based on these data a stock model calculation is carried out, which allows the forecast of future 
electricity consumption up to the year 2030. In the model, which discriminates all appliances by year 
of commissioning and energy consumption class, new appliances substitute “old” appliances after a 
regular time period (life cycle) of fifteen years. These new appliances represent the average specific 
electricity consumption of the appliances sold in the respective year. By this methodology the energy 
consumption can be calculated for each year. 
For the model, all appliances are divided into twelve energy efficiency classes with different specific 
consumption rates (see table below). For the existing classes it is assumed that the average 
consumption of all appliances in the class equals, more or less, the upper limit as set in the respective 
EC-directives. This reflects the empirically proven fact that manufacturers typically try to be slightly 
above the minimum for one class rather than being in the middle.  
Dependent on different policy measures (low, medium and high cost), the breakdown of energy 
efficiency classes’ changes and shifts to more efficient classes the tougher the policies become. The 
energy efficiency classes and corresponding specific consumptions correspond to the official labeling 
scheme of the European Union. The breakdown of these classes is based upon current data from GfK 
(Gesellschaft für Konsumforschung). For the future the introduction of new energy efficiency classes 
is assumed. The development of these new classes naturally differs among the single appliances. For 
televisions, where no labeling scheme is in place at the moment, the division into energy classes has 
been undertaken by the same method as is used for the other appliances. 
 
 
 
 
 
 

                                                      
2  Details of the overall model as applied to Germany and to the EU have been published in [1], [2] and [3]. 
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Table 1: Average electricity consumption of appliances by efficiency class 

 

Refrige-
rators & 
Freezers 

Dishwashers 
 

Washing Machines 
 

Tumble Dryers 
 

Class Index* Index* kWh/ cycle Index* 
kWh/ 
cycle*kg Index* 

kWh/ 
cycle*kg 

A++++ 0.10 0.20 0.29 0.35 0.11 0.24 0.19 
A+++ 0.20 0.30 0.48 0.42 0.13 0.35 0.275 
A++ 0.30 0.40 0.67 0.48 0.15 0.46 0.36 
A+ 0.42 0.52 0.86 0.55 0.17 0.57 0.445 
A 0.55 0.64 1.05 0.61 0.19 0.68 0.53 
B 0.75 0.76 1.24 0.74 0.23 0.78 0.615 
C 0.90 0.88 1.43 0.87 0.27 0.89 0.7 
D 1.00 1.00 1.62 1.00 0.31 1.00 0.785 
E 1.10 1.12 1.81 1.13 0.35 1.11 0.87 
F 1.25 1.24 2.00 1.26 0.39 1.22 0.955 
G 1.40 1.36 2.19 1.39 0.43 1.34 1.05 
W 1.55 1.48 2.38 1.52 0.47 1.45 1.14 
X 1.70 1.60 2.57 1.65 0.51 1.55 1.22 
Y 1.85 1.72 2.76 1.77 0.55 1.66 1.31 
Z 2.00 1.84 2.95 1.90 0.59 1.77 1.39 
*) Average consumption expressed as Energy Efficiency Index as used for EU-Energy Efficiency Label; classes 
W – Z: own definition for modelling purposes of old stock; bold: existing classes in EU-labelling scheme; other 
classes: own projection   

Source:  [6] and own assumptions 

 
Costs and energy efficiency 
Figure 1 below shows that for dishwashers in 1990 a B-class appliance had an average market price 
of about 50 % more than a D-class one. This assumption holds true for washing machines also, both 
for the countries of the EU 15 and the new member states as table 2 shows. 
 
Table 2: Average prices for washing machines 

10 countries EU 15 (2002) 8 countries NMS (2004)
A-rated 578 336
B-rated 427 281
C-rated 365 271  
Source: [7]  

Cost data are taken from current GfK figures. For all appliances (except televisions) prices increase 
with the energy efficiency class, for example an A-rated appliance is on average typically more 
expensive than a C-rated one. The average price difference between a class B and class C 
refrigerator amounted to 39 € in the year 2002. The gap between class A and B appliances equalled 
88 € while an A+ appliance, due to according policies in place, was 115 € cheaper than an A 
appliance. The average difference between class A and B washing machines currently amounts to 
151 €, that between a B and C appliance to 62 €. However, it has to be noted that the price difference 
between an A-rated and a C-rated appliance may be also due to other factors than energy efficiency, 
e.g. additional features. 
For the scenario analysis it is assumed – based on historical trends – that in ten years an A-rated 
appliance would be available to today’s price of a B-rated appliance; the B-class appliance then will 
have the price of the C-class etc. This assumption is maintained for all appliances (except TVs) and 
for all energy efficiency classes. Figure 1 shows the development for dishwashers in Germany for the 
years 1999 to 2002, which supports the correctness of our assumptions. A similar trend is visible in all 
other countries, too.  
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Figure 1: Price Development of Dishwashers in Germany by Energy Efficiency 
Class  Source: [7], [8]. 
 

The price development of refrigerators can also be instanced as Figure 2 shows. 
 

 
Figure 2: Price Development of Refrigerators in Germany by Energy Efficiency 
Class Source: [7], [8]. 
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Figure 3: Price Development for Dishwashers (EU 30). Source: [7] 
and own calculation. 
 

The 10-year price shift assumption is rather conservative. Electrolux, the worlds biggest 
manufacturers of white goods, says that the average price of front loader washing machines in 
Germany has been cut by nearly half in the time from 1995 to 2005 from € 971 to € 504 [9]3. 
Nevertheless, energy efficiency has been improving in this time frame so that the assumption of a ten-
year price shift from one class to the next higher class seems to be a reasonable assumption. Due to 
the internal market of the EU member states a comparable development can be assumed for all other 
analysed countries, too. 
The background of this assumption is an application of the product life-cycle theory. More efficient 
appliances are normally more expensive than less efficient ones, as shown by empirical data [9]. 
Typically only one or just a small group of manufacturers are producing the most efficient appliances, 
and thus are able to get a market premium for their products. After some time, however, other 
companies are able to produce the same technology as well and sell the appliances cheaper. The 
price discount can be considered as a premium to be paid by these new producers to build up 
reputation. This market mechanism leads to a lower average price for the most efficient energy class 
and, naturally, for all other classes too. Figure 3 illustrates this development as assumed in the 
scenarios. Another mechanism is the fact that – as a part of the marketing strategy – energy saving 
features are often firstly reserved by the manufacturers to the premium appliances. Those appliances 
that are sold at a higher price have to have certain additional functions (among others also energy 
efficiency).  
For televisions, this scheme cannot be adopted because prices are – unlike ‘white goods’ – not 
correlated with energy consumption. Here other functions namely size, image quality, multimedia 
functions etc. determine the price. A price ranking concerning energy classes is therefore not 
reasonable. Also, electricity consumption differs mainly between different technologies (conventional 
TVs, LED/LCD technology, plasma technology), which also partly differ in other qualities that are more 
important on the market than energy consumption. 
 
 
Assumptions and Results by Appliance 
 
The following table gives an overview of key assumptions and core results for the BAU and maximum 
potential scenarios. 
 
 

                                                      
3  However, this trend has been stronger with lone-standing machines. For appliances integrated into a kitchen this trend has 

been much slower. 
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Table 3: Core assumpions and calculated results of BAU and maximum potential scenario 
Core assumptions Calculated results 

Lighting  
 Utilisation: 
o Number of light points per square meter  
o Calculated for each country depending on 

persons per household 
 Technologies: 
o Ordinary electric light bulbs, compact 

fluorescent lamps (CFLs) and Light-Emitting 
Diodes (LEDs) 

 Database:  
o DELIGHT study + country specific data 

 BAU Scenario: decrease of about 12 % for the EU 
15 in 2030 compared to 2000 levels, due to the use 
of more efficient technologies (CFL, LED), stimulated 
by current policies. In the New Member States 
(NMS) energy consumption from lighting will rise at a 
value of about 8%. 

 Maximum scenario (assuming the sale of CFLs and 
LEDs only from 2006 on): saving potential of nearly 
80 % for the EU 15 in 2030 compared to 2000. For 
the NMS savings of more than 72% possible. 

Refrigerators  
 Utilisation: 

o Calculation for a refrigerator of average 
size 

 Technologies: 
o BAU scenario: A+++ class from 2022 on.  
o Saving scenarios: A+++ enters the market 

earlier, class A++++ also appears.  
 Database: 

o Penetration rates are taken from national 
studies. 

 Increase in consumption through additional 
appliances relatively low due to high penetration rate 

 Technical progress, i.e. more efficient appliances, 
lead to significant reductions even in the BAU case: 
For the EU 15 a reduction of more than 43% (2030 
to 2000) is expected (ca. 47% for NMS and 42% for 
the EU 30). 

 The maximum saving potential reaches a value of 
more than 72% for the EU 15 and 74% for the NMS 
(EU 30: 71%). 

  
Washing Machines  

 Utilisation: 
o kg of laundry per cycle and cycles per year.

 Penetration: 
o High penetration level  

 Technologies: 
o Efficiency class A+ already exists today; 

further reduction is difficult.  
o Further energy savings likely to be possible 

with new technologies only 

 Major energy reductions hardly seem possible, due 
to difficulty of improving today’s already existing 
energy efficient technology. 

 BAU scenario: energy reduction of more than 28% 
(2030 to 2000) for the EU 15 and more than 19% for 
the NMS (EU 30: 23%).  

 Maximum scenario: nearly 40% for the EU 15, 35% 
for the NMS and 36% for the EU 30. 

Dryers  
 Utilisation: 

o kg of laundry per cycle and cycles per year.
 Penetration: 

o Penetration in households is expected to 
rise (less strong growth rate in warmer 
countries). 

 Technologies:  
o Efficiency class C with conventional 

technology 
o Further improvement to class A+ will take 

some time (year 2025 in BAU scenario) 

 BAU case: strong increase in penetration rates leads 
to heavy growth rates in energy consumption, esp. in 
the NMS. Here the energy demand will rise by a 
factor of 8 until the year 2030 compared to 2000 
levels. 
For the EU 15 an increase in energy consumption of 
62% is calculated for the same period, while for the 
EU 30 an increase of 81% is expected. 

 Maximum scenario: quasi stabilisation (plus 3%) in 
energy demand for the EU 15. 
In the NMS energy consumption will rise by a factor 
of 5, while for the EU 30 an increase of 15% is 
expected 

Dish Washers  
 Utilisation 

o Cycles per year 
 Penetration 

o Huge growth potential  
 Technologies: 

o Appliances of class A+ already on the 
market  

o No further improvement of the existent 
technology possible without different 
technology. 

 BAU scenario: growth in penetration rates leads to 
increased energy consumption. For the EU 15 
consumption will rise by 37% between 2000 and 
2030. In the NMS consumption will rise by a factor of 
nearly 6 in the same period, starting from a low level. 
In the EU 30 this figure results in an increase of 
more than 62%. 

 Maximum scenario: saving potential of 8% in the EU 
15, increase of energy demand in the NMS by a 
factor of nearly 3. Low energy demand increase of 
ca. 9% in the EU 30 
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Core assumptions Calculated results 

Television-on-mode  
 Utilisation 

o Viewing time per household and year 
 Penetration 

o The penetration rates of televisions are 
nearly at 100% in all countries 

 Technologies: 
o Traditional cathode ray, projectors, plasma 

and LCD televisions 
o Uncertainties about future developments 
o BAU case: plasma (50%) and LCD (40%) 

will be predominant in the market in 2030 

 BAU scenario: higher penetration of Plasma TVs and 
an increase in viewing times leads to clearly higher 
electricity consumption in 2030 than in 2000, namely 
an increase by a factor of ca. 3,5 in the EU 15, a 
factor of 2,9 in the NMS and a factor of 3,4 in the EU 
30 

 Maximum scenario: only LCDs will be on the market 
from 2006 on; this leads to a little bit more than 
stabilisation in consumption only. In particular, a 
reduction of ca. 5% is possible in the EU 15, 19% in 
the NMS and ca. 7% in the EU 30. 

TV-Stand-by  
 Penetration rates are the same as those used in 

the model of televisions on mode 
 Different standby power consumptions of single 

appliances dependent on their efficiency class 
 In the BAU scenario appliances with at most 0,1 

W will be introduced in 2025, while in the saving 
scenarios this improved technology will occur 
earlier.  

 Utilisation intensity: time in standby mode per 
year 

 BAU scenario: continuation of the trend of 
decreasing standby use 

 Decrease in consumption of more than 66 % for the 
EU 15 during the time period 2000 to 2030. In the 
NMS the reduction will amount to about 70%, in the 
EU 30 to 65%. 

 Maximum scenario: A-rated appliances will be 
abandoned from the market in 2006, A+ appliances 
in 2010 and that A++ will be left as single energy 
efficiency class from 2010 on. This would lead to 
energy savings of about 99% in 2030 compared to 
2000 levels for EU 15, NMS and EU 30. 

Source: own assumptions 

Comparison of scenarios and prices 
 
The following table shows that under BAU-conditions electricity consumption for those appliances that 
have increasing penetration rates or increasing use will increase significantly by 2030. On the other 
hand the consumption of refrigerators, washing machines, lighting and TV-standby will decrease 
because of increasing efficiency of appliances which more than compensates for increasing use of 
those devices. 
However, the total potential for efficiency, which assumes a strict policy towards allowing only 
optimum technology into the market within short time frames (see above), is much higher. The strong 
increase of consumption of dryers, dish washers and TVs could be mitigated to a more or less stable 
consumption while for the other appliances demand reductions between one third and almost 100% 
would be possible. 
 
Table 4: Change of electricity consumption of domestic appliances between 2000 and 2030, 

scenarios for the EU 
 BAU Intermediate 1 Intermediate 2 Full potential 
Lighting -8.18% -28.64% -63.45% -78.81% 
Refrigerators -42.01% -54.35% -63.30% -70.89% 
washing machines -23.26% -28.13% -32.64% -35.84% 
Dryers 81.03% 23.95% 15.94% 15.09% 
dish washers 62.79% 34.63% 16.38% 8.84% 
televisions on mode 240.09% 165.89% 14.38% -6.76% 
televisions standby -65.30% -92.37% -98.19% -99.03% 

Source: own calculation 
 
The intermediate scenarios try to sketch two pathways with policies and measures that are less 
ambitious but still more intensive than in the BAU-case. For these scenarios an analysis of additional 
investment costs for consumers have been carried out for refrigerators, washing machines and dish 
washers.  
The table for some European countries shows that the additional investments for the more efficient 
(and thus typically more expensive) of these active saving scenarios differ greatly by country. In the 
Netherlands with an already high market share of highly efficient appliances the additional 
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investments are much lower than in the UK, Poland and Turkey. The additional costs differ between 
the three appliances even more. For washing machines the additional investment is relatively low 
while for refrigerators and especially dish washers consumers have to face much higher investment 
costs, especially in the UK, Poland and Turkey. 
However, if it is assumed that due to the more rapid market change in the two saving scenarios the 
price decrease of the more efficient appliances will speed up to reach the price of the less efficient 
class to 8 or 6 years instead of 10 years it can be seen that the additional investment for consumers 
could be reduced to zero and, in some cases, could even be reduced. 
 
Table 5: Investment costs for domestic white goods compared to BAU for four European 

countries 
Increase of costs Saving 1 Saving 2 
vs. BAU NL UK PL TR NL UK PL TR 
refrigerators 32% 38% 15% 48% 38% 48% 24% 58% 
washing machines 3% 16% -22% 14% 17% 31% -11% 28% 
dish washers 35% 101% 111% 200% 50% 123% 135% 234% 

Source: own calculation 
 
Energy+ – a proven concept to get more efficient technology into the market 
for appliances and reduce price differentials for high efficiency technology 
 
The SAVE - 2E+ project on the procurement of very energy efficient white goods ran from April 
2002 until October 2004. It followed on from the first project (2000-2001) in which the feasibility of the 
Energy+ approach for white goods was tested on a small scale in the internationally operating market 
of cold appliances. 
2E+, a project on international co-operative procurement, has brought together supply and demand 
side. The supply side expanded the existing market by creating demand via retailers, wholesalers and 
many other supporting organisations that committed to the project for this purpose. On the other hand 
a stimulation of manufacturers took place to develop (mostly already available) concepts for more 
energy efficient, environmental friendly products. 
A team of experts, organised in national teams and a central co-ordination team, has been active for 
the project period. During the project when the ‘new label directive’ had come into place, energy+ also 
adapted their criteria and put forward the A+ and A++ categories, with energy+ as a supporting 
organisation in the background.       
Within the project powerful instruments have been developed and implemented: 
- The already developed multilingual dedicated website was enhanced to become directly 

accessible to local teams to add recent news. The website was equipped with an online 
registration tool for manufacturers to add newly developed qualifying appliances. 

- Informative semi-annual list-updates containing all newly qualified appliances and names of 
supporters, spread to all involved participants and press contacts. 

- A palette of information material, e.g. newsletters (multilingual), brochures, update leaflets, 
posters, was disseminated to support the exchange of information.  

- Participation in all kinds of local and international gatherings and participation in (dedicated) 
events, some of them organised for this purpose by the team, to exchange information and 
evaluate (improve) the process. 

- Implementation of a second energy+ award competition to encourage even more efficient 
appliances and highly successful marketing approaches on the participant’s side. This 
competition had its culmination at the final event at the 2004 Hometech fair, Cologne Germany. 

The energy+ approach resulted in a major breakthrough in using cooperative procurement. The 
qualitative co-operation with all major manufacturers resulted in a permanent change in their product 
portfolio.  
At the national level, the process of market transformation has led to the introduction of a large 
amount of new energy efficient cold appliances available in shops or other selling points (e.g. mail 
order companies). The rate of success has depended on the local circumstances like policy, 
economy, financial incentives, market structure and co-operation of local distributors.  
As regards the price differentials it could be observed that at the starting phase of the project the price 
for Energy+ (A+) appliances was much higher than for comparable A-class appliances, but this 
difference became much less during the project’s runtime. According to GfK-data [7] the price for A+ 
cooling appliances was even below the price for A-class appliances. 
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Furthermore it can concluded that Energy+ internationally has played an important role in the process 
to formulate a new Label Directive, containing new more energy efficient categories (A+ and A++). 
The publication of this new directive has had a catalysing effect again on Energy+, propelling the 
ongoing process of market transformation in the right direction. A vast amount of (free) publicity on 
local, regional, national and global levels created much awareness and thus more trust in the 
approach.  
 
Table 6: Energy+ results in brief (Spring 2004) 
Launched in 2000 

- 25 % - 45 % more efficient than basic Class A models (highest ranking 64% more efficient) 

- Number increased from 2 (1999) to nearly 900 (2004) different models at European level 

- 8 cold appliance categories 

- 21 manufacturers 

- 49 brands 

- 50 retail groups representing +15,000 retail outlets in the Energy+ retailers network 

- +1 million dwellings in Europe managed by 17 Energy+ institutional buyers 

- 46 supporters Europe-wide 

Multilingual website: www.energy-plus.org with online product database. 

As an overall conclusion it can be stated that the 2E+ cooperative procurement project, whilst 
focusing the stimulation of production and sales of very energy efficient cold appliances, has been a 
powerful tool to propel the ongoing process of market transformation forward in Europe (maybe even 
globally), resulting in a high rate of availability of very energy efficient refrigerators and freezers for 
households. 
 
Conclusion 
 
Energy efficiency in domestic appliances is an important cornerstone of strategies for sustainable and 
secure energy systems in Europe. Other analyses show that electricity savings in the residential and 
other sectors would be capable delivering about a third of the necessary CO2 emission reductions 
under a policies and measures scenario [1]. At the same time electricity savings are a key strategy 
element to achieve substantial emission reductions in the power sector. 
Our scenario analyses show that electricity consumption of domestic appliances in the EU25 is 
expected to increase in the BAU scenario due to increasing penetration rates e.g. of dishwashers and 
tumble dryers and partly increasing utilization intensities. These two effects are expected to 
overcompensate the efficiency improvement currently under way. 
However, by targeted and strict political action such as tough minimum standards (under the 
framework eco-design directive) improved labeling schemes etc. a maximum saving potential of 60% 
of the electricity consumption compared to BAU scenario could be achieved in 2030. However our 
analyses show as well that – with the current speed of technology development and price decrease of 
high efficiency appliances as compared to standard appliances –  such a scenario could put a greater 
proportion of the costs for the investment in more efficient appliances on private consumers compared 
to the BAU scenario. Even if this additional investment is balanced by substantially reduced costs for 
electricity the higher investment is and will be an important barrier against such a strategy. 
Sensitivity analyses show that speeding up the introduction of new high efficiency technology (and 
thus the price decrease) by about 25% will make a high saving scenario also the least investment 
scenario. This result shows that ambitious savings targets could become a much more attractive and 
realistic strategy when combined with a policy to speed up price decreases as shown e.g. in the 
Netherlands, where a rebate scheme for high efficiency refrigerators was responsible for transforming 
the market and reducing the average price for the most efficient appliances substantially below the 
average prices of lower efficiency ones. 
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Another important strategy is the Energy+ approach. By stimulating the demand side as well as the 
supply side, within a relative short time period a market transformation process towards energy 
efficient appliances can be achieved. 
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Abstract 
This paper presents the preliminary results of the residential monitoring campaign, which is being 
carried out in the scope of the EIE project REMODECE, whose overall objective is to contribute to an 
increased understanding of the electricity consumption in the EU-25+2 households for the different 
types of equipment, including the consumers’ behaviour and comfort levels, and to identify demand 
trends. The paper presents results on electronic loads, whose relevance is increasing significantly. 
Particular attention is given to standby consumption, which is generated by a large variety of 
appliances. From the measurements carried out it can be concluded that there is wide range of 
performance levels. 
 
 
1 - Introduction 
 
Although significant improvements in energy efficiency have been achieved in home appliances and 
lighting, the electricity consumption in the average EU-25 household has been increasing by about 
2% per year during the past 10 years. Some of the reasons for such increase in the residential sector 
electricity consumption  are associated with  a higher degree of basic comfort and level of amenities 
(particularly in the new EU member countries) and also with the widespread utilization of relatively 
new types of loads whose penetration and use has experienced a very significant growth in recent 
years. 
The overall objective of the REMODECE project is to contribute to an increased understanding of the 
electricity consumption in the EU-25+2 households for the different types of equipment, including the 
consumers’ behaviour and comfort levels, and to identify demand trends. This project will evaluate the 
potential electricity savings that exist in the residential sector in Europe, and that can already be 
implemented by existing means, like the use of very efficient appliances or the elimination/mitigation 
of standby consumption. The availability of high quality data is an essential condition for the definition 
of policy recommendations to influence through a combination of measures the energy efficiency of 
the equipment to be sold in the EU-25+2 in the next decade, as well as to influence the user 
behaviour in the selection and operation of that equipment. 
In this scope, the main objectives of this survey are:  

 Contribute to an increased understanding of the energy consumption in the EU-25+2 
households for the different types of equipment, including the consumers’ behaviour and 
comfort levels; 

  To identify demand trends; 
  Evaluation of the potential electricity savings that can already be implemented by existing 

means, like the use of very efficient appliances or the elimination/mitigation of standby 
consumption; 

  Analysis of market transformation for different types of equipment; 
  Policy recommendations for each type of equipment. 

The residential electricity consumption in 2004 for the EU-25 was close to 744 TWh and by 2015 is 
expected to significantly grow according to the following estimates by the IEA: 
 

Table 1: Consumption in 2015 
Consumption with the Current  Policies (TWh) 854 
Savings with LLCC (TWh) 293 
Savings (%) 34.34% 
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Efficiency policy can be used to target the most cost-effective level of efficiency (established through 
a life-cycle cost analysis [LLCC] and aiming at the technology improvement set at the least lifecycle 
cost) for appliances to be sold in the next decade.   
The impact of vigorous market transformation activities in the residential sector in EU-25 by 2015 lead 
to 34% % reduction of the electricity consumption in relation to business as usual), that is almost 300 
TWh by 2015. This electricity savings translate into about 150 million tons of avoided CO2 emissions. 
In terms of primary energy savings, considering that most of the electricity generation expansion is 
the EU will be done with natural gas CCGT, and assuming 10% transmission and distribution losses, 
about 60 Billion m3  of natural gas (most of which imported)  could be saved. These figures represent 
one of the most relevant cost-effective electricity savings potential in the EU.  
Different approaches for market transformation, in consultation with the most relevant market 
stakeholders, will be analysed for different types of equipment, leading to a set of specific policy 
recommendations for each type of equipment. 
In particular, in Western Europe the focus of investigation is on new electronic loads, whereas in 
Central and Eastern Europe the monitoring effort deals with both conventional loads and electronic 
loads. The idea is to take advantage of existing monitoring and surveys, by structuring the available 
data into a data base of the residential electricity measurements and consumption (per country and 
appliances), which are being updated with the project results. The monitoring approach  is the 
following: 

- In most Western European countries the consumption of the main domestic appliances, 
namely the load curve, and the peak power, is roughly known. Conventional “main domestic 
appliances” include cold appliances, washing machines, dryers, fans and lighting.  As an 
example of available data, Figure 1 and 2 show the Daily load curves for traditional home 
appliances (SINTEF), in a normal work day and in the weekend, respectively. 

- In Central and Eastern European countries there are no significant measurements on 
residential electricity consumption. Therefore it is essential for   the policy makers to have 
relevant data on electrical consumption for domestic appliances in this new (or soon to be) 
EU countries. 

- In all countries, four types of consumption seem to be rising particularly fast: 
• The domestic computer and peripherals; 
• New domestic entertainment; 
• Standby power; 
• Some lighting technologies such as halogen lamps.  The increasing number of CFLs  
          also deserves to be investigated 

Residential air conditioner loads are also increasing significantly in Southern Europe and their use will 
also be assessed during the project. 
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Load Curves for a Work Day
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Figure 1: Daily load profiles for traditional home appliances in a normal work day 
 

Load Curves for a Weekend
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Figure 2: Daily load profiles for traditional home appliances in a weekend day 
 
2 - End-Use devices in households – The overall picture  
 
Figure 3 shows the average electricity consumption per household in 2005, in each country of the 
study, in comparison with the average per household in Europe-OECD countries (4670 kWh/year). 
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Figure 3: Estimated residential electricity consumption in each country of the study, 2005 
 
The demand for electricity to power residential appliances and equipment does not appear to be 
slowing down. The increasing income of the population in general, and the increasing diversity of 
available appliances in the market, are causing people to use more and more appliances in the home. 
IEA estimated that, even with a continuation of all existing appliance policy measures, the appliance 
electricity consumption will grow by 13% from 2000 to 2010, and by 25% by 2020 [IEA, 2003]. 
 

 
Figure 4: Projected IEA residential electricity consumption by end-use with 
current policies [IEA, 2003] 
 
As it can be seen in the Figure 4, the fastest growing electric end-use is projected to be standby 
power consumption, or the consumption of electricity by appliances that are turned “off” or, that are in 
a low power consumption mode, (Standby, hibernate, sleep modes, etc.). According to IEA, by 2020, 
10% of total appliance electricity consumption in the OECD could be for standby functionality, which is 
currently unregulated in OECD countries. In contrast, electricity consumption for clothes washing 
declined by 9% over the 1990s. 
 

532



Although the electricity consumption of some end-uses is better known than others, Figure 5 present 
the  [Bertoldi]. 
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Figure 5: Disaggregation of the residential electricity consumption in EU countries 
by major end-use, in the year 2004 
 
The main focus of this paper is new electronic loads, such as entertainment, domestic computers, 
peripherals and communications. The present total EU consumption for home consumer electronics in 
stand-by is estimated to be about 36 TWh and is forecast to grow to 62 TWh by year 2010. 
It is generally accepted that the demand for information and communication services and 
technologies will sharply increase. The future power demand is more influenced by the technical 
improvements introduced in the equipments by manufacturers, mainly caused by voluntary 
agreements and programmes (such as EACEM TV agreement and the VCR agreement, Code of 
conduct for Digital TV Services, Code of Conduct on Energy Consumption of Broadband 
Communication Equipment, Code of Conduct on Efficiency of External Power Supplies and IEA Stand 
by Power Initiative). The power consumption is also caused by market demand, and by the 
behavioural changes resulting from the increasing awareness of consumers and the increasing 
number of electronic “gadgets” available in the market. Electrical and electronic equipment with stand-
by losses is a fast growing load (e.g. entertainment, information and communication technologies -
ICT, setop boxes-STB). All domestic equipment (including white goods) is likely in the near future to 
be controlled by electronic equipment, and will have the capability to communicate with other 
equipment. This situation will lead to an increase in the stand-by electricity consumption. 
It is important to investigate about the "other loads", which represent a large share of the total 
electricity consumption in the residential sector.  Therefore a further degree of disaggregation of that 
type of loads needs to be characterised, in order to understand those load profiles and to identify 
effective market transformation strategies. 
Based on a recent market survey carried out by CETELEM, the household electronic loads market 
increased significantly in the EU countries, in 2005. France is still the country with the highest budget 
per household for buying electronic appliances. [Observador]. Based on this survey and on a recent 
survey carried out in Germany [Schlomann, 05], the following tendencies emerge with regard to the 
development of the stock of ICT and electronic appliances in households up to 2015: 

 Audio devices represent an almost saturated market so that only a slight increase in the 
stock of such appliances is expected. 

 More than 75% of the households own more than one TV. About 25% of families have 3 
conventional TVs in Home. The number of televisions will keep rising to 2015; this 
increase is due to the growth in second or third TV sets. CRT TVs are gradually replaced 
by LCDs, plasma TVs as well as front and rear-projection televisions.  

 There will be a strong growth in the future in the number of set-top-boxes (STB) which are 
increasingly necessary for digital television reception. In particular, the switch of television 
technology from analogue to digital services leads to a stock increase in set-top-boxes 
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since a STB is required for each television set, i.e. for second and third TVs as well. 
Taking into account the set-top-boxes already needed today for pay TV reception, the 
total number of STBs (including SAT boxes) will increase several fold until 2015. 

 Appliances for recording audio-visual data (video VCR recorders, DVD recorders) have 
become prevalent in households in the past few years. It can be expected that the stock 
of DVD players will increase tenfold in the next ten years and that a rapid displacement of 
conventional video VCR recorders will take place. 

 The stock of video cameras or camcorders will increase by about two times, by 2015, and 
massive stock growth can be expected for digital photo cameras. However, a modest 
increase is anticipated for game consoles because market saturation is already becoming 
apparent in many EU countries. 

 Households are already almost fully equipped with fixed network telephones. However, 
within the stock, a clear structural shift has begun away from simple telephones to so-
called "smart phones", which are relevant for electricity consumption and feature many 
additional functions, as well as to cordless phones, consisting of a base station with 
message recording, and one or more handsets. This trend will continue in the future, 
especially for the households with higher incomes. 

 The number of mobile phones in most EU countries has grown enormously over the last 
five years, reaching almost saturation levels. A slight increase in mobile phone users is 
expected for the near future. In spite of the currently uncertain development of the UMTS 
system, this technology will gradually spread in the years up to 2010 and that the simple 
GSM devices will be replaced by UMTS. 

 The number of computers in households has been increasing significantly. A 40% 
increase is expected up to 2015 with the strongest growth in the number of laptops. The 
often observed trend towards mobile IT and telecommunications support can also be 
seen in the growing number of PDAs (Personal Digital Assistants). The total number of 
computer monitors is growing in parallel to the number of desktop PCs. Up to 2015, the 
cathode ray tube screens still common today will be completely replaced by the TFT 
(LCD) screens. The number of ICT peripherals that can be connected to the computers 
has been increasing and becoming more complex. The majority of peripherals are the 
standard equipment like printers and loud speakers, but the digital era has been changing 
the household habits, and besides PDAs it is common to find digital cameras, pen drives, 
mp3, etc., in many households, as the second largest group of peripherals to be 
connected to the computer.  

 Households with PCs now also feature printers as standard equipment so that the 
situation here is likely to evolve in the same way as for PCs. The sales of combined 
printer/scanner/copier devices (possibly with additional fax function) have also risen 
strongly recently. It is expected that the share of multifunctional devices will become 
largely dominant in 2015. 

Based on the annual sales, on the number of households per country and on the lifetime of 
equipment, it was possible to estimate the stock of appliances and the ownerships of the main 
domestic appliances and electronic loads, in 2005. It is important to note that these are conservative 
figures, and in some cases the penetration rates are most likely much higher. 
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Figure 6: Estimated average ownership rate by the main end-use by 2005 
 
3 - Definition of stand by consumption within this project 
 
There is not a uniform definition for the operating modes for electronic appliances, and several 
approaches have been developed worldwide (ACPI, Energy Star, GEEA, Ecolabel, etc.). However, 
taking this situation into consideration the Standby consumption in this survey will be based on the 
standard IEC62301. 
The final draft international standard IEC 62301 “House electrical appliances – Measurement of 
standby power”, published in June 2005, and its European on going transcription EN 62301, specifies 
methods of measurement of electrical power consumption in standby mode. It is applicable to mains 
powered electrical household appliances and to mains powered parts of appliances that use other 
fuels such as gas or oil. The objective of this standard is to provide a testing method to determine the 
power consumption of a range of appliances and equipment in standby mode, generally when the 
product is not performing its main function. 
According to this international standard, the definitions for standby mode and standby power are as 
follows: 

 The standby mode is the lowest power consumption mode which cannot be switched off 
(influenced) by the user and that may persist for an indefinite time when an appliance is 
connected to the main electricity supply and used in accordance with the manufacturer’s 
instructions. 

 The standby power is the average power in standby mode. 
The standby mode is usually a non operational mode when compared to the intended use of the 
appliance’s primary function. The measurement of energy consumption and performance of 
appliances during other operating modes or intended use are generally specified in the relevant 
product standards and are not intended to be covered by this standard. 
 
Based on the experience from some partners in the project, it was  found to be useful to measure two 
major standby modes for some appliances, like for example, TVs, DVDs, Power Supplies/Chargers , 
some domestic equipment, etc. Theses modes are: the Off-Mode and the   Standby Active Mode. The 
first, the Off-Mode is when the device is totally switched off (i.e. the power button is off, but the mains 
plug is connected). The later, the Standby Active Mode, is the mode when the device is able to 
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respond to outside commands,  such as when it is possible to use the remote control to switch on the 
equipment (i.e. typically is when the LED or display is still on).   
In addition to power monitoring, the project will also investigate the number of hours per day the 
appliances in each of the modes. This information is required, because it will give an insight about the 
people behaviour with equipment. In particular, regarding standby consumption, the two above 
mentioned modes can be assessed as behavioural standby vs. technological standby.  
 
4 - Data Collection 
 
The decision about what data to collect is very important for a cost-effective and reliable 
characterisation. Based on the already existing databases, enough data should be collected to update 
the existing information and gather new data. To estimate the disaggregation of electricity 
consumption by each major end use, the following methodology was selected: 

 Analysis of already existing studies, surveys, metering campaigns, databases, statistics, 
manufacturer's information, market information, etc., on energy consumption in the residential 
sector, focusing end-use equipment, operating modes;  
 Conducting households questionnaires (500 per country of the study). The questionnaires will 
be accompanied by expert interviews in most cases, and user behaviour will be addresses 
within this survey. 
 Conducting detailed audits in 100 households per country, focusing demand load profiles in 
real situations.  
 Conducting own measurements for a series of appliances/ end-uses, especially to determine 
consumption in the stand-by and off modes of operation, because the available data is still 
relatively poor in this area. 

 
The starting point of this study was to elaborate a detailed list of all the main end-uses to be analysed, 
in Eastern European Countries and in the old EU Countries, as well as the definition of the main 
modes of operation to consider for the monitoring of the different appliances.  
The list is divided into 4 main groups according to their main function: domestic computers and 
peripherals, new domestic entertainment, other standby loads and other loads, including lighting and 
air conditioning.  
 
4.1 - Characterization of the Electricity Demand of Electronic Appliances 
Several measurements have been carried out on the products available in the market in many 
installations and stores. A database was set-up, with the measurements carried out, and in a wide 
range of different types of end-uses. The following paragraphs present summary tables with the 
average power consumption for all the audited equipment in each considered mode of operation, for 
the domestic computers and peripherals loads, for the new domestic entertainment loads, and for 
other standby loads,  in each operating mode: On mode, Active Standby mode and Off mode. 
There is an increasing diversity of electronic equipment on the market, which makes more complex 
the characterization of its consumption. Figure 7 shows the average standby power for several 
entertainment appliances available on the market in 2006. These values were measured in a large 
number of appliances with dedicated low power wattmeters and are instantaneous measurements. 
The number of appliances involved in the measurements is indicated on each bar. 
Results from a major end-use metering project in four European countries [Eureco, 2002] assessed 
the standby power consumptions of the most important domestic appliances. Figure 8 presents the 
results of the measurements. Set top boxes and computers are among the appliances with the 
highest standby powers. Standby powers below 4 W mostly concern appliances with a clock (like 
microwave ovens), or the ones with a separate electric transformer (phones, answering machines, 
table vacuum cleaners, etc.) and the numerous alarm-clocks. 
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Table 2: List of the equipment type within this survey 
CRT Monitors 
LCD Monitors 
Scanners 
Desktop 
Laptop 
Printers 

Domestic computers and 
Peripherals 

Multi function printers 
TV - Conventional 
Plasma  TV 
LCD       TV 
Setop box 
Audio Compact  
Audio HiFi 
Home movie systems 
Game/playstation consoles 

New Domestic 
Entertainment 

DVD players and recorders 
Electronic alarm clocks 
Chargers for cordless phones and mobile phones Other stand by loads 
Cordless tools 
Microwave 
Refrigerator/Combined  
Freezer 
Washing machines 
Dishwashers 
Dryers 
Tubular (longer than 40 cm) fluorescent Lighting 
Compact fluorescent Lighting 
Incandescent Lighting 
Halogen Lighting 

Other Loads 

Residential air conditioning (Southern countries) 
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Figure 7: Distribution of the active standby power for some electronic 
appliances, [ISR-University of Coimbra, 2006] 
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STANDBY POWER OF THE APPLIANCES
Average observed active powers for each type of analysed appliance

0

2

4

6

8

10

12

14

16

18

R
ef

rig
er

at
or

-fr
ee

ze
r

Sa
te

lli
te

TV
 d

ec
od

er

C
PU

 +
 s

cr
ee

n

R
ef

rig
er

at
or

H
iF

i s
ys

te
m

VC
R

Fa
x 

m
ac

hi
ne TV

C
lo

th
es

 w
as

he
r

IS
D

N

C
oo

ke
r

D
is

h 
w

as
he

r

Ki
tc

he
n 

ov
en

An
sw

er
in

g 
m

ac
hi

ne

M
od

em

Sc
re

en

C
or

dl
es

s 
ph

on
e

M
ic

ro
w

av
e 

ov
en

Ta
pe

 re
co

rd
er

TV
 a

nt
en

na
 a

m
pl

ifi
er

To
ot

hb
ru

sh

C
lo

ck
-r

ad
io

Ba
tte

ry
 c

ha
rg

er

Al
ar

m
 c

lo
ck

G
am

es
 c

on
so

le

A
ct

iv
e 

po
w

er
 (W

)
EURECO

CECENERTECH  
Figure 8: Distribution of the standby power of the main appliances [EURECO, 2002] 
 
4.2 - Domestic computers and peripherals 
A recent market survey carried out in Portugal found that 57 % of households had a personal or 
laptop computer in the home in the year 2005. In most European countries this value is predicted to 
be similar or even higher. The ownership of several computers and laptops is strongly related to the 
presence of young people in the homes. 
 
Table 3: Power Consumption for each mode of operation of Domestic computers and 
peripherals 

 On 
Active 
Standby Hibernate Off Mode 

External Power 
Supply only 

 
mi
n Av. max 

mi
n Av. 

ma
x 

mi
n 

Av
. max

mi
n 

Av
. max 

mi
n Av. 

ma
x 

CRT Monitors   73     15           2         

LCD Monitors 
18,
9 44,4 

181,
7 0,5 1,5 5,1       0,2 0,9 3,2       

Scanners   16,0 18,0   4,0 6,0         2,0 3,0       

Desktops 
48,
0 

102,
2 

170,
0 

36,
9 68,3 

123
,0 4,0

13,
4 23,5 2,6 7,1 22,0       

Laptops 
38,
0 69,0 97,0 

22,
1 36,1 

55,
0 2,5

18,
5 41,0 1,0 3,5 8,1 0,3 0,5 0,8 

Printers (laser 
jet) 

87,
9 

179,
0 

270,
0 

13,
2 16,5 

19,
7       0,0 0,0 0,0       

Multi function 
printers                               
1 On mode: normal operation, the device is carrying out main function. 
2 Active Standby Mode: Energy consumption is reduced; the device is able to awake very quickly. 
3 Hibernate/Sleep Mode: Deep sleep mode, the device is suspend to disk; Energy consumption greatly reduced. 
4 Off-mode: Device is not carrying out any function, seems to be off but is consuming energy. 
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Figure 10: Power consumption of desktop PCs, for each operating mode 
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Figure 11: Power consumption of Laptops, for each operating mode, and for 
the power supply alone 
 
Laptop average consumption is 69W in active mode. The average Standby power consumption is 
36,1W, 18,5W and 3,5W in the Active Standby mode, Hibernate/sleep mode and off-mode, 
respectively. The power supply alone is responsible for 0,5W. The increasing number of personal 
computers and peripherals (e.g. printers, internet) in the homes will have implications in the 
residential electricity consumption, predominantly standby loads, because they are left on the standby 
mode during large periods of time. 
One important reason for the increasing number of personal computers and laptops in households is 
the widespread use of Internet. Internet access is a major driver for the accelerating growth of number 
of computers in the homes as well as their increasing number of operating hours. More than 50% of 
the European households had Internet connection in 2005. This percentage will likely stabilize in the 
year 2006 according to the global purchase intentions projected. France, UK and Germany are 
responsible for 60% of the total office equipment European market. [Observador, 2006]. 
Market transformation strategies towards energy efficiency, namely the Energy Star labelling initiative, 
have been very effective with office equipment. Laptop sales will rise and operating power will fall for 
a given household. The laptop market, in which autonomy is a key advantage, has largely driven 
reduced energy consumption of computers. There is a clear market differentiation in models that offer 
longer battery life and as a result companies have invested heavily in demand side reduction methods 
that encompass all aspects of computer technology. 
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4.3 - New domestic entertainment 
The penetration rate of conventional TVs is estimated to be 2 per house in 2005. LCDs TVs and 
Plasma TVs market is deploying as the prices have been decreasing significantly in the last few 
years. The electricity consumption of these appliances is related to the technology, the size of the 
screen and with the brightness. 
Regarding the developments in the proliferation of home entertainment in the last year, a recent 
market survey shows that Plasma TVs, LCD TVs and home movie systems, are increasing their 
market share, especially because the price has been falling. The REMODECE study will analyse the 
role of new technology currently entering in the market place, in terms of impacts in the residential 
electricity consumption, but savings should be concentrated in the standby mode in which they spend 
a large percentage  their operating time. 
Sales of DVD Players and Recorders appliances in 2005 is estimated to be 22 Million units for the 
EU-25 countries. There was a significant reduction in sales of videos (VCRs) suggesting that this is a 
replacement market for the near future. Table 4 shows the power consumption for each mode of 
operation of new electronic loads. 
 
Table 4: Power Consumption for each mode of operation of new electronic loads  

On Active Standby * Off Mode ** 

 Min Av Max Min Av Max Min Av Max 
TV - Conventional 32,2 83,9 185,0 0,5 3,5 12,0 0,0 1,5 6,6 
Plasma  TV 102,7 252,8 450,0 0,0 2,7 6,0 0,6 2,0 4,3 
LCD  TV 31,6 130,0 421,0 0,0 2,0 18,1 0,0 1,3 8,4 
Setop box   17,0 20,0   8,0 9,0       
Audio Compact    16,6   0,2 2,9 13,3       
Audio HiFi 4,0 14,3 40,6 0,2 8,2 37,6 0,5 2,5 5,3 
Home movie systems 8,9 28,4 150,5 0,0 3,6 12,6       
Game/playstation consoles   40,0           5,2   
DVD players and recorders 4,2 17,0 73,4 0,0 4,8 32,4 0,0 1,5 8,5 

* When the LED is still on, i.e. it is possible to use the remote to switch on.  
** Technological stand-by, when the device is totally switched off (i.e. the power button is off). 
 
Figure 12 shows the average power of domestic entertainment loads in the distinct operating modes 
and Figure 13 shows in more detail the average standby consumption.  
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Figure 12: Average power of domestic entertainment loads in the distinct operating modes. 
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Standby power of the Domestic Entertainment end-uses
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Figure 13: Average Stand by power of domestic entertainment loads. 
 
The main conclusions that can be drawn from the aggregated data presented in the Figures 12 and 
13, are: 

 The on mode consumption of CRTs is on average 84 W. The database gave an average 
standby load of 3,5 W for CRT TVs (56 models monitored). The variation in standby 
power consumption of CRT TVs range between 0,5W and 12W. Plasma TVs seem to be 
particularly energy intensive in normal operation, the average on mode consumption 
being 253W. The variation of the normal operation consumption can range from 100W to 
450W. The standby consumption in on average 2,6 W.  LCDs have a power consumption 
in normal operation of about 130 W (about half of plasmas) and the standby consumption 
in on average 2 W 

 The database gave an average standby load of 3,6W for home cinema systems with DVD 
players and recorder (57 models). The On consumption mode range from 9W to 150 W, 
depending on the brand and on the model. The Stand-by consumption mode can range 
from 0W to 24 W and the Off mode can range from 0W to 13 W. 

 The stand by consumption of HiFi and systems and of Setop boxes is high (around 8W), 
being the highest values in the list of end-uses. This is particularly important in terms of 
final electricity use because these devices are in the standby mode most of the time. DVD 
players and recorders, particularly the ones with hardisk, also have high standby 
consumption and stay in the stand by mode many hours per day. 

 Setop boxes are predicted to replace conventional forms of satellite receiver. Typically a 
Setop box consumes 20W in the on-mode and 9W on the Standby mode  in which they 
spend 80% of the time.  

 
4.4 - Other standby power 
There is a large number of small electronic appliances in the home with external power supplies 
(mobile phones, laptops, cordless phones, etc), most of which are always left on the socket. It is 
estimated that these devices stay in the standby mode during 8600 hours. The average power input 
of these loads in the stand by mode can vary from 0,8W to 4,8W. 
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Figure 14: Average power on Normal operation mode (On Mode) and on the Active Standby 
mode, of chargers and electronic alarm clocks. 
 
4.5 - Load Profiles 
In the REMODECE project load profiles are also being investigated, in order to better understand the 
consumer behaviour. Figure 15 and 16 show the daily load curves for some of the electronic loads 
that we can find in a house, in a normal work day and in the weekend, respectively. It is particularly 
worrying the availability of appliances, such as the DVD Recorder/Hard disk   which can have a very 
high consumption during all of the time. 
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Figure 15: Daily Load profile of Desktops PCs, LCD TVs and DVD Recorder/Hard disk, in a 
normal working day (SINTEF, 2006) 
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Load Curves for a Weekend
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Figure 16: Daily Load profile of Desktops PCs, LCD TVs and DVD Recorder/Hard disk in a 
Weekend day (SINTEF, 2006) 
 
5 - Conclusions and Future Work 
 
The availability of high quality data is an essential condition for the definition of policy 
recommendations to influence through a combination of measures the energy efficiency of the 
equipment to be sold in the EU-25+2 in the next decade, as well as to influence the user behaviour in 
the selection and operation of that equipment.  In the project a large monitoring campaign will be 
carried in 12 countries, accompanied by a consumer survey.  So far the measurements carried out 
have been concentrated in electronic loads, whose diversity and relevance is increasing fast. From 
the measurements carried out it can be concluded that electronic loads are a key contributor to the 
power demand and that there is wide range of performance levels in the models available in the 
market. Available technology, associated with responsible consumer behaviour, can dramatically 
reduce wasteful consumption of electronic loads. 
 
It is expected that based on the project results, to be conclude in June 2008, a better understanding 
of the residential electricity consumption will be achieved and strategies to achieve a desirable market 
transformations will be identified. 
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Abstract  
Lighting is present in every household and represents a considerable share of the electricity 
consumption in the residential sector in the European Union and Candidate Countries. Although most 
citizens are well aware that lighting is important part of their electricity consumption, they are still 
unaware or reluctant to install efficient lighting technologies. Most people are not aware that many 
types of traditional (and some new) lamps they use have very low efficiency and that installing more 
energy efficient lamps, could save large amount of energy and money while preserving or increasing 
the lighting service. 
The European Commission investigated energy consumption and energy savings in lighting since the 
beginning of the nineties, when a number of studies and pilot projects on lighting in the residential and 
tertiary sector were launched under the SAVE programme. These studies have resulted in a number of 
polices and programmes adopted to reduce lighting consumption. 
At the same time a number of successful governmental and utility driven programmes took place in 
most Member States to promote efficient lighting. These activities have resulted in a substantial 
market transformation in some Member States. 
However, there is still a large cost-effective saving potential of at least 11.5 TWh per year in the 
enlarged EU (or 12.6 TWh including Romania, Bulgaria and Croatia). With more aggressive policies 
the saving potential could reach 16.7 TWh and 18.7 TWh respectively. This savings can be achieved 
in a rather short time (e.g. by 2010), due to the fast turnover of lamps. The estimated savings do not 
include the additional savings that will be introduced by new promising technologies such as LEDs. 
The present paper provides updated information on the lighting consumption in the residential sector, 
the penetration of efficient technologies and the estimate of the saving potential, if new and innovative 
polices and programmes are introduced. In particular the role of promotional campaigns, efficiency 
requirements, building codes, and white certificates are discussed. 
Last but not least the paper calls for the collection of more accurate end-use data to assess in a more 
accurate manner the still available saving potential. 
 
 
The lighting electricity consumption in the residential sector 
It is not easy to compile accurate and comprehensive data on the total end-use consumption of 
individual equipment and appliances, as these are not usually separately metered. Bottom up 
engineering models together with end-used monitoring campaigns based on a sample of households 
or buildings are used to estimate lighting consumption. Top-down data reporting the national electricity 
consumption in the residential sector (in some cases even this is difficult to get!) is used to check the 
sum of individual equipment bottom up estimations. Lighting in the residential sector has been 
reported to consume 86 TWh per year in the EU-15 in year 1995 in the DELight Study [Environmental 
Change Unit]. The DELight study predicted an increase of residential lighting consumption to 97 TWh 
by 2010. More recently the European Climate Change Programme (EECP) [ECCP] and the 2004 JRC 
Status Report [JRC] calculated the following lighting consumption in the EU-15: 85 TWh growing to 94 
TWh by 2010, without additional and new policies and programme introduced. Waide [Waide] 
calculated 79 TWh in 2005 for the OECD Europe.  
A recent questionnaire with national energy efficiency experts reported the lighting consumption in a 
number of European Member States, as well as the average number of lighting points in households, 
the operating hours of the most used lamps and their wattage, and the penetration of efficient lighting 
technologies. Based on the experts’ answer the following lighting consumption were calculated: 77 
TWh for the EU-15 and 13,6 TWh for the 10 new Member States. 
The first important point is that lighting data is very scarce, as is most of the different electricity end- 
use data for the residential sector.  While it is easier to calculate the national consumption of large 
appliances such as refrigerators and washing machines is (equipment stock, user habit, and other 
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influencing factors are well known), with regard to lighting data about the power installed, the number 
of lamps, the burning hours is often missing.  
 
Table 1: national lighting consumption and CFL penetration data (data supplied by national 
experts) 

  

No. of 
Households 

(HH) 
[milion] 

Residential 
electricity 
cons. TWh 

Lighting 
consumption 

TWh 

Lighting 
consumption as 

share of total 
residential 
electricity 

consumption [%] 

Average cons 
lighting/HH 

kWh 

Number of 
HH with CFLs 

[%] 

CFL's/HH 
[including 
HH without 

CFLs] 

Lighting 
points/HH 

AT 3,08 16 1,1 6,875 357,14 70 4 26 

BE  3,90 18,20 2,23 12,23 343,22 70,50 2,50 26,00 

DK 2,31 9,71 1,36 14,00 589,00 65,00 4,90 25,40 

FIN 2,30 12,20 1,7 13,93 739 50 1 23,5 

FR 22,20 141,06 9,07 6,43 409 52 2,26 18,9 

GR 3,66 18,89 3,4 18 1012 50 1 7 

DE 39,10 140,00 11,38 8,13 310 70 6,5 32 

EI 1,44 7,33 1,32 18 1000 38 1,5 18 

IT 22,50 66,67 8 12 370 60 0,8 18 

LU 0,20 0,75 0,098 13 487,5 70 2 20 

NL 6,73 23,75 3,8 16 524 60 4 40 

PT  4,20 11,40 1,6 14,04 427 54 1,7 11,4 

ES  17,20 56,11 10,1 18 684 15 2 25 

SE 3,90 43,50 4,6 16 1143 55 2,2 22 

UK 22,80 111,88 17,9 16 785 50 2 20 

CZ 3,83 14,53 1,74 12 455,37 70 2,9 10 

CY 0,32 1,32 0,33 25 1040,7 79 2 16 

EE 0,60 1,62 0,45 28 753,81 20 0,25 6 

HU 3,75 11,10 2,775 25 740,48 60 0,27 18 

LV 0,97 1,47 0,41 28 424,16 18,8 0,42 20 

LT 1,29 2,07 0,62 30 479,72 20 0,25 6 

MT 0,13 0,60 0,15 25 1172,15 50 1 15 

PL 11,95 22,80 6,38 28 534,4 50 0,2 20 

SK 1,67 4,82 0,4 8,3 240,05 60 1,5 15 

SI 0,68 3,01 0,43 14,3 628,9 50 1 19 

BG 2,9 8,77 0,9 10 420 50 0,2 10 

RO 8,13 8,04 2,911 35,18 356,75 40 0,2 10 

HR 1,42 6,07 1,1 18,11 773,76 39 1 14 

 
Table 2: EU summary 

 

No. of HHs 
[milion] 

Residential 
electricity 
cons. TWh 

Lighting 
consumption 
TWh 

Lighting consumption 
as share of total 
residential electricity 
consumption [%] 

Average cons 
lighting/HH 
kWh 

Number of HH 
with CFLs 
[%] 

CFL's/HH 
[including HH 
without CFLs] 

EU-15 154,86 663,26 77,65 11,71 501,45 54,62 3,14 
New 
EU-10 25,18 63,32 13,69 21,61 543,54 52,10 0,77 
EU-25 180,03 726,58 91,34 12,57 507,34 54,27 2,81 
EU AC 11,03 16,81 3,81 22,67 345,54 42,63 0,20 
EU-28 191,06 743,39 95,15 12,80 498,00 53,60 2,66 
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In the EU-15 Member States the lighting consumption as share of the total residential electricity 
consumption ranges between 8% and 23% (if water and space heating are excluded from residential 
electricity consumption). The relation between lighting consumption and total residential electricity 
consumption depends not only on the efficiency of lighting but also on the efficiency of the other 
residential appliances, and the use of electricity for heating and water heating. A more interesting data 
is the average consumption per household, which ranges from 300 kWh (Portugal) to 1143 kWh 
(Sweden). This consumption reflects the size (square meters) of the household, the burning hours, 
and the penetration of efficient lamps (explaining the very low consumption in Germany and high 
consumption in Ireland). The data for Greece is still under investigation, as the specific household 
lighting consumption is very high (but similar to the one of Cyprus and Malta). Another important data 
is the average number of CFLs in household, ranging from 1 in Finland and Greece to 6,5 in Germany, 
where several promotion campaigns took place. In the new Member States the number of CFLs per 
household is substantially lower than in the EU-15 Member States, with the exception of the Czech 
Republic. 
 
Barriers to the penetration of efficient lighting technologies 
 
Several studies and reports have analysed the barriers to the introduction of more efficient lighting in 
households. Purchase price is still an important factor (the most important one), even with the much 
lower cost of CFLs today. This is mainly explained by the fact that customers still do not have clear 
information about the short payback periods. The price issue is closely related to the quality issue. In 
many countries consumers, who have tried earlier version of CFLs, experienced in many cases CFL 
failures before the claimed life time, thus creating mistrust on this technology. The other major barriers 
are of aesthetic nature, due to the shape, size and colour temperature of CFLs. Many of these barriers 
were created by older and bulkier CFLs, very often producing a very cold light, and having a slow light 
output stabilisation time (the slow rump up of the lighting output of older CFLs). Although all these 
aesthetic barriers have been removed (now CFLs come in different light temperature, in much smaller 
size and get to full output light in a very short time), the customer perception created by the older ‘type’ 
of CFLs is hard to be removed.  In addition the recent increase in the use of halogen lamps, in the 
shape of low voltage lamps, reflector lamps, and double ended high wattage lamps (for torchieres), 
limit the possible substitution of these type of incandescent lamps with CFLs, unless luminaires are 
replaced. 
In one recent survey in the German market customers were asked if they would purchase a CFL in the 
future. The same survey confirmed that the major barrier for CFLs is still the ‘high’ purchase price 
when compared to incandescent lamps, even though 96 % of interviewed people know that CFLs save 
energy, 86 % know that CFLs last much longer than incandescent lamps and even though 69 % know 
that the CFL has short pay back periods [Wilhelm, see Figure1].  
Another key barrier is the non perfect matching into existing fixtures, this is discussed later in the 
paper. The DEFU [DEFU] report has analysed in more details the above barriers. 

 
Figure 1: Consumers` attitude to install CFL in their households. 
Source: Forsa survey, published by Dena and Patrick-André Wilhelm 
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Existing Policies and Programmes at European Level 
 
The Energy Label 
Policies and programmes have been introduced to transform the market towards more efficient lighting 
equipment (just as for about any other end-use equipment and systems).  One of the first policy 
actions at EU level was to introduce the mandatory energy label for lamps. The relevant Commission 
Directive (98/11/EC) was adopted in 1998 and come into force in 1999. However to the contrary to 
white goods, where there is clear evidence that the energy labels were very effective in transforming 
the market, the lamp label has somehow been less effective. This is due to the fact that the label is not 
very visible (it is placed on the lamps package not always in the most visible position and often it is in 
black and white,). In addition the lamp label (see Figure 2) indicates something that is partly already 
known to the general public, i.e. that a CFLs is a much more efficient lamp (usually in class B or A), 
and that an incandescent lamps is a low efficiency lamps (usually in class G to F), with some halogen 
lamps a little more efficient (in class E).  
 

 
Figure 2: The mandatory energy label on lamp packages 
 
However there are still many barriers to the use of CFLs, such as price, size, colour rendering, time to 
stabilise the light output, and light temperature. As described later many of the above barriers have 
now been removed, but many customers have still many misconceptions about CFLs, and are not 
aware of the large economic savings and environmental benefits. 
 
The Eco label 
The European eco labelling scheme is a voluntary scheme designed to encourage businesses to 
market products and services that are kinder to the environment and for European consumers, 
including public and private purchasers, to easily identify them. The Ecolabel scheme not only 
promotes more energy efficient light sources, but also limits other pollutants and in particular the 
mercury content, an issue that has been hotly debated by environmentalists: the disposal of bulbs 
poses risks for the environment and health. 
Therefore in order to qualify for the European eco-label, light bulbs must not only be very energy 
efficient but must also offer the guarantee of a longevity greater than 10,000 hours and a performance 
greater than 70% beyond this time. 
Table 3 below summarises the Ecolabel criteria for CFLs. 
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Table 3 

 
 
The European CFL Quality Charter 
In the 90s national or local authorities such as energy agencies, electricity utilities and NGOs (e.g. 
Energy Saving Trusts) ran CFL promotion campaigns in many Member States. Some of the promotion 
campaigns were part of DSM or integrated resource planning programmes, DSM obligations (in DK 
and UK), or utilities initiatives to improve customer relations, and to have a positive impact on the 
environment (described in the following session). As part of a joint initiative by the European 
Commission DG XVII (responsible for energy) and Eurelectric1, it was decided in 1998 to invite 
European electricity supply companies to run promotional campaigns for CFLs.  
In this frame, European experts suggested to adopt some common quality criteria for the CFLs to be 
promoted. This was very important in order to overcome the barriers already indicated above. In 
particular one selling point for CFLs is that they last much longer than traditional incandescent lamps. 
Many CFLs coming on the market at the time were of poor quality, failing after a few thousand hours of 
usage and thus not living up to the claimed burning hours, one of the most important points in 
promoting CFLs from an economic point of view. As reported in the DElight study, one of the barriers 
to the larger market penetration of CFLs is the fact the lack of consumers’ confidence in the durability 
and continuity of CFL technology. As a matter of fact, not all CFLs available on the market have 
proved to perform as supposed. On the contrary, performance tests conducted in Belgium and 
Denmark showed big differences depending on lamp models [Berrutto].  
In addition beside the size (some of the earlier CFLs were rather bulkier and heavy), poor colour 
rendering, cold light and very long time before stabilising the light output created additional barriers to 
the use of CFLs. 
To address the barriers and raise consumers’ confidence, the European Commission services - in 
collaboration with Eurelectric and a number of private and public organisations, including the lamp 
manufacturer trade association the European Lighting Companies Federation (ELC) - defined the 
European CFL Quality Charter. The Charter was first issued in 1998 and went through revision in 
2002/2003. The European CFLs Quality Charter aims at creating commonly agreed quality criteria in 
Europe thus avoiding possible barriers to trade and also enlarging the market for CFLs meeting the 
common criteria. 
The CFL Quality Charter contains a set of voluntary performance criteria for self-ballasted, one- and 
two-part electronic CFLs with Edison screw or bayonet cap. CFLs with a magnetic ballast are 
excluded, as this is a less efficient technology. 
The Quality Charter lays down requirements as regards the following properties: 
• Safety  
•  Conformity of performance  
•  Efficacy  
•  Lumen maintenance 
•  Stabilised light output  
•  Ignition requirement  
•  Colour rendering  
                                                      
1 The European Trade Association of the electricity industry 
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•  Lifetime 
•  Information on package  
•  Guarantee to customers   
• Quality of production 
For each of the above-mentioned requirements, the Charter provides the exact references of the 
relevant measurement standards. These references, as well as the other Charter details, can be 
downloaded from Internet2. 
The Quality Charter specifications are expected to be revised on a regular basis. The number of 
ignitions and the package information are among the specifications, which might be subject to the next 
revision. Another point open to further discussion concerns the information on package. Several 
experts have suggested modifying the rules for comparing CFLs and GLS. They suggest to slightly 
increase the values in the table below (Table 4) left-hand column. At present, Table 4 is based on a 
1:5 efficacy ratio between GLS and CFLs. The experts suggest basing the comparison on a 1:4 ratio 
instead. Although this would generate lower savings per lamp replacement (as consumers would 
choose higher wattage CFLs), they claim it would increase customers’ satisfaction (as they would get 
slightly more light after replacement), resulting in a higher number of upgrades and thus larger 
cumulated savings. Changing the comparison scale is however not straightforward for industry as it is 
printed on every lamp package. 
 
Table 4 

CFL initial luminous flux 
claim (lm) 

Rated wattage(s) of 
equivalent GLS filament 

lamp (W) 
≥  214 
≥  386 
≥  660 
≥  874 
≥  1246 
≥  2009 

≤  25 
≤  40 
≤  60 
≤  75 
≤  100 
≤  150 

 
The CFL Quality Charter is a voluntary scheme. It is opened to lamp manufacturers, CFLs importers 
and retailers willing to comply with the Charter rules and market in the European Union CFLs that 
meet the Charter requirements. 
 
The European Design Competition “Lights of the Future” 
Develop dedicated CFL fixtures and helping the initial market penetration of these fixtures are the most 
promising approaches to achieving the long term goal of transforming the domestic lighting market and 
having a large penetration of CFL in each household. Many problems associated with the use of CFL 
in the existing fixtures could be avoided through the use of fixtures designed for pin-based CFLs. 
Dedicated fixtures optimise the light distribution and performance of CFLs and improve the cost-
effectiveness of installation (pin-based CFLs are cheaper than the integral ballast versions), as well as 
guarantee the energy savings, as incandescent lamps could not be retrofit. 
After discussion with experts and careful analysis it was agreed that in order to stimulate the 
introduction of energy efficient luminaires in the residential market, the best action was to launch a 
European design competition. With this action new models were to be designed, produced, and 
marketed. The purpose was also to match interesting design (something high on the private 
purchasers' list) with energy efficiency, which does have a very low profile with lighting customers in 
the residential sector. Moreover, if successful, the competition would break a vicious loop: since there 
is a very limited number of luminaires for the domestic sector using pin-based CFL, this lamp type is 
not usually available in retail outlets. By creating a demand for pin-based CFLs, it is hoped that this 
type of lamp would become commonly available in the EU shops and supermarket chains. Moreover 
there is a lack of suitably designed fixtures for the residential sector, representing an energy-saving 
opportunity that has not yet been fully exploited. On the contrary, dedicated fixtures are rather 
common in the professional/service sector (e.g. offices, hotels, etc.), where a price premium is 
demanded for this type of luminaires. 
It is also important to note that the current price of pin-based CFL is about half that of the integral CFL.  
Moreover this type of lamp will last at least twice as long as integral CFLs, and therefore will generate 
much less waste and therefore less environmental impact. 
                                                      
2 at the following address: http://energyefficiency.jrc.cec.eu.int. 
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The aim of the EDC “Lights of the Future” was to foster and to promote the design, production and 
marketing of attractive, well-designed dedicated fixtures, i.e. fixtures that could accept only pin-based 
CFLs. The competition entry designs were required to give the most innovative and attractive solutions 
to the presentation of this technology, in particular the selected designs had to look good decoratively, 
give an aesthetic lighting impact, and exploit new design, materials, and technology. 
The EDC entries could range from modern to classical luminaires. The products had to be suitable for 
the retail decorative market.  Emphasis was on well-designed products suitable for mass production, 
rather than 'one-off' architectural schemes. The technical requirements were: 1) to incorporate the 
ballast in the luminaire; 2) and not use retrofit lamps3. Products already in production, which were 
converted to take only pin-based bulbs, were eligible for the competition.  
The competition was open to all manufacturers, designers and students. It was important that large 
and well know manufacturers participate in the competition, as they could guarantee the production 
and marketing of the competition entry models. It was experienced in previous design competition for 
lighting fixtures that students and professional designers were also likely to come up with new and 
innovative ideas. However it was not always possible to guarantee that their original design would at 
the end of the competition be put in production. 
The EU competition covered five luminaires categories for the domestic sector using only pin-based 
fluorescent lamps: ceiling, walls, floors, tables and outside luminaires.  In addition each luminaire 
category was further divided in two (retail-) price intervals in such a way to cater to both ends of the 
market. In particular the floor category was intended to stimulate design, which would replace the 
halogen torchieres. The EDC "Lights of the Future" was organised by the European Commission twice 
in year 2000 and year 2002. After 2002 the EDC has been organised by a private organisation in 2004 
and more recently in year 2006. 
Although it is not possible to have sale figures or other indicators of the market transformation [Bertoldi 
2003] for the winning models of the first two competitions, from feedback from participants, winners, 
and market operators, it emerged that the EDC had some impact on designers and manufacturers. At 
least for the first time during major European fairs dedicated to decorative lighting such as …, there 
was a well-visited stand dedicated to energy efficiency. Several visitors and the press showed great 
interest for the competition.. Winning manufacturers are now mentioning energy efficiency as a sale 
element for their models. Therefore it is possible to conclude that a new attitude and awareness for 
energy efficiency has been introduced in the market, which previously was only concerned with design 
issues. The following EDC have reinforced this feeling and change in attitude, and the EDC has 
established itself as a key event in the calendar of designers and manufactures. 
 
Existing policies and programmes at national level 
 
Most of the national programmes and policies have been concentrated on the light sources, and in 
particular on CFLs. A number of CFL promotion campaigns have taken place in different Member 
States during the last ten years. The following session reports on the implementations and results of 
some national or regional CFL promotion and rebate campaigns. The below session is not an 
exhaustive list of all campaigns, nor does cover all EU Member States. 
In some Member States the promotion campaigns were linked to least cost planning or DSM activities, 
as was the case of some German Laenders, in Denmark, and other Member States. One example in 
Germany was the Bright North Rhine Westphalia DSM action [Thomas]. 80 utilities participated in the 
programme. As results about 500 000 CFLs were directly delivered to customers or bought via 
vouchers; in addition participants were motivated by the programme to buy additional CFLs. Also non-
participants increased their purchase of CFLs [Thomas]. Another interesting CFL campaign reported 
by Thomas was carried out by Stadwerke Hannover as part of a least cost planning project. Every 
customer could get a rebate of 5,11 Euro on every CFL bought [Thomas]. Most of incentive 
programmes in Germany by utilities for efficient appliances or CFLs were stopped by the end of 1999. 
In Denmark there has never been a specific obligation on utilities regarding CFLs promotion. 
However utilities have since the early 90s carried out several campaigns and at the end of the 90s 
some information campaigns were carried out together with the Electricity Saving Trust. It also seems 
that the level of CFLs in the residential sector has stagnated. The first report and investigation that 
was made 2 years ago, showed that 30% of the household have no CFLs at all and do not want to 
have them [Schalburg]. An evaluation of the CFL campaign in week 40-49 in year 2000 was 
performed in Denmark in 2001. The campaign was executed by ELFOR (representing all the utilities) 

                                                      
3   Screw based or bayonet type CFL. 
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and the Electricity Saving Trust. The reason for the campaign was that in 1999 the sales of CFLs 
were only 2% of the total sales of lamps [Kofod]. The campaign was a success with sales of 850.000 
CFLs in the 10 weeks of campaign and the sales of CFLs went to 4.5% of the bulbs sold in 2000. The 
campaign did have a positive influence on the average CFL price, which decreased from 10 to 6.5 
Euro. The campaign evaluation did find that it is very important to focus on the quality of CFLs 
because the variation between CFLs is very different [Kofod]. 
In Ireland the Electricity Supply Board (ESB) ran a promotion campaign in partnership with  CFL 
suppliers. The campaign covered all residential customers in Ireland. CFLs were promoted through the 
TV, radio, newspapers, outdoor promotions, and bill stuffers and lasted from 16 Sep 2000 to 13 Oct 
2000 The situation before the campaign was as follows: number of customers with CFLs around  266 
000 (1999) with an average number of CFLs installed/household equal to 2. The situation after the 
campaign: the number of customers with CFLs increased to 304 500 (2000) and the average number 
of CFLs installed per household to 2.5. About 60 000 CFL were sold during the campaign [Janeiro]. 
The case of Sweden is interesting.  CFL promotion campaigns started very early (e.g. Stockholm 
Energi in 1986, followed by six campaigns between 1988 and 1992) [CLIP]. In total at least 185,000 
CFLs were distributed. However, as reported by Persson [Persson], in 1997 the CFL penetration per 
household was one of the lowest in the EU Member States. In 1998 a new CFL promotion campaign 
together with a design competition was planned to bring the average number of CFL per household to 
3 by year 2000. This target has not yet been reached,  
In Spain the utility Iberdrola implemented in cooperation with several other parties from September 
1991 to April 1995 the DOMOLUZ programme for introducing CFLs into the residential sector. Around 
113 000 homes participated. This was more than the defined eligible participants (95,600 homes), 
giving a participation rate of 118% [Vreuls]. CFL sales in the programme totalled 315,000, giving an 
average use of 2.8 CFL/home. Iberdrola reports that one of the key factors in the programme’s 
success is the participation of different interested groups (consultants, manufacturers, suppliers, etc.). 
The company also reports that it is necessary to achieve a consensus on financing and programme 
costs. 
In UK the previously existing Energy Efficiency Standards of Performance (EESoP) running from 
1994 till 2002, introduced obligations on defined categories of utility companies to encourage and 
assist consumers to make energy savings and established the principle of pooled spending on energy 
efficiency for residential consumers. The funding arrangement for EESoP was based on a levy of an 
average of £1 per customer. Most EESoP funding was directed at schemes to promote CFLs (33%), 
followed by cavity wall insulation (27%). EESoP money was administered through the participation of 
customers, local authorities and others. Through this, another £39.2m was invested in energy 
efficiency measures. When this additional funding is taken into account, the emphasis on lighting is 
even more pronounced, accounting for 40% of all expenditure, with cavity wall insulation accounting 
for 23%. [Schiellerup]. By March 1998, at the end of EESoP1, about 7.9m CFL lamps had been 
subsidised under schemes overseen by the Energy Saving Trust. Assuming that all of these were 
installed and working, this would account for 50% of CFLs installed in UK homes in 1997. 
EESoP was replaced by the Energy Efficiency Commitment (EEC), which runs in 3-year cycles from 
2002 to 2011. EEC-1 program required that all gas and electricity suppliers with 15,000 or more 
domestic customers deliver a certain quantity of ‘fuel standardised energy benefits’ by encouraging or 
assisting customers to take energy-efficiency measures in their homes. The overall savings target 
was 62 fuel standardised TWh4 (lifetime discounted) and the total delivered savings reached 86.8 
TWh5 [39]. In EEC-2 (2005-2008) the threshold for obligation has been increased to 50,000 domestic 
customers. The target has been increased to 130 TWh. Figure 3 show the number of CFLs installed in 
the four round of efficiency obligation in the UK [Lees]. 
 

                                                      
4  Energy savings are discounted over the lifetime of the measure and then standardized according to the 

carbon content of the fuel saved. 
5  These are fuel standardised units although the savings from individual fuels are carbon weighted. Fuel 

standardisation means that each energy carrier is weighted according to his CO2 emission factor. 
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Figure 3: Average number of installations per year supported by energy suppliers in the 
first phase of the UK Energy Efficiency Obligation 
Source: Eoin Lees 
 
In the Netherlands, several CFL programmes were established following a decision in 1997 by the 
Parliament  requesting utilities to promote efficient lighting. Most of these campaigns included coupons 
for rebates of CFLs, or delayed payment for the CFL purchase through the bill together with 
information campaign. These activities have substantially increased the number of CFLs in the 
Netherlands. 
In France the CFL promotion was carried out mainly in the oversee departments (Departments 
d’Outre Mere), due to the high electricity production cost and the low electricity tariff (the same as in 
continental France). CFL were offered at lower price and/or paid (at reduced prices) through the 
electricity bill. A large number of CFLs were distributed in the DOM. Some regional programmes tool 
place in France(Corsica, Savoy, Nord Pas de Calais Region). 
In Italy the largest electricity suppliers ran a promotional campaign from March 2001 to the end of 
June 2001 to promote CFLs to all residential customers in Italy (more than 23 million residential 
customers). The campaign included: bill stuffers, posters and brochures. The campaign evaluation 
reported the following: before the campaign (2000) the number of customers with at least 1 CFLs was 
9,700,000. The situation after the campaign (2001) was as follows: the number of customers with at 
least 1 CFLs was 11,000,000. 
Recently in Italy an innovative policy mix has been introduced: command-and-control measures 
(energy savings targets in primary energy consumption for electricity and gas grid distribution 
companies with more than 100,000 customers as of end of 2001) are combined with market 
instruments (tradable certificates for energy savings issued to distributors and energy service 
companies), as well as with elements of tariff regulation (a cost recovery mechanism via electricity and 
gas tariffs) or dedicated funds in some circumstances [Bertoldi 2006]. Over the 5 years of the current 
phase of the scheme 3 million tons of oil equivalent (Mtoe) of cumulative primary energy savings are 
projected to be realised, of which 1,6 Mtoe by electricity distributors and 1,3 Mtoe by natural gas 
distributors. At least half of the target set for each single year is to be achieved via a reduction of 
electricity and gas end-use consumption (referred to as the “50% constraint” to which each distributor 
is subject). The remaining share can be achieved via primary energy savings in all the other end-use 
sectors. Energy savings projects contribute to the achievement of targets for up to five years (with only 
some exceptions). Only savings that are additional to spontaneous market trends and legislative 
requirements are considered. After a long process of designing and elaborating elements, the Italian 
scheme finally became operational in January 2005. It is expected that a large share of the annual 
target saving during the first years will be met by CFL promotion programs. 
Energy efficiency obligations without certificate trading are also in place in the Flemish region of 
Belgium. Regional utility obligations have been introduced in 2003 and are imposed on the electricity 
distributors: there are currently 16 electricity distributors covered by the obligation. The annual target is 
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0.58 TWh and eligible actions refer to residential and non energy intensive industry and service and 
can involve saving fuel from any sources. Separate targets are set for low voltage clients (<1kv) 
(mainly residential) and high voltage clients (>1kV). For the low voltage clients, the targets are 10.5% 
of electricity supplied over the 6 years from 2003 to 2008 and for high voltage users (>1kV) 1% per 
annum for each over the same period. The reason for the higher than 1% per annum target for the low 
voltage users is because of the Flemish Parliament’s decision to provide free vouchers for the head of 
every family in 2004 and 2005 which can be exchanged via the electricity distributor for either an 
energy saving CFL or a low flow shower head or an energy meter. In 2006 and 2007, it is planned that 
the other members of the family will receive a voucher for an energy efficient light bulb [Bertoldi 2006]. 
Several programs were also established in the New Member States and Accession Countries. One of 
the most successful programs was the Efficient Lighting Initiative (ELI), part of a global effort 
implemented by the International Finance Corporation (IFC) and funded by the Global Environment 
Facility (GEF). ELI it was active in three New Member States (Czech Republic, Hungary, Latvia). The 
ELI program was a market transformation program, its main goal being to accelerate the penetration of 
energy-efficient lighting technologies in emerging markets around the world. 
In the Czech Republic the ELI program started in 2001 and ended in 2003.  For households, a 
traditional TV and newspaper advertising campaign was launched combined with public relations and 
cooperation with producers and sellers of ELI-certified CFLs. Evaluation of the programme indicates 
that the ELI campaign had achieved significant changes on the Czech retail market [Dazek]. The main 
goals – boosting sales of CFLs and raising public awareness – were achieved with the following 
outcomes: 
•  an increase in annual sales of 15% above the natural market development; 
•  a 50% increase in awareness of the most important advantages of CFLs – from the established 

25% to 35–40% of the population. 
In Latvia a number of information and promotion campaigns were organised in cities of different size. 
Market survey after the campaign showed that CFLs had become better known during the campaign. 
Awareness of CFLs on average was raised by 13% (from 3% in bigger cities to 19% in smaller urban 
centres) [Blumberga].  
CFL technology is rather well recognised by customers in Hungary. The penetration rate is relatively 
high as compared to other European countries. To address the market barriers, a residential CFL 
campaign was launched by ELI-Hungary in co-operation with manufacturers, retailers, wholesalers 
and NGOs. The Program had to face the following main communication challenges: 
•  diffusing and counterbalancing the psychological barrier of high first cost; 
•  changing old lighting purchase habits; 
•  explaining the economic benefits of CFLs; 
•  emphasising the difference between high and low quality CFLs. 
The campaigns addressed awareness and information barriers to the adoption of CFLs by residential 
customers. In 2003 the foreseen CFL sales doubled as compared to 1999, of which 60% was 
produced by the three major lamp manufacturers [Turda].  
In Poland the Efficient Lighting Project (PELP) was a successful initaitive. Although CFLs were 
available in Poland before the PELP was initiated, significant barriers prevented their widespread 
acceptance: prices were high, and consumers were often unaware of the economic benefits of 
efficient lighting. PELP successfully used market-based program approaches to reduce these barriers 
and to increase consumer demand for CFLs in Poland. In Poland today, levels of CFL penetration are 
substantially higher, and the CFL market is much stronger compared with the situation back when 
PELP began in 1995. Direct subsidies have been competitively awarded to domestic manufacturers of 
qualified CFLs. Manufacturers and wholesalers were required to pass on full savings to retailers, who 
applied a standard percentage-based mark-up, passing savings on to consumers. This sparked 
demand for CFLs in Poland. 
As reported in many papers and evaluations of CFL programmes, most of these have been rather 
successful in most countries, with low implementation costs, high cost-effectiveness, and high 
participation. Of course CFL programmes have different size and duration, reaching different results in 
terms of market transformation. However in countries, such as in Germany and Denmark, where the 
programmes were rather large in size and continued over time, promotion, information and rebates 
were rather successful in achieving sustained market transformation. The programmes with the 
highest participation rates found that a combination of a rebate and a good marketing campaign 
worked best in attracting customers [Vreuls]. One German programme achieved one of the highest 
participation rates of all German CFL programmes by offering direct installation of a CFL, or one free 
coupon for a CFL, for each household, and supporting this by a convincing marketing campaign 
[Vreuls, Thomas].  
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DSM and energy saving obligations seems however to be much more successful in transforming the 
market, as is shown by the remarkable success story of the UK. It is expected that a similar trend will 
also be followed in Italy through the White Certificate Scheme. In 2005 ENEL, the largest Italian 
electricity distributor, gave out  2 million CFLs for free estimating energy savings of 170 GWh/year 
[Venafrio]. The CFL were in a special package specially created to draw attention to energy efficiency 
and was linked an energy efficiency campaign. 

 
Figure 4: ENEL CFL packaging for the 2005 
promotion campaign. Source: Venafrio 
 
Residential lighting saving potential 
 
There is still a large saving potential in residential lighting. To evaluate the remaining economically 
feasible energy saving potential detailed information is needed about: the number of lighting points, 
the typical power installed and the number of burning hours for the most used lamps, the number of 
existing CFLs (installed in households). This information is not easy to retrieve and it is coming from 
diverse sources such as national household surveys, end-use monitoring campaigns, and experts’ 
interviews. Once such  information is available, a stock model can be constructed. As far as the cost-
effectiveness is concerned, substituting incandescent lamps burning at least 1 hour per day (365 
hours per year) with CFLs is cost effective for households, even with the lowest electricity price for 
residential customers in the EU (in 2005 this was 0.0585 Euros/kWh in Malta), and assuming the price 
of 10 Euro for a 13 W CFL with a life of 6000 hours, while for the incandescent lamp price would be 
0.5 Euro and life of 1000 hours. Today much cheaper CFL are available (in the range of 3 to 5 Euro), 
and the average electricity price for residential customers including taxes is 0.1374 Euros/kWh. This 
makes CFL cost effective in almost every lighting point. 
The authors, in absence of a detailed residential lighting stock model, which is still under construction, 
have used two different scenarios to calculate the saving potential. In the first scenario, one additional 
CFL is added in each household, replacing one of the three longer burning hours lamps. This scenario 
could overestimate the savings in countries, which have already a high average CFLs penetration, 
such as Germany, Denmark, and the Netherlands. 
The second scenario assumes a cost-effective penetration of CFLs in each household equal to one 
quarter of the average national number of residential lighting points. A quarter of lighting points in most 
household certainly burning for more than 1 hour per day.  
As expected the overall savings are larger in the second scenario, reaching 18.4 TWh per year in the 
EU-28 compared to 12.7 in the first scenario. The second model is also more accurate as it takes into 
account that a number of CFLs that are already installed in each country and assumes that these have 
been installed to replace the longest burning lamps. For some EU-15 Member States with a high 
penetration of CFLs such as Germany and Denmark (but not in the Netherlands, due to the very high 
number of lighting points), in the second scenario the savings are considerably lower (by a factor 3), 
but in the author’s opinion more accurate. The largest saving potential is in Italy, UK, Spain and 
France. Most of the New Member States have larger savings in scenario 2, with the highest savings in 
Poland, Romania and Bulgaria. In the Czech Republic, there are no savings in the second scenario 
due to the already high penetration rate. 
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Table 5: Annual electricity savings 
 scenario 1  scenario 2  
 power of 

the 3 most 
used 
lamps 

[W/lamp] 

additional 
cfl's /hh's 
total per 
country 
[milions] 

Annual 
electricity 
savings 
[GWh] 

 average 
burning 

hours per 
day of the 

3 most 
used [h] 

25% from 
the lighting 

points 

aprox. of 
25% from 
lighting 
points 

(integer) 

existing 
cfl's/hh's 
(integer) 

additional 
cfl's /hh's 

[no] 

additional 
cfl's /hh's 
total per 
country 
[milions] 

Annual 
electricity 
savings 
[GWh] 

 

AT 60 3,08 158,51  3 6,50 6 4,00 2,00 6,16 65,20  
BE 60 3,90 200,71  3 6,50 6 2,00 4,00 15,60 417,09  
DK 40 2,31 73,35  3 6,35 6 5,00 1,00 2,31 24,45  
FIN 50 2,30 62,12  2 5,88 6 1,00 5,00 11,50 285,43  
FR 75 22,20 1234,90  2,54 4,73 5 2,00 3,00 66,60 1964,01  

GR 75 3,66 440,50  5,5 1,75 2 1,00 1,00 3,66 345,33  
DE 75 39,10 2568,87  3 8,00 8 6,00 2,00 78,20 827,75  
EI 95 1,44 236,03  6 4,50 4 1,00 3,00 4,31 345,12  
IT 70 22,50 1355,06  3 4,50 4 1,00 3,00 67,50 3087,90  
LU 60 0,20 10,29  3 5,00 5 2,00 3,00 0,60 19,27  
NL 50 6,73 227,22  2,5 10,00 10 4,00 6,00 40,38 427,42  
PT 90 4,20 600,94  5,6 2,85 3 1,00 2,00 8,40 1210,46  
ES 70 17,20 932,28  2,7 6,25 6 2,00 4,00 68,80 1750,93  

SE 70 3,90 156,59  2 5,50 5 2,00 3,00 11,70 308,90  
UK 65 22,80 1298,23  3 5,00 5 2,00 3,00 68,40 2197,01  

             
CZ 75 3,83 251,48  3 2,50 3 3,00 0,00 0,00 0,00  
CY 75 0,32 20,78  3 4,00 4 2,00 2,00 0,63 27,13  
EE 75 0,60 46,07  3,5 1,50 2 1,00 1,00 0,60 36,09  
HU 81 3,75 370,14  4,1 4,50 4 1,00 3,00 11,24 655,75  
LV 75 0,97 74,23  3,5 5,00 5 1,00 4,00 3,87 159,77  
LT 100 1,29 132,04  3,5 1,50 2 1,00 1,00 1,29 77,57  
MT 75 0,13 8,41  3 3,75 4 1,00 3,00 0,38 17,56  
PL 75 11,95 1046,47  4 5,00 5 1,00 4,00 47,78 2175,78  
SK 75 1,67 109,43  3 3,75 4 1,00 3,00 5,00 228,58  
SI 75 0,68 59,99  4 4,75 5 1,00 4,00 2,74 124,73  
             

BG 75 2,90 317,55  5 2,50 3 1,00 2,00 5,80 497,50  
RO 75 8,13 756,61  4,25 2,50 3 1,00 2,00 16,26 1185,35  
HR 75 1,42 186,80  6 3,50 4 1,00 3,00 4,26 195,10  

             
 

scenario1: 1 CFL more per household replacing an average main lamp 

scenario2: 25% of existing the lighting points to be CFL's, taking into 
account the already installed CFLs 
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Table 6: EU summary 
 scenario 1  scenario 2 
  

 

no. of 
additional 
CFL's 
[milions] 

Annual 
electricity 
savings 
[GWh]  

no. of additional 
CFL's [milions] 

Annual 
electricity 
savings  
[GWh] 

EU-15 154,86 9476,46  453,46 13214,00 
New EU-10 25,18 2119,04  73,55 3502,97 

EU-25 180,03 11595,50  527,01 16716,97 
EU AC 11,03 1074,16  22,06 1682,85 
EU-28 191,06 12669,65  549,06 18399,82 

 
Recommended new policy actions 
 
The authors recommend the establishment, or set-up of the following policies at EU or national level 
 
1. Launch a comprehensive European promotion campaign to introduce one additional CFL per 
household, to be installed in a place with long burning hours (more than 2 hours per day). This 
measure will be effective in most Member States and households as there are still a number of lighting 
points with long burning hours not covered by CFLs even in countries with high CFL penetration. The 
campaign could build on existing national and regional efforts and campaign, and could be linked to 
the climate change and security of supply issues, and in particular to the possible postponement of 
new power stations and transmission lines, an issue which is strongly felt by citizen at local level. 
Residential lighting is very often responsible for peak power consumption in the evening, and often this 
is provided by carbon intensive generation technologies. It is also very important that in such 
campaigns only high quality CFLs are promoted (i.e. CFLs which meet the requirement of the 
European CFL Quality Charter). Such a campaign could take place in the frame of and be supported 
by the Intelligent Energy Europe (IEE) Programme6. The Enerlin project supported by the IEE could be 
used to prepare the specification. Also public procurement could further promote the use of CFLs. 
 
2. Further reduce the CFL purchasing price. Although the price of CFL has significantly decreased 
over the years, there is still a substantial price difference between CFLs and GLS lamps, and 
especially for high quality CFLs. There are different ways to reduce the price gap. First the introduction 
of lower VAT rates for CFLs, and increased VAT rates on GLS. Second important methods are utilities 
incentives, rebates, and free give away, as part of DSM obligations, wire charges, and White 
Certificates. In particular an open White Certificate Scheme could allow other market actors (e.g. 
ESCOs, lamp manufacturers, retailers) to subsidise the CFLs and in such a way as to get certified 
energy savings to sell in the certificate market. Suppliers and distributors would be still in a better 
position, as there could be cost recovery mechanisms or the programme cost could be introduced in 
the electricity price. 
 
3. Introduce minimum efficiency requirements for lamps. This option would be possible in the 
frame of the new European Eco Design Directive. However this would be a rather drastic option, as 
lamps not meeting the efficiency requirement would be phased out of the EU market. The efficiency 
requirement could be gradually strengthened over time. At the beginning for example, phasing out only 
the low efficiency incandescent lamps. The initial threshold could be set at around 20 lm/W (allowing 
the best halogen lamps and the new LEDs) and gradually increase toward 50 lm/W (to be met only by 
fluorescent and other discharge technologies, and soon also by LED lighting). One possible alternative 
is to establish an agreement with the lamp manufacturers to reach some sales weighted targets for the 
efficiency of the sold lamps (a so called fleet agreement as exist for cars), with targets of 20lm/W and 
then increasing over time. However this approach presents great difficulties, as lamps are coming from 
many different manufacturers located in most cases outside the EU, and therefore it would rather 
difficult to have all or the majority of manufacturers to agree to it and supply very confidential data to a 
notary system to establish the fleet consumption. In addition it is rather difficult to determine sales for 

                                                      
6 More information available at: http://ec.europa.eu/energy/intelligent/index_en.html 
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the non-residential sector compared to sales for the residential sector, and it could be possible that a 
CFL sales increase would take place only in the non residential sector. 
 
4. Introduce ‘ban’ on sales of high wattage torchieres.  As already illustrated in the paper, an 
additional problem is represented by the very high wattage halogen lamps used in some increasing 
popular lighting fixtures in the residential sector, in particular the upright torchiere. These luminaires 
very often use lamps up to 300 W. A ban on sales of torchiere above certain wattage (e.g. 100 W or 
150 W) could be introduced in the frame of the EuP Directive. CFL based torchieres with the same 
lighting output as halogen based torchieres already exist in the market. To facilitate the introduction of 
the future proposed ban, rebate programmes for the CFL based torchieres should be introduced using 
the same mechanisms described in the point 2 above. In addition the ban could be introduced in 
advance by all public administrations in all levels, through their procurement specifications. 
 
 

                     
Figure 5: Example of torchiere 
 
5. Introduce more energy efficient dedicated fixtures. In the long term the best solution is to have 
in households all lighting fixtures, which can host only an efficient light source. At the present efficient 
light sources are pin based CFLs and some new low wattage metal halide lamps, in the near future 
also LEDs will be suitable for high efficiency dedicated fixtures. A first important step has been 
achieved with the European Design Competition “Lights of the Future”, which has created awareness 
for the issue in luminaire manufacturers and designers, and to a limited degree on end users through 
the associated exhibitions in major lighting fair. Dedicated luminaires shall be supported in the market, 
mainly through rebate programmes, funded through the above described mechanisms. In the UK a 
new scheme has been introduced D.E.E.L.S. – Domestic Energy Efficiency Lighting Scheme 
[Verdun]. The basic principle of DEELS is to retail energy efficient luminaires at the same price as the 
GLS equivalent luminaires. This is achieved by subsidising the lamp and ballast costs up to £4.90. 
Another important mechanism to foster the introduction of dedicated luminaires is through the use of 
building codes. Since 2001 the new Building Regulations (Part L) in the UK requires on average three 
internal fixed fittings (efficiency > 40lm/W) plus one external fixed fitting (efficiency > 40lm/W, 
alternatively lighting controls) in new built dwellings. Also public procurement could further promote 
the use of dedicated fixture in social housing. 
 
6. Support additional R&D activities in lamps. As already discussed new and innovative lighting 
technologies will change the residential lighting equipment. Beside smaller wattages induction lamps, 
already available, and metal halide lamps, offering high efficiency, newer fluorescent lamp such as 
cold cathodes and T1 fluorescent lamps are or will be soon available for the residential sector. In 
addition LEDs promise a new lighting revolution. However LED needs still R&D support before being 
able to reach or overcome the efficiency of present fluorescent lighting, at similar or lower cost. It is 
important that national governments and the EU institutions support lighting efficiency R&D projects, 
including future light sources for the residential sector. 
 
Conclusions 
 
Lighting consumes a significant amount of electricity, currently around 95 TWh per annum in the 
enlarged EU plus to Accession Countries, and consequently causes a large amount of CO2 
emissions. The energy saving potential is still very large, though over the last 10 years several 

558



national programmes have promoted CFLs, already achieving a significant penetration in households 
in some Member States. 
However, there is still a large cost-effective saving potential of at least 11.5 TWh per year in the 
enlarged EU (or 12.6 TWh per year including Romania, Bulgaria, and Croatia). With more aggressive 
policies the saving potential could reach 16.7 TWh and 18.7 TWh respectively. This savings can be 
achieved in a rather short time (e.g. by 2010), due to the fast turnover of lamps. There is no single 
‘silver bullet’ policy measure to reduce energy consumption. The paper recommends six key policies, 
which complement each other, especially due to the difficulties to introduce mandatory efficiency 
requirements for lamps. 
The authors in particular recommend the introduction of energy efficiency obligations for energy 
suppliers coupled with tradable White Certificates as one of the fastest and more effective policy 
action to transform the residential lighting market. This policy instrument fits very well with the 
liberalized electricity and gas market and the new national energy savings targets introduced by the 
new Energy Efficiency and Energy service Directive. 
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Abstract 
In 2000, RLW Analytics, Inc. conducted the California Statewide Residential Lighting and Appliance 
Saturation Study (CLASS).  The study included 1,250 on-site surveys representing all types of 
residential housing (with the exception of master-metered multifamily housing) throughout the state of 
California.  The purpose of the study was to understand baseline levels of appliance and lighting 
saturation and efficiencies in the existing residential sector.  The study collected data on the types 
and efficiencies of major appliances, HVAC equipment, lighting saturations and wattages, and 
housing characteristics (e.g., window type, insulation levels, etc.).   
In 2005, RLW completed another 1,000 residential surveys for a 2005 update to the original 2000 
CLASS.   Identical data were collected in order to allow RLW to conduct trend and comparison 
analyses of saturations and efficiencies between the two CLASS studies and to other studies of 
residential appliances. This paper discusses how the study was designed and implemented, as well 
as some reasons for and conjecture on some of they key trends. 
 
 
Study Goals 
 
The 2005 California Statewide Lighting and Appliance Efficiency Saturation Study (CLASS) is a 
follow-on study to the 2000 Statewide Lighting and Appliance Efficiency Saturation Study. Each of 
these studies were paid for by Public Purpose funds for the purpose of understanding current levels of 
appliance and lighting saturation and efficiencies in the existing residential sector.  
Subsequent to the 1999-2000 study, a tremendous amount of Public Purpose funds were invested in 
energy conservation programs that served customers of the four California investor owned utilities. 
These Public Purpose dollars were invested in a multitude of ways, all with the goal of achieving 
lasting energy savings in California’s energy markets. The overarching goals of the 2004-05 update 
study was to provide revised baselines of saturation and efficiency characteristics for use in 
understanding future energy savings potential and past accomplishments in the residential sector.  
 
The four primary objectives of this study were: 

Objective 1: Complete 850 onsite surveys of single-family, multi-family and modular homes 
in the service territories of the four California Investor Owned Utilities (IOUs) (another 250 
sites were completed for a California municipal utility). 
Objective 2: Develop a database of residential building characteristics, lighting and appliance 
saturations and efficiencies, expanded to represent the population of IOU customers. 
Objective 3: Develop a web-based tool to provide utility staff and other parties the ability to 
conduct “what-if” scenario analyses on the data collected. 
Objective 4: Conduct trend and comparison analyses of saturations and efficiencies between 
the two California Statewide Lighting and Appliance Saturation and Efficiency Studies, in 
addition to a comparison of results between the Residential Market Share Tracking Study 
(RMST) and the 2003 Residential Appliance Saturation Study (RASS). 

The following sections describe how these objectives were achieved. 
 
Methodology 
 
An evenly distributed sample of residential accounts was selected for each utility for each residential 
rate class offered by the four participating IOUs. Customers were recruited to participate in the study 
by phone, and each participant was paid $25.00 for agreeing to allow an onsite surveyor to visit their 
home to gather the required information. The onsite survey was implemented using IPAQ hand held 
personal digital assistants (PDA) and a specially designed application for collecting the specified 
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information. This approach provided fast and cost effective on-site data collection. A total of 850 on-
site surveys were completed between November 2004 and May 2005. 
While on-site, the surveyors collected data on the major appliances and lighting systems in the home. 
The surveyors collected nameplate data for eight major appliances: Refrigerator-Freezers, Self-
standing Freezers, Dishwashers, Clothes Washers, Clothes Dryers, Water Heaters, Heating 
Equipment, Spa/Pool Equipment and Cooling Equipment.  The surveyors collected lamp, fixture and 
wattage data for each lighting fixture within the home, as well as the front porch fixture. The on-site 
surveyors also collected data on attic, floor and wall insulation R-values, wall construction, and 
window type.  The survey also included a brief set of demographic and socioeconomic questions, in 
addition to a few questions regarding recent or planned remodeling of the home.  
As the data were collected, the surveyors uploaded the site data from the PDA units to RLW’s SQL 
database. The data underwent quality control measures and model numbers were matched to 
databases of appliance efficiencies. RLW used databases from the previous study, in addition to new 
data sources, including CEC, ARI, AHAM, and more. Once the model numbers were linked, the 
corresponding efficiency was assigned to the matched appliance. Matching rates varied greatly by 
appliance type and age. In most cases this was due to the comprehensiveness of the efficiency 
databases that were available for each appliance. 
 
Table 1 presents each appliance for which we collected data in 2004-05.  The table contains the 
following data in the column order listed below: 
1. Name of appliance, 
2. Number of each appliance found during all on-site visits, 
3. Number of model numbers found for each appliance, 
4. Number of model numbers matched to efficiency database(s), 
5. Percentage of matched model numbers among appliances with model numbers, 
6. Percentage of model numbers that surveyors were unable to identify on-site, 
7. Percentage of matched model numbers among all appliances recorded. 
For example, we recorded the presence 848 refrigerators.  During the on-site surveys, the surveyors 
were able to locate model numbers for 773 of those refrigerators.  Seventy-five of the 848 (9%) 
refrigerators had either an unreadable or a missing nameplate.  When the data were aggregated at 
RLW’s offices and linked to the refrigerator efficiency databases, only 530 of the 773 (69%) 
refrigerators with model numbers were matched.  Another way to look at the match rate is to consider 
the percentage of the total number of refrigerators (848) that were successfully matched (530), which 
for refrigerators was 63%.  This statistic combines the success rate of the matching with the success 
of the auditors in collecting model numbers.  A high match rate among the units with model numbers 
collected is less meaningful if the auditors were only able to collect data on a handful of units. 
 
Table 1: 2005 Model Number Match Rates by Appliance 

2005
Total Number 
in Database

(A)

Model 
Numbers 

Found
(B)

Model 
Numbers 
Matched

(C)

% Model 
Numbers 
Matched

(C/B)

% Model 
Numbers Not 

Found
(1-(B/A))

% of Total 
Matched

(C/A)

Primary Refrigerators 848 773 530 69% 9% 63%
Secondary Refrigerators 160 119 70 59% 26% 44%
Cooling Overall 490 266 167 63% 46% 34%
Cooling Packaged 99 47 34 72% 53% 34%
Cooling Split 230 188 118 63% 18% 51%
Cooling Win/Wall 65 15 6 40% 77% 9%
Clothes Dryer 680 644 21 3% 5% 3%
Heat Pump 27 13 10 77% 52% 37%
Heating 809 400 233 58% 51% 29%
Primary Freezer 164 109 51 47% 34% 31%
Dishwasher 583 559 148 26% 4% 25%
Washing Machine 696 602 106 18% 14% 15%
Water Heater 848 564 276 49% 33% 33%  
 
Based upon our experience with the 2000 study, we anticipated in the design stages of the project 
that the match rates would approximate what are shown in the tables and graphs above.  We knew 
that matching model numbers to appliance databases would be a long process.  One of the problems 
is that wildcards (*, /, #, etc.) are often included in the model number. The wildcards add to the 
complexity of the query designs and decrease match rates. The “layered” queries that we built 
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searched several databases for matching model numbers. Once the automated process was 
complete, a manual process of looking up the unmatched appliances was undertaken. 
Efficiency databases were exhausted using the above protocols for matching appliances. RLW is 
confident that the great majority of model numbers found on-site were matched if they appeared in 
any of the efficiency databases.  The problem with the low matching rates lies in the efficiency 
databases themselves.  Simply put, much of the equipment found in the state of California is not 
documented in publicly or privately available efficiency databases. Furthermore, the private data such 
as the refrigerator-freezer data that were purchased from AHAM were not in the best condition, and 
somewhat partial in content. 
It is important to understand that the appliance and equipment efficiency findings presented in this 
report do not account for degradation.  Most appliances (if not all) have been shown to degrade over 
time, the result of which can affect performance and energy efficiency. The efficiency information 
(e.g., SEER, UEC, EF, etc.) presented in this report is based on results from manufacturer 
compliance testing of new products to federal appliance and equipment standards. Therefore, 
efficiency data presented in this report is likely slightly higher than the actual efficiency, as equipment 
in this study operated under different conditions than the manufacturer compliance testing. 
The analysis for lighting and appliances is summarized in this report at the statewide level. Each site 
was given its appropriate case weight to project to the population or various subsections of the 
population.  Analysis queries were written in MS Access and processed using RLW’s Model Based 
Statistical Sampling (MBSS) software. The report contains numerous data queries, which for the most 
part are summarized by age bins, unit energy consumption (UEC) bins, efficiency, size bins and 
capacity bins.  
The data and analysis queries developed for this project can be accessed by any user wishing to do 
so. As a product of this study, RLW developed a web-based analytical tool that gives users the ability 
to “slice and dice” the data from the 2000 and 2005 studies. The California Residential Efficiency 
Saturation Tool (CALRESEST) allows users to explore this residential sector data in a myriad of ways 
that go well beyond what is presented in this “statewide” report. The tool can be accessed at 
www.calresest.com. 
 
Sampling Plan 
RLW utilized a proportionally allocated sampling plan to select the surveyed homes for inclusion in the 
study.  The table below shows the number of residences served by SCE, SDG&E, PG&E, and SMUD 
as well as the sample allocation by utility.   
 
Table 2: Sample Size by Utility 

Utility Population Planned 
Sample

Actual 
Sample 

(Appliance)

Actual 
Sample 

(Lighting)
SCE 3,907,843    355              354              353              

SDG&E 1,085,981    100              99                99                
PG&E 4,196,869    395              395              395              
SMUD 504,303       225              225              224              
Total 9,694,996    1,075          1,073          1,071          

 
For SCE, SDG&E, and PG&E, we allocated the sample by rate class for each utility by the proportion 
of the number of accounts in each rate class.  The sample includes at least one site from every rate 
class.  SMUD added funding for surveys after the statewide sample was designed and the project was 
underway, therefore their sample is not in proportion to the other utility sample sizes.  SMUD data 
were analyzed separately from the three IOUs and the results in this paper do not include SMUD 
data. 

563



  
Figure 1: Statewide Final Sample Location 
 
Data Collection 
The data collection component of the study was highly resource intensive, taking about seven months 
to complete.  The bulk of the on-sites were completed between mid-January and April 2005.  
Customers were recruited by geographic location.  A $25 incentive was offered to customers that 
agreed to participate in the study.  The recruiters scheduled appointments between the hours of 8AM 
to 8PM Monday-Friday and occasionally on Saturday.  The recruiting manager dispatched the 
information electronically to the field surveyors at the end of each day.  In all, 1075 sites were 
recruited to participate in the study. 
Each customer selected for the study received a letter from their utility provider before they were 
contacted by the recruiters.  The letter described the purpose of the research and gave them the 
option to call RLW or their utility provider to voice their interest or lack of interest in the study.  
Customer letters were instrumental to the success of the study and improved the overall completion 
rate from the previous study.  The recruiters attempted to contact each customer a maximum of five 
times.  If unsuccessful after the fifth call, the customer was replaced with a back-up customer and the 
site was designated ‘unable to contact’.   The statewide completion rate was 28%. 
The study team developed a list of data and data attributes to be collected during the on-site surveys.  
A palm top computer was given to each surveyor loaded with the software developed specifically for 
this project.  The software consisted of a series of screens to be filled during the course of the site 
visit.  The following data were collected at all sites by the field surveyors: 
 
Appliances 
Data were collected for heating systems, cooling systems, washing machines, clothes dryers, 
dishwashers, pools and spas, refrigerator/freezers, self-standing freezers and water heaters.  No data 
were collected on stoves or small appliances. 
1. The residents were asked for the age of each appliance.  If the resident did not know the age of 

the appliance, the surveyor would estimate the age or the appliance whenever possible. 
2. The classification of each appliance by type was observed from visual inspections of the 

appliances and recorded.  Appliance types that were noted include; standard or horizontal axis 
washers, refrigerator/freezer compartment configuration (freezer on top, freezer on bottom, etc), 
among others. 

3. Fuel types, such as electricity, natural gas or propane for heating systems, washing machines 
and water heaters were noted from visual inspection. 

4. The manufacturer, model number and size were taken from nameplate data when observable.  
If possible, sizes of some appliance were estimated in the case of missing, or unreadable data 
tags. 

5. Residents were asked to estimate the percentage of time in use for refrigerators and freezers to 
establish seasonal usage. 

6. Various features relating to energy efficiency were noted such as the existence of a through the 
door water dispenser for refrigerator freezers or insulation levels for water heaters. 

 
Lighting 
Every lighting fixture in each residence was inventoried by fixture type, number of lamps, lamp type, 
and lamp wattage.  Fixture control type was also noted for all fixtures in this study, as opposed to just 
for the porch fixtures in the previous study. 
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Insulation 
The insulation levels of the floor, walls and attic were obtained by visual inspection if possible.  Efforts 
were made to estimate the insulation levels through discussions with the residents and based on 
educated judgment (i.e. wall construction 2x4, 2x6, home age, etc.) when no visual observations were 
possible. 
 
Windows 
The surveyor recorded the predominant window frame construction, wood, metal or vinyl, found in the 
home was noted, as was the number of panes found of the predominant window type.  Low-E 
detectors were used to determine whether the window had a Low-E glazing. 
 
Demographics 
A list of demographic data was developed by the study team to be collected by the field surveyors.  
 
The following demographic data was collected: 
1. Type of residence 
2. Number of residents by age 
3. Primary language of residents 
4. Total annual income for the home 
5. Year residence was built 
6. Total heated floor space of the home 
7. Has the home been remodeled in last 10 years, if so what was the nature of the remodel (i.e. 

appliances, hard-wired lights, cosmetic, which rooms) 
8. Are there plans to remodel in the future 
9. Whether the residence is rented or owner occupied 
10. If rented, the party responsible for the utility bills, (owner or renter) 
These following results summarize some demographics of the sampled homes.  Over 45% of all the 
residences surveyed are single family, unattached, 1-story dwellings.  The second most commonly 
visited type of residence was single family, unattached, 2 story housing, totaling 19.7% of the sample.  
The largest percentage of homes, or 32.7% of homes, has 2 occupants.  However, it was also 
common to visit homes with 1, 3, or 4 occupants.  The average number of people per home is 2.8 
people.  Not surprisingly, English was the primary language spoken at over 83% of the homes.  
Spanish was the second most common language, with over 10% of all respondents speaking Spanish 
as their primary language.  The largest percentage of surveyed residents has an annual income 
between $25,000 and $50,000, totaling 21.5% of the sample.  Almost one-third of the homes 
surveyed were between 1,000 to 1,599 SQFT. 
 
Key Findings 
 
In this section we summarize some of the more interesting findings occurring at the statewide level. 
Findings are grouped by appliance and equipment type, lighting, and building characteristics. Readers 
can find additional information and details in the sections of the report that pertain to the topic of 
discussion in this section.  
Following this section is a comparison of the 2005 CLASS results to the 2003 Residential Appliance 
Saturation Study (RASS) and the most recent Residential Market Share Tracking (RMST) study. 
Overall, results from these studies seem to validate the majority of the 2005 CLASS study findings.  In 
addition, the following section provides a comparison of the 2005 CLASS results to the 2000 CLASS 
results.  Additionally, some of the interior lighting results are also compared with 2005 Residential 
CFL metering Study. Some very interesting trends that have occurred over the past 5 years are 
highlighted in that section. 
 
Lighting 
Data were gathered on all fixtures in the home and for the porch light. No other exterior lighting data 
were collected. The data collection parameters included collection of fixture type, number of lamps, 
lamp technology type and lamp wattage (if accessible). All of the indoor lighting data were 
characterized by room type. The 2005 study included wattage data collection, whereas the 2000 
study did not. All in all, 90% of wattage data were obtained.  
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Number of fixtures and lamps - The 2005 study shows an overall increase in the number of fixtures 
and lamps per home. Up from 20 fixtures and 34 lamps in 2000, current estimates show that, on 
average, homes now have 23 fixtures and 41 lamps. 
 
Fixtures with a compact fluorescent (CFL) – On average, 11% of all fixtures have at least one CFL; 
this is up from less than 1% in 2000. Although ceiling mounted fixtures are the most common fixture 
type, floor and table lamps are most likely to contain a CFL.  
 
Saturation of CFLs – The percentage of CFLs among all lamps has increased since the previous 
finding less than 1% of lamps were CFL; the current findings reveal this number has increased to 
nearly 9%. Of the numerous types of CFLs, spring lamp styles are the most common. In terms of 
homes with CFLs, 57% of all homes have one or more CFLs installed, as compared to the 2003 
Residential Appliance Saturation Study (RASS) which found that 51% of all homes contained at least 
one CFL and compared to the 2000 CLASS study which found that 12% of all homes contained at 
least one CFL. 
 
Location of CFLs – The most common room type to have a CFL are living rooms and bedrooms. 
About 24% of living rooms and 20% of master bedrooms and bedrooms contain a CFL. Dining rooms 
are least likely to contain a CFL, perhaps due to the higher preponderance of fixtures (e.g., 
chandelier, dimmer controls) that do not easily accommodate CFLs. 
According to the CFL Metering Study (KEMA, 2005), CFLs located in kitchens, living rooms, outside, 
and in garages are used the most, while those in laundry rooms, bathrooms, and hallways are being 
used the least. KEMA found that living rooms have the second highest hours of use of any room in 
the house (second to the Kitchen), which is also the room most likely (24% of homes) to contain a 
CFL.  
 
Average Lamp Wattages – The average wattage for incandescent A-type lamps is 64 watts, while 
the average wattage for spring type CFLs is 18 watts. The CFL Metering Study (KEMA, 2005) found 
that more than 90 percent of CFLs installed in residences are in the 13-to-26-Watt range and have 
screw-in bases and integrated ballasts, they also found that the most common wattage range is 13-17 
watts, similar to RLW’s finding of 18 watts. 
 
Refrigerators 
Data were gathered for primary, secondary, and tertiary refrigerators. Since the last study, the number 
of homes with secondary refrigerators has slightly increased, up 5% from the previous finding of 14%. 
Only 1% of homes have a third refrigerator. 
 
Primary Refrigerator Age – Previously, the 2000 CLASS study found that 34% of all refrigerators 
were reported to be 16-30 years old; in the 2005 study we found a tremendous reduction in primary 
refrigerators of this age, new findings suggest that only 5% are 16-30 years old. This is likely due in 
part to the aggressive refrigerator recycling and rebate campaigns offered by the IOUs. Based on 
manufacturer data obtained through the model number matching process, the overall (groups all 
types of refrigerators) average age of refrigerators is 6.6 years. This compares closely to the self-
reported age data, which estimates the overall average age to be 7.4 years old. Previously, the 
average age of primary refrigerators was estimated to be 9 years old.  
 
Primary Refrigerator Nameplate Unit Energy Consumption (UEC) – The overall average 
nameplate UEC for primary refrigerators is 721 kWh/year. This estimate is down from a nameplate 
UEC of 913 kWh/year in 2000. This equates to a 21% efficiency improvement. These encouraging 
results are likely due to new federal energy standards and utility rebate and recycling programs.  
 
ENERGY STAR Qualified – Overall, 7% of all primary refrigerators qualify with the 2004 ENERGY 
STAR standards, while 23% of all refrigerators meet or exceed the 2001 ENERGY STAR standards. 
In 2000, only 1% of refrigerators met the 2001 ENERGY STAR standards. These findings suggest a 
significant boost in the adoption rate of ENERGY STAR refrigerator products by consumers. This is 
likely due, in part, to ENERGY STAR promotional campaigns and incentive programs aimed at 
achieving a greater market share of ENERGY STAR qualifying products.   
 
Age and Efficiency of Secondary Refrigerators – In 2000 the average age of secondary 
refrigerators was 13 years, the current estimate is nine years old. In terms of nameplate UEC, the 
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2000 study estimated that secondary refrigerators use 1,034 kWh/yr, the 2005 findings estimated 
secondary refrigerators use about 731 kWh/yr, a 29% reduction in annual energy consumption. On 
average, secondary refrigerators are 3 cubic feet smaller than primary refrigerators (22 vs. 19).  
 
Self Standing Freezers 
Nearly 19% of homes have a self-standing freezer for food storage. This finding is up 2% from the 
previous study. Upright freezers constitute the majority of freezer types (65%); chest style freezers 
make up the rest. Freezers have on average 13 cubic feet of storage space, and upright freezers tend 
to have twice the storage space when compared to chest type freezers.  
Freezers do appear to be consuming less energy when compared to the previous study findings. 
Currently, 16% of freezers use 10% or less energy than the 2001 federal freezer standards, 
compared to 2000 when 9% of freezers consumed 10% or less energy than the 1993 federal 
standards. This is likely directly correlated to the finding that the overall average age of freezers has 
decreased from 14 years to 12 years. 
 
Clothes Washers 
The amount of homes with a clothes washer remains virtually unchanged; up 3% from 2000, it is now 
estimated that 82% of all homes have a clothes washer. Washers are least common in apartment 
buildings, where about 35% of individual dwelling units have a washing machine.  
 
Clothes Washer Type – Nine percent of all machines are horizontal-axis, the remaining 91% are of 
the standard type.  The low saturation of horizontal-axis washing machines suggests that these types 
of machines continue to be unaffordable for the majority of Californians.  
 
Clothes Washer Age – Fifty-six percent of washing machines are less than five years old, while 80% 
are less than ten years old. The average washing machine age is 6.7 years old, as compared to 2000 
when the average age was estimated to be 7.4 years.  
 
Clothes Washer Efficiency – In 2004 federal standards switched from rating clothes washer 
efficiencies from Energy Factor (EF) units to Modified Energy Factor (MEF) units. The change was 
made due to differences in the amount of water extracted from the clothing between different models. 
The MEF accounts for these differences, which have an impact on the energy consumption of the 
clothes dryer. The efficiency databases used for this study to determine model efficiency only had 
MEF for a very limited number of horizontal-axis washing machines, therefore we continue to present 
efficiency in terms of EF.  
The average EF for standard washing machines is 1.22, closely related to the 2000 finding of 1.26. 
Horizontal-axis units have an average EF of 4.13, an improvement over the 2000 findings of 3.95.  
 
Clothes Dryers 
Overall, 80% of homes have a clothes dryer. As one would expect, this saturation estimate closely 
compares to the saturation of washing machines. Clothes dryer fuel saturation remains virtually 
unchanged from the previous study; findings indicate that 57% are gas, 41% are electric and less 
than 2% are propane. The average age of clothes dryers is 7.6 years old, compared to 2000 when the 
average age was 8.4 years.  Dryer efficiencies were not summarized since dryer efficiency databases 
continue to be scarce and incomplete.  
 
Water Heaters 
Data were gathered on many water heater characteristics, including system type, size, age, efficiency, 
fuel type, output, and insulation. The following summarizes some of the key findings related to water 
heating equipment.  
 
Water Heater System type – The most common system types are gas storage systems. This finding 
remains unchanged from the previous study. However, a slight emergence of instantaneous natural 
gas systems was identified, 1.4% of homes have one of these systems, whereas previously this 
system type had virtually no market share.  
 
Water Heater Efficiency – The average energy factor (EF) for 40 gallon gas water heaters (the most 
common type) is 0.58, compared to the previous finding of 0.57. This compares closely to the current 
federal standard for 40 gallon systems of 0.58. The average EF for electric water heaters remains 
unchanged from the previous study at 0.89.  
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Water Heater Age – The average age of water heaters has dropped somewhat, from 9 years old five 
years ago to 7 years old currently. This finding explains the slight increase in efficiency, since newer 
systems are generally more energy efficient than older systems.  
 
Cooling Systems 
As in the previous study, the 2005 results confirm that about half (53% in 2005, 52% in 2000) of all 
homes have some type of cooling system. The majority of cooling systems are central systems, 86%, 
up 8% from five years ago, which found that 78% of all cooling systems to be central.  As a result, the 
saturation of space systems has dropped, moving from 22% five years ago to the current estimate of 
14%.  
 
Cooling System Type – The data reveal an increase in the most common primary system type, split-
system central air-conditioners. Currently this system type represents 62% of all central cooling 
systems, up from 54% five years ago.  Package unit air-conditioners comprise 30% of central 
systems, with the remainder made up by evaporative systems.   
 
Cooling System Age – The average age of central air-conditioners has been slightly reduced, going 
from 12.2 years to 10.8. A similar trend has occurred with space air-conditioners. The average age of 
these systems in 2000 was 13.1 years, down to the current estimate of 11.9. However, when 
considering all cooling system types, the findings reveal that 40% of all cooling systems are less than 
five years old, while 25% are more than 15 years old. 
 
Cooling System Size – The most common central air-conditioner size is the 4-ton category, 23%, 
and the next most common size is the 3 ton category. About 60% of all central air-conditioners fall 
within the 3-4.5 ton capacity range.  This is up about 10% from the previous study, suggesting primary 
systems are getting larger, perhaps due to the growing size of new homes. 
 
Cooling System Efficiency – Of the 257 central systems surveyed, 164 units were matched to an 
efficiency database for determining the SEER. The findings show that 5% of all units are SEER 13 or 
greater. The majority of units, 40%, fell within the 10-10.99 SEER range, while 7% of all units were 
found to have a SEER rating of 8 or less. Five years ago, only 2% were 13 SEER or greater, 30% of 
central air-conditioners fell within the 10-10.99 SEER range, and 3.4% were less SEER 8 or less. 
These results suggest that central air-conditioner efficiency has only slightly increased in the last five 
years.  
 
Heating Systems 
The study results show that 84% of homes have one heating system, 13% have two systems, and 3% 
have 3 systems or more. These findings are extremely similar to the previous CLASS findings.  
 
Primary Heating System Type – The most common heating system type are central system forced 
air furnaces (63%), followed by wall unit space systems (13%). These results are very similar to the 
2000 study which found 66% and 16% saturation for these system types, respectively. Heat pump 
systems comprise 5% of all system types.  
 
Primary Heating System Fuel – The primary heating fuel is natural gas (79%), followed by electric 
systems (11%). About 2% of primary heating systems are wood and pellet stoves, and another 3% 
are propane. These findings are strikingly similar to the 2000 findings and the 2003 RASS.  
 
Primary Heating System Age – Overall, heating systems are about 17 years old. Central systems 
are on average younger than space systems, 14 and 27 years old respectively. 
 
Primary Heating System Efficiency – The average Annual Fuel Utilization Efficiency (AFUE) for gas 
central heating systems is 80.6, compared to 72.2 for space systems. Ninety percent of all central 
systems fall with 78-85 AFUE, and 75% of all space systems are between 66 and 72 AFUE.  
 
Dishwashers 
Just less than 70% of homes have a dishwasher, which is a close comparison to the 2000 study 
which found that just more than 70% of homes had a dishwasher.  
Dishwasher Age – The average age of dishwashers has decreased over time, down from 9 years, 
the average age of dishwashers is now estimated to be 7 years old.  
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Dishwasher Efficiency – The current average EF for dishwashers is 0.495, greater than the current 
federal energy standard (.46), but less than the minimum ENERGY STAR qualification (0.58), which is 
set 25% higher than the federal standard. Current overall efficiency is slightly greater than what was 
found in 2000 (0.48).  
 
Building Envelope  
The saturation of metal frame windows has decreased significantly since 2000, down from 75% to 
62%. At the same time the saturation of wood and vinyl has dramatically increased. 2005 CLASS 
results show saturation of vinyl windows at 25% and wood at 12%, a combined total of 37%, up from 
a combined total of 21% five years ago. This may be due to low interest rates during this period of 
time that afforded many Californians’ the ability to refinance mortgages and invest in high capital 
home improvement projects, such as window retrofits.  
Overall, the most common window type is single pane metal frame windows, with a saturation of 43%. 
The second most common type of window type is dual pane wood or vinyl. Apartment buildings have 
the highest potential for having single pane aluminum glazing and single family two and three story 
homes are most likely to have double pane vinyl/wood glazing products.  
Field surveyors carried Low-E detectors for determining the presence of Low-E coatings. Overall, 10% 
of homes are thought to have Low-E coatings. Interestingly, homes built between 1951 and 1955 
have the highest saturation, 19%, followed closely by homes built between 2001-2005 (17%). Older 
homes with Low E are due to window retrofits, while new homes are increasingly using Low-E as 
standard practice. Low-E data were not gathered in 2000, therefore comparisons are not possible.  
 
Trends and Comparisons 
 
Lighting 
In the past five years we have seen a tremendous growth in the saturation of compact fluorescent 
lighting. Previously less than one percent of all residential lamps were CFL; currently this estimate is 
closer to 10%. Sales data reported in the California Residential Market Share Tracking Lamp Report 
2004 support this finding. According to recent findings, the share of medium screw-based compact 
fluorescent lamp sales has shown strong growth in the last five years, peaking in 2001 at 8.7% market 
share, then averaging approximately 5% in following years. Previous sales numbers were much 
lower, demonstrating a less than 1% market share for CFLs. The sharp increase in CFL sales over 
the last 4 years seems to be directly tied to the increased saturation of CFLs in homes over the last 5 
years found in this study.   
Since the previous CLASS study in 2000, we have noted a sharp increase in the number of recessed 
can lighting fixtures. Often found in kitchens, hallways, and foyers, recessed cans often have higher 
wattage lamps (e.g., parabolic spot, halogen) that can easily be retrofitted with parabolic CFLs. In 
2000 we found that 12% of all lighting fixtures were recessed cans. The 2005 estimates place this 
number closer to 18% of all fixtures, a 6% increase. Other increases in total fixture share include 
‘recessed lighting other’ and ‘table lamps’, both increasing by about 3%. Figure 2 summarizes the 
2005 and the 2000 statewide fixture shares for all home types.  
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Figure 2: 2005 and 2000 Statewide Fixture Distribution 
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Refrigerators 
As we compare findings from the previous study, there are some very notable trends occurring. To 
begin with, the results of the two CLASS studies demonstrate ever increasing efficiencies among 
primary and secondary refrigerators. Furthermore, the average age of both primary and secondary 
units has also dropped. This decrease in average unit energy consumption does not appear to be a 
function of smaller overall sized refrigerators. In fact, to the contrary, the average size of refrigerators 
seems to have increased in the last five years, moving from 20 cubic feet to 21 cubic feet.  
We find similar findings when directly comparing the CLASS results to the RASS study. The RASS 
conditional demand analysis (CDA) results estimate primary refrigerator energy use to be 788 
kWh/year. This is very comparable to the 2005 CLASS results which estimates primary refrigerator 
nameplate annual energy consumption to be 721 kWh/year.   
When looking at UEC estimates for secondary refrigerators we find significant differences between 
the CLASS and the RASS. RASS reports secondary refrigerators use 1,021 kWh/year, while the 
CLASS findings suggest this number to be closer to 740 kWh/yr. Although the nameplate UEC for 
secondary units is similar to the nameplate UEC for primary units (720 vs. 740), it is important to note 
that secondary units were found to be smaller in size on average (18 vs. 21 cubic feet).   
While similar, it should be noted that the RASS disaggregated refrigerator use from the total home 
electric usage, while the CLASS data is based on initial energy use based on manufacturer test 
conditions, so there may be a larger difference between the two results than appears. 
Finally, the RASS findings indicate that 12% of households replaced major kitchen appliances during 
“the previous year”, most likely in the 2003 time period. If this estimate were extrapolated to the five 
year period between the last CLASS study and this study, results would show a significant proportion 
of Californians having replaced major kitchen appliances. These findings further support the positive 
trends we are seeing in California in regards to refrigerator age and efficiency.   
 
Heating and Air Conditioning 
One of the trends we see with air-conditioning is an increase in the saturation of central systems, and 
a decrease in room/space conditioning systems. The RASS study findings are similar; they also report 
room and evaporative type systems going out of favor and central air-conditioning systems becoming 
more popular. 
Though somewhat difficult to directly compare, there is general agreement between the RASS 
findings and the CLASS findings regarding the age of cooling equipment. The RASS findings suggest 
that 32% of air-conditioners are 15 years or older, while the CLASS findings estimate that 26% of all 
cooling systems are 15 years or older.  
In terms of heating fuel type, the CLASS study is in agreement with the RASS study. The CLASS 
results and the RASS results estimate 80% of heating systems use natural gas, while only 11% utilize 
electricity as the primary heating fuel. Single family detached homes are much more likely to be 
heated using natural gas, while apartments are more likely to be heated by electric systems.  
 
Appliance and Equipment Age and Efficiency Trends 
There certainly is a notable trend occurring regarding the average age and efficiency of appliances 
and equipment. Figure 3 is an illustration of the average age of major appliances based on the 2000 
and 2005 study findings. The results demonstrate a steady, across the board reduction in the average 
age of appliances. For example, 2005 findings reveal that, currently, secondary refrigerators are 
nearly the same age as primary refrigerators were five years ago.  
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Figure 4 is an illustration of the average age of HVAC systems based on the 2000 and 2005 study 
findings.  The results again demonstrate a steady, across the board reduction in the average age of 
HVAC systems. 
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Figure 4: Statewide Comparison of HVAC Average 
Age 2000-2005 
 
As one might expect, with a decrease in the average age of appliances, the base efficiency has also 
improved. The following figures demonstrate the efficiency improvements that have been made in the 
last five years, beginning with refrigerators and freezers that are rated using labeled energy 
consumption, then appliances that are rated using energy factor (EF), then heating equipment that is  
AFUE rated and finally cooling equipment that is rated using SEER. 
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Figure 5: Statewide Comparison of Primary and 
Secondary Refrigerator Efficiency 2000-2005 
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Figure 8: Statewide Comparison of Efficiency for 
SEER Rated Central Cooling Equipment 2000-2005 
 
Attributing these findings is difficult and somewhat subjective. Part of the explanation for this trend is 
in the huge quantities of new homes being built each year in California1 (e.g., 200,000 homes in 
2004). However, it is not reasonable to think that such large improvements in the age and efficiency 
stock of appliances and equipment is due exclusively to the increasing contribution of new 
construction.  
We believe that there are at least two other relevant drivers. During the period of 2000-2005, interest 
rates reached an all time low; during the same period, property values in California ascended at 
unprecedented rates. These two forces afforded many Californians the opportunity to refinance and 
borrow against their property in order to make upgrades and improvements. Within our own survey 
sample, customers were asked if they had remodeled in the last 10 years and 26% of customers 
indicated that they had. Of those stating they had remodeled, 50% reported having replaced kitchen 
appliances, another 50% reported hard wired lighting remodels, and 17% reported having completed 
a full remodel of the home2. 
Secondly, during 2000 and 2001 California experienced blackouts and deregulation, which in turn 
created an energy efficiency resurgence, perhaps unsurpassed by any other prior event or period. 
Through programs like the 20/20 program, CPUC mandated energy efficiency programs, and 
marketing, education and information programs like Flex Your Power and ENERGY STAR, 
Californians were the target of many mass market energy efficiency programs that sought to change 
behavior and purchasing habits. As time passes, it may be necessary to remind customers about the 
2001 energy crisis that prompted many new efficiency programs, so that conservation remains 
relevant in the minds of the customers and they opt to replace older, less efficient equipment with 
newer, more efficient equipment. 
The CLASS study did not explore attribution, therefore these are merely educated guesses, and 
certainly more forces may be at work. Regardless of the cause, it certainly appears as though 
Californians are on the right track to creating a more energy conscious state. 
                                                      
1California Building Industry Association 
2 Multiple responses were allowed, therefore results do not sum to 100%. 
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Study Limitations 
 
For the most part, all of the data the study hoped to collect through the on-site surveys was easily 
obtained. However, in situations where heating and cooling systems were on the roof of the 
customer’s residence, we were not able to collect model number data. This is fairly common in the 
Central Valley. These units are commonly package air conditioners, package heat pumps and 
evaporative cooling systems. Moreover, this style of construction is more characteristic of older 
homes, which are more likely to have older less efficient units. Since we can only project SEER for 
units where nameplate data was collected, this particular limitation is likely biasing the baseline 
efficiency findings (Table 1 summarizes these findings).   
It should be noted that the SEER value was matched into the various efficiency databases based on 
the model number of the condensing unit.  The evaporator coil has an impact on the overall SEER of 
the system, but gathering information on the evaporator coil involves additional effort on the part of 
both the surveyor and especially the analyst, as there is no available database that caters to the large 
scale matching of condenser and evaporator units.  However, the databases that were used in the 
matching process use an average SEER value of common condenser/evaporator combinations, and 
therefore provide a relatively accurate representation of the efficiency of the cooling systems 
observed. 
Water heater blankets are fairly common and in many circumstances covered the nameplate data. 
Blankets were not completely removed to collect this information, only slightly moved if easily 
replaceable. In many cases, homes that comply with earthquake safety codes (e.g., metal strapping 
intended to hold water heaters in place in the event of an earthquake) have hardware in place that 
obstruct the nameplate or prevent the blanket from being removed for nameplate identification.  
Wattage was also difficult to collect in many circumstances. Surveyors were trained to remove 
luminaire covers if easily reachable and removable. Yet surprisingly, overall, the surveyors were able 
to obtain wattages for 90% of all fixtures. For the lighting wattage analysis RLW calculated missing 
wattages based on other homes with the same fixture type in the same room type. About 2-3% of all 
lamps found were 3-way, with many variations on wattage. These fixtures were dropped from the 
analysis due to the difficulty of assigning a reasonable wattage constant.  
Field personnel also reported pool and spa information for pumps and heaters to be difficult to access 
and difficult to locate nameplate data. Compounded by the low overall saturation of homes with pools, 
limited information was obtained for these particular data points.  
Further information was reported back by field surveyors regarding the difficulty of obtaining model 
number information for window/wall air-conditioners. These systems often require removal of face 
plates, which are often delicate, challenging to remove, and at times even more difficult to replace 
once removed. Surveyors were asked not to remove or tamper with equipment if they were not 
comfortable doing so. Other access issues were also problematic, such as location of the nameplate 
with respect to the mounting of the unit in the wall.  
Limitations continue to be a problem with regard to the databases used for appliance matching. For 
example, field staff were able to obtain 559 of 583 dishwasher model numbers, yet through the 
matching process RLW was only able to match 25%, or 148 models to databases. Dryer efficiencies 
were very difficult to match due to the lack of a comprehensive dryer efficiency database.  The CEC 
has recently begun to compile a list of dryer efficiencies for newer models, but only 3% of the 644 
dryers that we collected model numbers for were in the database.  More detailed findings are 
presented on the model number matching process in Table 1. 
Finally, none of the appliance efficiency databases (i.e., CEC, AHAM, ARI) used for efficiency 
matching account for efficiency degradation over time.  Appliance efficiencies are based on the 
manufacturer test data at the time of manufacture. However, over time appliances and equipment do 
degrade due to various factors that can affect operational performance. Considering this, the 
efficiencies of matched appliances, particularly of older appliances, are more than likely less efficient 
than what has been reported here since no attempt has been made to adjust for efficiency 
degradation.   
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Introduction 
 
Through the introduction of Energy Labels for Major Domestic Appliances (MDA) in Europe, an 
ambitious goal was set by European legislation for the value chain consisting of MDA manufacturers, 
including their suppliers, and the retail industry. Within a short period of time energy consumption of 
new appliances offered to consumers had to be classified according to their energy consumption. The 
consumer would be able to identify energy consumption by the classification displayed on each 
product on the shop floor.  
Key objective of the legislation was to reduce CO2 emission caused by usage of household 
appliances. Target was to reduce energy consumption per new sold MDA products by reaching high 
sales shares of products with energy efficiency classes A or B. When analyzing the sales trends of 
course the various different points of time when the European directive was implemented in national 
law need to be taken into account. GfK measured already classified products at an early stage with 
the energy labels. Sometimes the classification could be observed, even if the energy labeling was 
not implemented into the respective national law by then. This phenomenon could be observed in 
various East European markets even before their entry into the EU. Trends from 1995 onwards are 
thus to be seen with the peculiarities of the initial implementation, with many “unknown” products, as 
there was no legal obligation to classify the products according to the EU legislation. Many 
manufacturers acted proactively and labeled the products even before implementation in national law.  
Taking the long-term perspective for the product group cooling from 1995 to 2005, the success of the 
initiative can be clearly seen, as the energy class A and B reaches the majority of sales by the year 
2000. From the year 2002 products with classification of A+ were observed in the West European 
markets1. Cooling products labeled with A+ and A account in 2005 for the clear majority of sales 
(70%).  
At the beginning of the energy efficiency labeling, the A and B labeled appliances enjoyed a clear 
price premium. Over time, as the energy efficient products became more and more “standard”, 
products did not distinguish anymore so much through the feature energy consumption. This 
development helped of course to penetrate most European households with energy efficient products, 
as it was for consumers not anymore a pure question of price. However, for appliance manufacturers 
it needed major improvements in technology and efficiency gains to realize production of excellent 
energy efficient appliances at affordable prices.  
 

                                                 
1 Basis: 8 countries West Europe, measured by GfK since 1995. Countries: AT, BE, DE, ES, FR, GB, IT, NL 
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Comparing the development on more homogeneous product segments the price attractiveness of 
energy efficient appliances between 1995 and 2005 changes significantly.  
 

 
 
When comparing the introduction of cooling appliances with appliances that were labeled later2, it is 
evident that the transformation into energy efficient products, e.g.,  labeled with the classes 
A/A+/A++3, was observed at a much higher conversion rate. 
 

                                                 
2 Trend curves need to be interpreted with the various points of time when the EU legislation was transformed into national law. 
However, the slopes give a very clear indication of the dynamics. Note: Implementation of cooking products much more recent 
than the other product groups. For some countries, the initiative is younger than 6 years. 
3 Inclusion of A+ and A++ labelled products in order to show the development including the upgrade of the top-class.  

576



 
 

Comparisons of the slopes indicate that the implementation of the concept along the whole value 
chain – i.e., from manufacturers who need to label all products, to all retailers displaying the labels on 
the products in the shops, to consumers that understand the label and its impact for their purchase – 
takes a certain lead time. Once the first products showing the energy efficiency labels were 
established in the markets, sales of energy efficient labeled products that followed later could benefit 
very much from the established mechanisms.  

 
When looking at the key product categories in the world of MDA, the success of the implementation is 
impressive, as most categories have the majority in the top classes. 

 

 
 

Peculiar are the implementations in the categories washing machines and dishwashers, where the A / 
A+ products can be seen as standard in 2005. Products with classification B or lower have very low 
success chances in the markets.  
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Within the washing machines and dishwashers, not only the energy class is decisive for the label, but 
also the combination with water consumption and spinning respectively drying performance. 
Complexity of the feature combination can be significant, taking furthermore the A+ combination 
options into account. It could be assumed that for consumers this feature variety can turn out to be 
confusing. Over a relative short period of time, however, markets seem to focus on key combinations, 
most of them starting with best classes of energy and water consumption. The graph illustrates the 
West European picture, based on the 8 countries. Analyzing the markets more in detail, country 
peculiarities still play an important role, esp. being distinguished by the low spin classes in the 
Southern European markets while Northern European markets show top performance classes. 

 

 
 

An outstanding market in Europe is NL. For many product groups NL seems to take a leading role. 
Reasons can be found in the general structure of the market – sales of MDA products in NL show 
generally that high featured products are very important for this market. On top of this, the Dutch 
government supported energy efficient products with subsidies.  
 
The impacts of the subsidies were significant for the Dutch market where sales of energy efficient 
products increased over proportionally. A core question is of course, whether the technological 
advance would anyhow provide this positive development, or whether subsidies can add substantially 
to the energy efficiency objectives. In order to evaluate the impacts of the subsidies one with 
benchmark country was chosen: Germany. As a basis for like-for-like comparison the households 
were taken – as MDA are normally purchased per household and not per person. As a result, the 
Dutch sales for products labeled with energy efficiency A (respectively in the second phase AAA 
products) exceeded the benchmark notably. Over time, the German ratio for A / AAA products 
reaches similar levels, but it can clearly be identified that subsidies accelerate the sales of the most 
energy efficient products. At the same time it can be seen that consumers advance their 
replacements – which is especially visible towards the phase out of subsidies, as markets drop right 
after the subsidies expire. 
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When comparing the very mature West European markets with Central Eastern Europe4, a very swift 
adaptation of the concept in these countries could be observed – in most cases the developments 
were seen long before the entry into the European Union.  
 

                                                 
4 Comparison with 4 CEE countries: PL, CZ, SK, HU. Note: GfK established the panels for dryers and freezers from 2004 
onwards.  
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Thus the development of the energy efficiency standards not only has an effect on the European 
Union, but beyond their boarders the positive effects are spread to other countries.  

 
All in all the energy efficiency labeling has influenced the MDA markets significantly over the last 
years. Supportive measures – esp. subsidy programs as shown for the Dutch case – have spurred 
the penetration in the various stages. As a result, CO2 emission per appliance was reduced 
significantly – which fulfils the objective of the legislation in the first place. Having reached such high 
values for nearly all appliances indicates that standards may be subject for revision in order to find 
even further CO2 reduction potential. Furthermore, MDA can be used as a role model for other 
product categories that cause CO2 emission. 
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Abstract  
Currently the penetration of energy saving measures, and estimates of the energy efficiency of the UK 
housing stock is derived from extrapolations of a sample of property surveys. These, whilst being 
extremely useful, are of limited benefit for those involved in the monitoring and targeting of 
sustainable energy activity at a regional or local level. 
To address this, the Energy Saving Trust (EST), with funding from the Department of Environment, 
Food and Rural Affairs (DEFRA) and the Scottish Executive, has developed the Homes Energy 
Efficiency Database (HEED).  HEED integrates measure installations and property survey data into a 
consistent format, allowing regional estimates and analysis of energy/carbon savings to be made.  
HEED also calculates the number of installations already undertaken, and hence can estimate the 
remaining measure potential for an area.  The key programme objectives are: 

• To provide a means of assessing the penetration of energy saving measures, e.g. insulation, 
white goods, heating systems and household renewables, over time and by area.  Allowing 
analysis of the overall UK position, by country, and other regional/local areas. 

• To provide a key source of information to assist local authorities and central government, in 
monitoring and reporting on their housing duties. 

• To provide a means of assessing the future potential for energy saving measures and to 
facilitate better targeting, increased uptake and improved cost effectiveness. 

This paper will detail how the HEED has been developed, the challenges faced and overcome and 
how the database has been used to date and what future developments are planned.   
 
 
Introduction 
 
Currently, knowledge describing the penetration of energy efficiency measures and the energy 
efficiency status of the UK housing stock is derived from sample surveys of properties extrapolated to 
the total stock. These surveys are typically undertaken every 5 years. For example, the English House 
Condition Survey (EHCS) assesses approximately 25,000 dwellings, approximately half of which are 
then retained for longitudinal study in the following survey [1]. This represents 0.1% of the total stock 
in England.  These surveys provide immensely valuable data and analysis.  However, data is 
generally limited to NUTS1 Level 1 or Government Office Region (GOR) level.  While such reports are 
useful at providing data at regional level they are of limited use at a more local level such as Local 
Authority/District or Electoral Ward, Local Administrative Units (LAU) levels 1 and 2 respectively.   
Data do exist (albeit on a fragmented basis) that record, often at individual property level, the status of 
energy efficiency measures in the housing stock. Therefore, while there is a broad understanding at a 
macro level of the energy efficiency of the UK housing stock; there is no ability to co-ordinate 
knowledge and information at the micro level and link this to activity or the wider UK context.   
Added to the difficulties of ascertaining information on local potential for energy efficiency, there is 
also the issue of regional monitoring of the programmes and policies in place across the country.  
While this is not a specific evaluation task for EST, such knowledge is valuable in assisting EST’s own 
evaluation activity as well as providing an evidence base to assist in policy development both for EST 
and our Government funders.   
There is a myriad of activity aimed at improving domestic energy efficiency in the UK; two of the main 
initiatives are the Energy Efficiency Commitment or EEC [2] and the UK Governments’ schemes to 
help combat fuel poverty.  The Energy Efficiency Commitment obligates gas and electricity suppliers 

                                                      
1 Nomenclature of Units for Territorial Statistics (NUTS) / Local Administrative Units (LAUs).  NUTS was created by the 
European Office for Statistics (Eurostat) as a single hierarchical classification of spatial units used for statistical production 
across the European Union. At the top of the hierarchy are the individual member states of the EU: below that are levels 1 to 3, 
then LAU levels 1 and 2.  http://www.statistics.gov.uk/geography/nuts.asp  
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with more than 50,000 domestic customers to meet a pre-defined energy saving target.  Suppliers are 
given flexibility in how they meet this target, although at least 50% of the savings must be achieved in 
the ‘Priority Group’, the Priority Group being defined as those households receiving certain income 
related benefits and tax credits.  The energy saving target for the first phase of the EEC (completed in 
March 2005) was 62TWh.  Traditionally energy suppliers have focussed on the installation of 
insulation measures as well as condensing boilers, compact fluorescent lamps (CFLs) and energy 
efficient white goods to meet their targets.  The EEC only applies to energy suppliers operating in 
Great Britain.  In Northern Ireland a levy scheme operates with the sole electricity supplier in a broadly 
similar way.  
The other main initiative for improving levels of domestic energy efficiency are the programmes 
funded by the UK Governments to combat fuel poverty through the installation of insulation measures 
and heating systems.  The largest of these schemes, Warm Front, has been operating in England 
since June 2000 [3].  To date it is estimated to have assisted over one million households [4]. 
There are many other policies and initiatives in operation within the UK ranging from: the Building 
Regulations; information, advice and grant programmes run by organisations such as the Energy 
Saving Trust; as well as activity at district level from local authorities.  Local authority energy efficiency 
activity mainly exists as a result of local housing and fuel poverty strategies and the legislative driver 
of the Home Energy Conservation Act 1995 (HECA) [5].  This act requires every UK local authority 
with housing responsibilities to prepare, publish and submit to the Secretary of State an energy 
conservation report identifying practicable and cost-effective measures to significantly improve the 
energy efficiency of all residential accommodation in their area; and to report on progress made in 
implementing the measures. The key words in this description are “…to significantly improve…”, 
guidance issued in March 1996 (DOE Circular2/96) confirmed this to mean a 30% improvement in 
energy efficiency and that authorities would be expected to show a strategy for making at least 
substantial progress towards the 30% target over a period of 10 years, measured from a 1 April 1996 
baseline.  However, in England it is very difficult to compare local authorities performance as there is 
no prescribed method for all authorities to follow when submitting their return.  All that is required is 
that a HECA officer uses an agreed method and is consistent in this. 
It was upon this backdrop that EST commenced the development of the Homes Energy Efficiency 
Database (HEED) in 2001.  The aim was to develop an information resource that builds upon the 
discrete data sets that exist amongst the key actors within the UK energy efficiency sector into one 
comprehensive and integrated system.  This resource would, for the first time, provide the ability to 
assess the impacts of the whole spectrum of UK policies and initiatives at both a national and local 
level.   The funding for the development work for the project is being provided by the Department of 
Environment, Food and Rural Affairs (DEFRA) as well as the Scottish Executive.  The first phase of 
the database was released to users during the summer of 2005.  The remainder of this paper will 
detail how the database was developed, how it is being used and how this will develop in the future. 
 
Database Infrastructure 
 
Introduction 
The Homes Energy Efficiency Database operates on the Oracle 10g enterprise platform on servers 
running Red Hat Linux as an operating system.  It is a fully relational database comprising of 69 
tables and approximately 13,000 lines of programming code.  Database size at present is 
approximately 20Gb of data. 
Reports are available in HTML and Abobe Acrobat pdf format and are accessed from a web based 
reporting application called HEED Online.  This has been written in Java and is deployed on an 
Oracle 10g application server.  It is also possible to view the data geographically with the electronic 
mapping data provided by Ordnance Survey and rendered using Oracle MapViewer.  
Users do not access the HEED database directly but run reports from the web based application 
called HEED Online (http://www.est.org.uk/heedonline).   Access is by username and password which 
provides users with access to specific geographic areas.   Users select the type of report required 
(survey information, installations or savings) then select which geographic area they are interested in.  
For example, a local authority user will have access to data on their own local authority area (LAU 
level1) down to electoral ward (LAU 2) level.  Users such as EEC obligated energy suppliers can view 
the whole of Great Britain to electoral ward level. 
The database records property survey attributes and other energy efficiency information against 
known property references.  Data is stored at individual address level to avoid the “double counting” 
of data relating to the same property or energy efficiency improvement that could be received from 
different data sources. HEED also maintains a history of improvements.  When a dwelling receives an 
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energy efficiency improvement or new or more accurate data is received, the previous data is 
recorded in a mirror image of the main database table.  In this way it is possible to track the energy 
improvement of a dwelling over time. 
 
Data Types – survey data 
Data for HEED is obtained from a number of different sources and exists as 2 main types, survey or 
installation.  Survey data provides the database with the base information regarding the fabric and 
heating fuel(s) of the dwellings.  Table 1 provides examples of the property attributes that can be 
recorded.   
 
Table 1: Property survey data types and examples 

Data type Examples 

Property type/built form & no. 
bedrooms Flat, Detached House, Mid-terraced house etc 

Construction date Before 1900, 1900-1929, 1930-1949, 1950-1965, 1966-1976, 
1977-1981,1982-1990, 1991-1995, 1996 or later 

Property tenure Owner occupied, private rented, local authority, RSL. 

Heating fuel Natural gas, electricity, oil, LPG etc 

Main heating system Boiler with radiators, storage heaters, room heaters 

Heating controls Room thermostat, cylinder thermostat, TRVs, charge control 

Boiler type Condensing, non-condensing, combination, back 

External wall type Cavity, filled cavity, solid, stone, timber frame 

Loft Insulation None, 1-24mm, 25-49mm, 50-74mm etc. 

Window type Single, double, wooden frames, uPVC frames, metal frames 

Hot water heating system From main heating system, single immersion, dual immersion, 
instantaneous etc. 

Hot water tank insulation Factory fit, good jacket, poor jacket, no insulation, no HWT 

Energy rating SAP, Rd-SAP, NHER, SERT 

 
It is important to note that not all the available attributes may be available and hence recorded for a 
dwelling.  However, HEED has been designed so as to accept as much or as little data as is available 
yet still ensuring that the reports can be run and give valid results even without a complete survey 
data set for a particular dwelling. 
Property survey data for HEED can be collected from a number of sources.  
 
EST Home Energy Checks (HECs) 
The Energy Saving Trust supports a network of 46 Energy Efficiency Advice Centres (EEACs) and 
three pilot Sustainable Energy Centres (SECs).  These are located across the United Kingdom and 
give impartial advice to householders about saving energy in the home (wider sustainable energy 
advice incorporating energy efficiency, small scale renewables and cleaner transport, is available from 
the SECs).  One of the main mechanisms for giving this advice is the Home Energy Check or HEC.  
This is a householder completed questionnaire containing thirty three questions about the dwelling 
and its energy efficiency attributes.  This data is then fed through an advice database and a unique 
advice report is generated on the basis of the responses.  The HEC has evolved over the years and 
the advice database now undertakes an energy calculation based on the BREDEM (Building 
Research Establishment Domestic Energy Model) which gives detailed estimates of running costs and 
possible improvements based on the unique characteristics and location of the dwelling.  Since 1999 
there have been some 4 million HECs completed.  These have all been loaded in to HEED.  Typically 
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some 500,000 HECs are completed each year either through EEAC activity or online via the EST’s 
website.  These Home Energy Checks are uploaded onto HEED on a weekly basis and at present 
make up a significant proportion of the data stored within HEED. 
 
Government Fuel Poverty scheme data (e.g. Warm Front) 
The Government fuel poverty schemes such as Warm Front in England, New HEES in Wales and 
Warm Homes in Northern Ireland2 provide extremely valuable data.   These sources provide both 
detailed survey information on dwellings as well as details of energy efficiency measures 
subsequently installed as a result of the survey.  These fuel poverty surveys typically provide around 
17 different data attributes ranging from the property type, size and tenure to the state of the building 
fabric and heating systems.   The fuel poverty schemes across the UK are currently all managed by 
one scheme manager, Eaga Partnership.  This makes data loading straightforward as the data is all in 
the same format. 
 
Local authority data 
A small amount of the survey data currently available for inclusion in HEED is sourced from Local 
Authorities.  This data is typically collected by local authority surveyors as part of local house 
condition surveys.  Occasionally this data can be householder completed energy surveys similar to 
EST Home Energy Checks.  This data can vary in its complexity, ranging simply from an address list 
detailing the tenure or property type to a full set of survey information. 
 
Social Housing data 
It is hoped that data from social housing providers such as local authorities may be available in future.  
This data would relate to measures that have been installed as part of ongoing renewal of properties 
in the social housing sector, such as heating system replacements, window replacement 
programmes.  Other data from the social housing sector may be available from NROSH, the National 
Register of Social Housing.  This is a central property database operated by the Office of the Deputy 
Prime Minster (ODPM) containing details of social housing properties in England. 
 
Data Types – installations data 
The other main data type stored in HEED is installations data.  This relates to what energy saving 
measures have been installed in a particular property, when and by whom.  HEED can accommodate 
a wide variety of different measures, certainly all that are currently offered to householders.  It is a 
straightforward task to add a measure not currently listed.  Examples of the kinds of measures that 
can be registered in HEED are given in Table 2. 
 
Table 2: Energy saving measures capable of being stored within HEED. 
Wall insulation Heating controls 
Loft insulation (various thicknesses) Compact fluorescent lamps (various wattages & lifetimes) 
Draught proofing Energy efficient white goods (various) 

Hot water tank insulation Solar PV systems 
Central heating boilers Solar thermal systems 
Electric storage heaters  Ground/air source heat pump 
Room heaters Micro CHP 
Solid fuel fire cassettes Micro wind turbines 

 
Once again a number of different sources provide access to installations data.  These are examined 
below: 
 
Energy Supplier data 
The main delivery mechanism for the installation of energy efficiency measures in the United Kingdom 
is that of the work funded/part funded by energy suppliers as part of their energy efficiency 

                                                      
2 Warm Homes and Central Heating Programme are the Scottish fuel poverty programmes.  However, at the time of writing final 
approval to access this data from the Scottish Executive is still outstanding. 
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obligations.  In Great Britain, there have been energy supplier energy efficiency obligations in place 
since the Energy Efficiency Standards of Performance (EESoP) 1 scheme which started in 1994.  At 
present the Energy Efficiency Commitment 2005-08 (EEC2) scheme is expected to save 130TWh of 
energy and deliver an annual carbon saving of 0.7MtC in 2010.  This obligation falls on all gas and 
electricity suppliers in Great Britain with more than 50,000 domestic customers.  Data from the Energy 
Efficiency Commitment will generally provide details of what measures have been installed together 
with the installation date as well as some basic property survey information.  This typically covers the 
property type, number of bedrooms, tenure and heating fuel.  The last completed scheme, EEC 2002-
05 delivered in excess of 1.6 million fabric insulation measures, 400,000 heating systems, 6.5 million 
energy efficient appliances and 40 million CFLs [2]. 
The priority data from GB energy suppliers is the data from the EEC1 scheme going forward.  
However, where data is available from the energy suppliers from their activities undertaken since 
EESoP 1 in 1994, particularly insulation work this will be included in the database should it become 
available. 
Data from activity in Northern Ireland is similar in content but relates to the Northern Ireland Energy 
Efficiency Levy scheme. This was introduced as part of a review of the price controls on Northern 
Ireland Electricity plc (NIE) by the energy regulator Ofreg in 1997/98.  Since that time some 53,000 
insulation and 12,000 heating measures have been installed as a result of the levy scheme.  
One of the major challenges facing the HEED project was securing the participation of energy 
suppliers who have no obligation to supply data on their activity to the EST. The teams responsible for 
delivering the suppliers’ obligations are keen on HEED and how the database could assist them to 
deliver their targets.  However, there were significant barriers to be overcome within other parts of 
these organisations, namely concerns over the implications with regard to the UK’s Data Protection 
Act 1998 as well as issues concerning commercial confidentiality. Due to these concerns and their 
complexity, it has taken approximately 4 years effort to secure the agreement of suppliers to provide 
their data to the project on a voluntary basis.     
 
Cavity Insulation Guarantee Agency data 
CIGA was created in 1995 by the insulation industry in consultation with the UK Government as an 
independent agency to provide and administer a 25 year guarantee covering retrofit installations of 
cavity wall insulation and technical leadership to the industry.   Since that time, in excess of 2 million 
guarantees have been issued and provision of an independent CIGA Guarantee is a requirement of 
all Government grant schemes and the Energy Efficiency Commitment, so almost 100% of all 
installations are covered.  
Data from CIGA informs HEED which properties have had CWI installed and when the work was 
completed.  This source however will not be able to provide further details of the property except 
perhaps the tenure.  It represents an important corroborative source as it complements installations 
data from both the energy suppliers’ activity and the Governments fuel poverty programmes. 
 
Energy Saving Trust data 
The Energy Saving Trust since it was created by the UK Government in 1993 has managed a number 
of grant programmes ranging from insulation and condensing boiler grants in the late 1990s to local 
authority support grants and small scale renewables support programmes at present.  Over that time 
over 110,000 grants to provide cavity wall insulation were provided as well as over 15,000 condensing 
boiler grants.  More recently, funding has been made available to over 100 local authority groups via 
the Innovation programme.  This data is collected from schemes using a bespoke data collection tool 
called HEEData Online. 
 
Calculation Engine 
One of the advantages of HEED is that it is possible to calculate energy and carbon savings using a 
consistent set of savings and assumptions.  These savings are calculated using a calculation engine, 
at the heart of which are the ex-post savings that are used to evaluate the impact of the Energy 
Efficiency Commitment.  Details of these savings and the assumptions behind them can be found by 
consulting the Energy Efficiency Commitment 2002-05 Technical Guidance Manual [6]. These savings 
were modelled by the Building Research Establishment using the BREDEM model [7].  The engine 
uses property type and size information together with the heating fuel and measure detail to calculate 
the energy savings.  It is even possible for the engine to calculate the impact made from building 
regulations changes, as the savings resulting from heating system improvements to minimum 
standards can be differentiated from those resulting from improvements beyond the regulations.  
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The calculation engine provides details of energy savings both annual and lifetime, discounted lifetime 
energy savings consistent with the Energy Efficiency Commitment programme, financial and customer 
benefit savings as well as annual and lifetime carbon and carbon dioxide savings. 
The engine has the ability to handle a wide variety of input data.  For example, in the case of boiler 
replacements it is possible to calculate the saving for each boiler installed based on the declared 
SEDBUK3 efficiency of the unit if this is provided by the data source.  If this is not available, then 
savings are calculated based on the minimum requirements of the current building regulations and 
assumptions used within the Energy Efficiency Commitment.  It is also possible to calculate the 
savings from insulation measures based on actual thickness installed for a given starting depth.  The 
calculation of savings for cavity wall insulation is based on the approximate age of the property. Such 
detail is required, as building regulations post 1976 required significantly improved thermal standards.  
Consequently, savings from the installation of cavity insulation are reduced by approximately 40% 
after 1976 compared with before. 
Currently the calculation engine within HEED uses savings from the Energy Efficiency Commitment 
2002-05 programme.  These will be updated to those savings and assumptions used in the current 
phase of EEC later in 2006, once all the available data from energy suppliers’ regarding their 2002-05 
activity has been loaded. 
 
Data conflicts 
One of the major challenges of developing such a database and trying to integrate data from a variety 
of different sources is that data conflicts can occur.  These conflicts can arise when conflicting data 
from different data sources regarding the same dwelling is loaded.  When this occurs the database 
must be told which data to accept as valid and which to discard.  This must also be balanced with the 
basic premise of data collection within HEED, which is that the most recent information is stored and 
made available.  However, this also must be achieved whilst taking into account the accuracy of the 
data being collected. 
In order to address this issue of conflicting data, a set of complex and detailed programming has been 
developed.  This coding, called Auto Conflict Resolution (ACR) deals with this problem by examining 
both the sources of the data involved in the conflict and the age or detail dates (survey date or 
measure installation date) of the data. 
Prior to a data set being loaded into the database, the source of the data is allocated a ‘trust level’ or 
hierarchy.  This is a measure of how accurate the data is deemed to be.  For example, data supplied 
by an energy supplier or Government fuel poverty scheme managing agent, is deemed high trust as 
the information is collected by trained surveyors.  In contrast, the data sourced from householder 
completed Home Energy Checks and other similar surveys are allocated a low trust level.  This is due 
to the fact that householders are more likely to make mistakes in identifying energy efficiency 
attributes such as external wall type and loft insulation thickness.   
As the database is still fairly new and coverage relatively low, the majority of data received refers to 
dwellings that do not have an existing reference in the database.   In this case, the data is loaded 
regardless of trust level as there is no existing data to contradict what has been received.  Should a 
conflict occur during the load process, the Auto Conflict Resolution package activates.  Firstly the 
dates (survey or installation date) and trust levels of both data are determined.  Should the data being 
loaded be newer and hence more up to date than the existing data already stored in the database, the 
existing data will be overwritten and stored in the history table. The newer data will be loaded into the 
‘live’ tables and used in reporting. If on the other hand the data being loaded is older than what is 
currently held, this data when fully loaded will be stored in ‘history’ and not used in live reporting.    
 
 
The second stage of the ACR is activated whenever the conflict involves one of the following dwelling 
attributes:- 

• Property type  
• Tenure  
• Loft insulation  
• Wall type and insulation 
• Heating system 

                                                      
3 SEDBUK (Seasonal Efficiency of Domestic Boilers in the UK) is the average annual efficiency achieved in typical domestic 
conditions, making reasonable assumptions about pattern of usage, climate, control, and other influences.  For more 
information visit http://www.sedbuk.com/ 
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If any of these attributes are conflicting, then the trust levels of both data are examined and the data 
with the highest trust is stored and the lower trust data discarded and placed in ‘history’.  For example, 
data is newly received from a low trust source such as householder completed Home Energy Check; 
this is newer than the data currently existing for the address already in HEED.  It indicates that the 
dwelling is a detached house with 5 bedrooms, solid external walls, 200mm of loft insulation and a 
standard gas boiler.  Records already exist for the same address in the database from an EEC energy 
supplier scheme (a higher trusted source).  This reports that the dwelling is a detached house with 
four bedrooms; the cavity walls have been filled by the energy supplier who also installed a 
condensing boiler.  In this case the number of bedrooms for the property will be updated, the property 
type and levels of loft insulation will remain the same, but the newer data on the external wall type 
and heating system will be rejected and the existing data from the energy supplier retained.  By using 
this methodology, the key data within the database is always kept as accurate as possible. 
 
Data formats 
Another significant challenge when embarking on a data integration project is in the format of the raw 
data received that must be manipulated and incorporated.  HEED integrates data from a wide variety 
of sources, unfortunately all of these sources store and provide data in different ways.  Data is loaded 
into HEED electronically from comma separated variable (.csv) text files.  The structure and format of 
these files though differs from source to source.  There are currently at least 13 different data formats 
for raw data. Understandably, this presents the IT development team with a considerable challenge.  
The structure of the database and the attribute types within it, have been designed from the outset to 
be as flexible as possible, where feasible matching the attributes used by the main data sources.  We 
are confident that data from any source could be successfully loaded as long as a valid UK address is 
provided for each dwelling.   The addresses themselves are matched against a central database 
provided by the Royal Mail which is updated on a monthly basis. 
In order to assist sources such as local authorities to provide data, a data capture tool called 
HEEData Online has been developed.  This application enables users to input data either by manual 
entry or via electronic batch import, over the internet into a dedicated and secure database where 
property and measure installations data can be recorded.  This provides users with a resource where 
they can keep track of their own activity both in terms of dwellings improved and savings made.  The 
data is stored in a consistent format so that its inclusion into HEED is made significantly easier.  
HEEData is only used at present as part of the EST Innovation grant programme, but it is intended 
that it will be made available to other potential users if required during 2006-07. 
 
Reporting outputs 
There are currently two main types of report available from HEED; textual/numerical and graphical.  
Both are selected by using the HEED Online web application. 
 
Textual/Numerical Reports 
These reports are available in HTML and Abobe Acrobat pdf format.  They provide details of current 
survey information, numbers of energy saving measures installed and energy and carbon savings.  
Table 3 below illustrates the types of reports currently available.   Figures 1 and 2 overleaf illustrate 
some examples of these reports.  
 
The user firstly selects the theme for the report and then the geographic area of interest and report 
title.  If required, the user can apply a range of filter options such as property type, property age, 
tenure and heating fuel.  Lastly, a date range can be added to further refine the filter for installation 
and savings reports.  These reports are on two pages, the first details the additional filter criteria 
selected as well as the data coverage (data density) of HEED for the area in question.  The second 
page provides the actual detail of the report for the user. 
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Figure 1: Example of a Survey Report 

588



 
Figure 2: Example of an energy/carbon savings report 
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Table 3: Textual/numerical reports. 
Survey information Installation reports Savings reports 
External wall type Installation summary Energy &carbon (fuel standardised) 4 
Loft insulation  Energy & carbon (standard) 
Main heating system   
Hot water tank insulation   
Glazing   
 
Graphical Reports 
While the textual reports provide a great deal of detail, it can be difficult to fully appreciate what is 
actually being displayed, simply due to the vast array of numbers etc on the page.  To assist in the 
interpretation of the data, a geographic based graphical interface has been developed using 
electronic mapping data provided by both the Great Britain and Northern Ireland Ordnance Survey.  
This enables users to visualise the data in a Geographic Information System (GIS) as it is 
superimposed onto administrative boundary maps. 
At present only survey maps are available, but maps comparing energy and carbon savings are being 
developed.  A wide variety of dwelling attributes can be examined including; property type, tenure, 
age, external wall type, loft insulation, main heating system, fuel and glazing.  It is also possible to 
apply filters such as tenure, age and fuel in a similar way to the textual based reports. 
Figure 3 below shows a screen shot from HEED Online.  This is a view of Great Britain by external 
wall type.  The most common wall type in each district is shown. 
 

  
Figure 3: Great Britain by external wall type. 
 
These maps show the most common variable for each attribute for a given area.  In order to gain an 
appreciation of the distribution of a particular attribute further data is also available.  This is illustrated 
in Figure 4 overleaf which again shows external wall type.  However, on this occasion it is for the 
                                                      
4 Fuel Standardised savings are used within the EEC programme and are weighted by the carbon content of the fuel saved. 
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electoral wards within Carlisle District Council in Northern England.  Also shown, is the distribution of 
wall types within a particular ward.  This chart assists users in fully understanding the distribution of a 
particular attribute as the system shows the most prevalent attribute as a summary. Other information 
including data density (the coverage of dwellings in the area) as well as energy carbon savings and 
summaries of the numbers of energy saving measures installed are also available. 
 

 
Figure 4: External wall type by ward within Carlisle District Council 
 
Current Status 
 
The Homes Energy Efficiency Database was released to users during the summer of 2005, since then 
over 130 users have registered with EST and have access.  The majority of these users are local 
authority officers with Home Energy Conservation Act (HECA) responsibilities.  Other users, external 
to EST include Energy Efficiency Commitment obligated energy suppliers, government departments 
and Energy Efficiency Advice Centres (EEACs) and Sustainable Energy Centres (SECs). 
 
Data sources and coverage 
The database currently contains approximately 28 million individual data items describing some 2.5 
million homes across the United Kingdom.  This approximates to around 10% of the UK housing 
stock.  The majority of this data is sourced from EST Home Energy Checks as well as data from the 
Government fuel poverty schemes in England and Wales.  It is estimated that EST holds details of a 
further 2 million homes that have yet to be loaded.  This data consists of further updates to 
Government fuel poverty data and EST Home Energy Checks, CIGA guarantee data, EST grant data 
and energy supplier activity during EEC 2002-05.  This backlog of data will be cleared during the first 
half of 2006-07 with further updates and new data sources taken on later in the year. 
 
Current usage 
The database is in its early stages of use, but the core development of the infrastructure has been 
completed.  Coverage across the United Kingdom is variable with some areas having data densities 
of as much as 25% where as others are only a few percent or even lower.  This should though be 
taken into context of both national and local stock condition surveys, where samples are typically 
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around 1% or less.  Nevertheless, the database is being used particularly as a tool to assist in the 
targeting of Energy Efficiency Commitment activity by some energy suppliers as well as local 
monitoring by local authority officers.  EST is also using HEED to assist in the planning of marketing 
activity at a more regional level.  The user base for HEED will expand during 2006 as greater data 
coverage is achieved and further reports developed. 
 
Evaluation results 
During early 2006, the EST’s Evaluation Department who provide independent monitoring and 
evaluation of EST’s programmes completed an initial evaluation of the HEED project [8]. The findings 
can be summarised as follows:- 

• Overall HEED is an innovative and positive step towards developing a comprehensive tool 
which facilitates monitoring, reporting and targeting for the EE domestic sector.   

• HEED successfully pulls together discrete data into one database; where data can be stored, 
retained and accessed effectively.   

• HEED has started to improve the ability to target areas with the greatest potential for carbon 
savings at the local level.  

• HEED has created the opportunity for new areas of work to be undertaken that have 
previously been very difficult.  This includes setting targets and monitoring progress with 
regional strategic work and more accurate and focused targeting.  

• The current level of data coverage (on a UK wide basis) is viewed as too low for the outputs 
to be crucially valuable to users, so not all expected benefits have been realised. 

These results are encouraging; however significant further work is required especially in improving 
levels of coverage. 
 
Future Plans 
2006 will be a year of consolidation for HEED.  The main focus of activity will be clearing the backlog 
of data, thereby widening the database’s coverage.  In addition to this, further improvements are 
planned to the reporting application and to develop new reports. 
 
Energy Performance Certificate data 
In terms of future data sources, Energy Performance Certificate (EPC) data from the UK’s 
implementation of the Energy Performance in Buildings Directive is the most important in its potential. 
EST has made representations to both Defra and the Office of the Deputy Prime Minister to access 
data from EPCs issued in England and Wales.  However, ODPM have recently announced that this 
data will now not be available  This is a very disappointing decision and represents a huge opportunity 
lost in terms of identifying dwellings with poor energy performance. 
EST is also in discussions with the Scottish Building Standards Agency as well as the Northern 
Ireland Department of Social Development regarding access to EPC data for homes in Scotland and 
Northern Ireland.  It is hoped that this data will be forthcoming. 
 
Energy consumption and emissions statistics 
HEED also offers the potential to assist in the dissemination of Government data.  For example, the 
Department of Trade and Industry (DTI) have released estimates of regional energy consumption for 
gas and electricity [9].  Also, DEFRA have released experimental regional carbon dioxide emissions 
estimates [10].  It is planned as part of a regional summary report that this data be included with 
energy efficiency data from HEED to enable local authority users a ‘one stop shop’ for energy and 
emissions data for their areas. 
 
Monitoring strategies 
There is considerable interest from many HEED users with regard to the development of regional 
monitoring strategies.   Currently, the main focus of interest is with Government Office Region level 
strategies with HEED typically providing baseline data and then subsequent performance monitoring.  
However, perhaps greatest potential use is in the monitoring of performance against the requirements 
of the Home Energy Conservation Act 1995.   As has been described earlier there is no standard 
methodology for HECA reporting in England.  It has been suggested by many local authority users, 
that the logical progression for HEED in future will be to undertake this reporting centrally, thereby 
freeing up time for officers to focus on delivery.  Whilst HEED has been designed to assist HECA 
officers with their reporting duties, it is not currently in a position to take this over fully and further 
development work would be required for this.  However, further discussions with DEFRA regarding a 
more formal role within HECA are expected later during 2006. 
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Conclusion  
 
HEED has only been live and available for use for less than a year.  In that time there have been 
some problems with data loading and with the reporting application but these have largely been 
solved.  The results of the initial evaluation work are also encouraging, as users understand the 
benefits that HEED can bring them if not now, then in the very near future.  HEED may not yet be an 
indispensable tool to assist in the planning, monitoring and targeting of energy efficiency now, but the 
challenges of development and stakeholder engagement have been overcome.   HEED will be a key 
tool in assisting EST in programme delivery as well as other stakeholders in the UK sustainable 
energy arena.  The challenge of fully realising the huge potential that HEED offers is the next to be 
overcome. 
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Abstract and Introduction 
The authors summarize recent research in three key topics in evaluation:1 updated estimates of 
energy efficiency measure lifetimes; decomposition / attribution of appliance price differentials and 
possible alternatives to market share tracking; and an examination of the factors affecting differences 
between perceived energy savings and their actual values for participants.     
In the first section, the authors conducted a thorough and practical review of more than 100 retention 
studies that had been conducted in California to: 

• Identify strengths and weaknesses of studies, and develop “best practices” recommendations 
for this type of study; 

• Apply the results to support updated measure lifetimes for key measures; 
• Identify those measures for which inadequate expected useful lifetimes (EUL) or retention 

information is available. 
In the second section, noting that tracking energy equipment sales and market share is very 
expensive, and we explore the potential of an indirect / parallel method of tracking market progress 
through price indicators.  The research estimated price premiums attributable to the Energy Star® 
feature controlling for differences in other equipment features.  The analysis argues information on 
market progress, market share, and market maturity could be indicated indirectly by tracking this 
“efficiency price premium” over time.   
The last section explores differences between actual energy savings and the perceptions that 
program participants have about the savings they receive.  The authors decided to analyze whether 
there were patterns in discrepancies in perceptions of savings that could be attributed to predictable 
factors, and identify whether these perceptions color the respondent’s opinion of the energy efficiency 
measures, programs, and potentially, the utility itself.  The analysis noted a relationship between 
perceived benefits and other benefits received from the program measures.   
 
Part I. Measure Retention / Expected Useful Lifetimes (EUL) Estimation: 
Results, Best Practices and Common Mistakes 
 
Introduction 
Measure lifetimes, or “expected useful lifetimes” (EULs) represent the median number of years that an 
energy efficiency measure can be expected to remain in place and operational in the field.  This figure 
represents a critical component in the computation of total energy savings that can be attributed to the 
measures installed under a program – the shorter the assumed lifetime, the smaller the savings.  The 
data are inputs to computations of shareholder returns for investor-owned utilities (IOUs) in California, 
and the a priori lifetimes and associated validation study schedule and methods are prescribed by the 
State regulatory agencies.   
In several projects, the authors were tasked with reviewing more than 100 EUL / validation studies 
that were performed as part of the evaluation process “protocols” required by the State.2  We 
reviewed the studies to:  
 

• Assess conformance with prescribed protocols, and review the methods, quality, and the 
justifiability of results.  The analysis allowed us to identify methodological problems with past 
studies and develop “best practices” for the conduct of EUL studies. 

                                                      
1 The EEDAL conference committee requested one paper addressing three topic areas that were submitted separately; thus, 
this paper represents an abbreviated update on three evaluation issues. 
2 The study also examined “technical degradation” studies, which examined the pattern of degradation of incremental savings 
performance by measures over time.   
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• Assemble the EUL results for the various measure types and identify measures that require 
updates to the assumed measure lifetimes. These results of this review of 9 years of studies 
were used to update the EULs for a large database used extensively in planning and 
evaluation protocols.  

• Identify measures for which insufficient retention study information is available.  
 
The studies that were analyzed covered measures for a wide variety of programs in the residential, 
low income, commercial, industrial, agricultural, and military sectors.  For each study, the consultant 
team conducted an exhaustive review of program measures, sampling methodologies and approach; 
field work; data validation; and analysis steps.  The results have implications for others conducting 
retention analyses, as well as those considering or revising protocols or standards related to these 
studies. 
 
For each study, the consultant team conducted an exhaustive review of: 

• Program information, share of program savings covered by the analysis, measures included, 
and other topics related to justification and context for the studies 

• Sampling methodologies, sample quality and justification, quality of field work – including 
data collection approach, treatment of sample, quality of program records and field work 
practices; and 

• Data validation and verification, treatment of sample attrition and sample, statistical 
approach, consideration of alternative models and treatments, and the justifiability of the 
results reported. 

 
We reviewed retention studies and scored them based on 

• Conformance with prescribed protocols for retention analysis 
• Sample characteristics, size, data collection procedures 
• Modeling approach, estimation method and consideration of alternative models 
• Results and implications 

 
Best practices 
The review of the many retention studies showed that the majority of the studies attempted to follow 
the guidelines and suggestions from the protocols, and the studies were generally able to provide 
reasonable and useful EUL estimates. However, there was significant variation in the quality and 
thoroughness of the studies.  As a consequence, we were able to summarize several common 
mistakes in the studies [4]. 

• Small Sample Size. The most common problem with the studies that we evaluated was an 
insufficient sample size. In some cases, a small sample size was the result of an inadequate 
data collection effort, and therefore easily avoidable. However, other studies worked from 
poor population lists (usually obtained from program tracking data). In such cases, sample 
size complications were far beyond the control of the research team.   
Suggestion:  Any possible effort should be taken to ensure a sufficient sample size. 
Inadequate samples can lead to several insurmountable analytical problems, from large 
confidence intervals to models that do not converge.  Utilities need to maintain high quality 
lists – with a view toward evaluation and not just rebate or program invoicing applications.  In 
addition, sample sizes need to vary based on the expected failure date; those items with long 
lifetimes will likely need extremely large sample sizes to detect failures.3   

• Failure to Test Other Models.  Another common mistake was the failure to test several 
models using different statistical distributions when estimating survival functions. Often, this 
occurred when a research team tested different functions for one measure, then applied that 
function to the rest of the measures covered by the study. Because different measures act 
differently, the same model assumptions will not always be justifiable from one type of 
equipment to the next. This caveat is especially important when parametric models are being 

                                                      
3 For example, if multiple failures are desired to provide a reasonable chance for a model “fit” say 3 years after installation, and 
the lifetime of the measure is 15 years (median), and a “normal” curve is assumed for failures with a 5 year standard deviation, 
preliminary computations by the authors suggest it may take surveys (phone or on-site) of 450 sites to detect 2 failures.   
Different numbers of observations would be needed for different assumptions about measure lifetime, distribution, variance, 
and years after program installation, and the sample sizes are very sensitive to (unknown) standard deviations.  The California 
Public Utilities protocols provide sample size and accuracy guidelines.  
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used. Although failure rates may accelerate with time for both refrigerators and air 
conditioners, they may not accelerate in the same way.   
Suggestion:  Statistical programs make it fairly easy to test log-logistic, weibull, gamma, and 
other distributions.  Testing alternatives allows the researcher to identify the best “fit” for the 
failures over time, and improve the chance of identifying appropriate EULs.  Failure rates for 
different types of measures, and for measures of different lifetimes may be expected to 
accelerate in different patterns, and the research should account for that.  

• Ambiguous Failure Dates.  There is often a tendency for inspections and surveys to fall 
short in their attempts to obtain approximate failure dates. Even if the exact date of failure is 
unknown, any additional information regarding when the measure in question failed can be 
used to narrow the censoring interval. Follow-up questions, such as year of failure, season or 
month of failure may produce more accurate responses than simply asking whether the 
measure is still in place at the time of the interview.  Accurate failure date responses are 
easier to obtain when the measure being studied is more noticeable. Even the maintenance 
supervisor for a large and busy building is likely to know approximately when an energy 
management control system stopped working.  
Suggestion:  The best remedy for large failure date intervals when measures are small and 
numerous (such as light bulbs) is more frequent surveys – though this course of action can be 
expensive.  However, if the measure is common or responsible for a large share of savings 
(and potentially a large share of earnings claims) the extra investment may be well justified.  If 
dates cannot be recalled, follow-up questions that identify the season and year of failure or 
removal is essential.  In addition, utility records must also clearly note installation date (which 
did not always happen).   

• Poor Documentation.  Reports need to clearly document the methods, procedures, and 
analyses conducted, and their justification.  The biggest problem that we encountered in the 
review was documentation inadequate to determine exactly what procedures had been 
followed, hypotheses tested, modeling applied, coding adjustments made, weighting schemes 
used, etc. Some reports had included formulae that were not relevant to the models 
estimated.  The documentation step is frequently overlooked but extremely important. 
Suggestion:  Simply put, the documentation must be sufficient to facilitate both (1) thorough 
understanding of the methods used to conduct the study (and justify methodological 
decisions), and (2) the conclusions drawn from the study. Regardless of whether a potential 
reader is reviewing the study for accuracy, to assess shareholder earnings claims, or simply 
trying to gain insights from its conclusions, documentation is critical. 

• Failure to examine results in context.  Very few studies looked “outside themselves”.  
There are now many retention studies that have been conducted across the nation for a large 
number of measures (including previous studies for the same program in many cases). 
Suggestion:  Discussion of results is improved if results are reviewed and compared to other 
studies – earlier studies of the same program, or for programs in other locations – to identify 
similarities, patterns, and differences, and provide a context or benchmark for the findings. 

 
EUL Estimates and Results 
Many of the retention studies assessed programs that included more than one measure.  As a result, 
the extensive review conducted in this project examined EUL results for 301 energy-efficiency 
measures. The quality review allows us to “score” each study in terms of its quality; data, methods, 
and analysis quality all entered into the assessment.  Studies that received a score of “C” or better (in 
a range of high of “A” to a low of “F”) based on how well they conformed to “best practices” (above) 
were considered reliable sources of updated information about median EUL estimates. Table 1 
presents the EUL estimates that could be confirmed, justified, or revised based on the studies that we 
reviewed.  The study provided conclusions on 43 common measures and variations, and the results 
computed by the authors were incorporated into the large California statewide DEER database4 on 
incremental savings, incremental costs, and lifetimes.5 
 
 
 
                                                      
4 DEER stands for the Database for Energy Efficient Resources, and links can be found under energy.ca.gov/deer/. 
5 (1) Measures and results are presented without distinguishing between end use or sector. The end uses covered included: air 
conditioning; HVAC; clothes washers; EMS; lighting; motors, drives and pumps; process; and refrigeration. (2) The sectors 
covered included: commercial, industrial, residential, residential new construction and agricultural. 
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Table 1: Summary of Final Lifetime Estimates 
Measures Median 

Lifetime 
Gas Cooktops  20 
Air Conditioners (SEER >= 11.0); Central Air Conditioners; Gas Dryer Stub; All Energy-Efficient Furnaces 
Installed Through Energy Advantage; Home Program; Duct Testing; High Efficiency Furnace; High Energy 
Efficiency Ducts; Refrigerator - Energy Efficient (20% more efficient); Refrigerators  

18 

CFL Fixture; HID fixture; Adjustable Speed Drive: HVAC fan, 50 HP Max  16 
A/C Central; Evaporative Coolers; Heat Pumps; T8 Fixtures or ballast; Injection molding machines; Plastic 
extrusion equipment; Process cooling; Process equipment insulation  

15 

Install HVAC EMS  14 
Cooking measures (assorted); CFL Fixture (no add'l description); Optical Reflectors- new construction  12 
Electronic Ballast; T8 Fixtures; Delamp/reflectors; Pump repair  11 
Optical Reflectors (retrofit); Adjustable speed drive; Refrigerator Recycling  10 
T8 Lamps  5 

 
The analysis also pointed out several “gaps” in EUL analyses.  Many of these gaps are being 
addressed by upcoming statewide research in California.  

• CFLs and lighting measures are more complex to measure than other energy efficiency 
equipment because the lifetimes vary dramatically based on operating hours.  As such, the 
retention studies / results are beginning to be revised to be stated in terms of operating hours, 
and detailed operating hour studies are being conducted. 

• Many of the measures studied had only limited retention studies, or were only examined by 
retention studies that did not score well in our analysis.  This is important because many of 
these measures are responsible for significant savings in programs across the State of 
California.  Measures of this type include: air compressor equipment (9 equipment types, 
mostly industrial); air conditioning (8 types, including all sectors); cooking measures (2 types, 
commercial); controls and heating (9 measures, mostly commercial/industrial or agricultural); 
lighting (16 measures, many sectors); motors and pumps (25 measures, all sectors); process 
related equipment (12 specific industrial measures); refrigeration (several); shell measures 
(including insulation and glass); and several other types of measures.   

• The study found no retention studies that addressed measure lifetimes for a number of other 
measures included in the statewide DEER database.  These include:  air conditioning 
equipment (more than 16 specific measure types in all sectors); dryers, washers, and water-
related measures (about 25 measures), cooking measures (5 types), controls and heating (17 
measures), lighting (12 measure types), motors and pumps (6 types), refrigerators (dozens of 
measures), shell measures (16 measures) and several other types. 

 
Results and Implications 
This study provided a thorough and practical review of the more than 100 retention studies that had 
been conducted in California, and: 

• Identified strengths and weaknesses of studies, and developed “best practices” 
recommendations for this type of study; 

• Used the results to provide updated measure lifetimes for key measures; 
• Identified those measures for which inadequate retention information is available, indicating 

additional EUL research is needed. 
 
The research provided an opportunity to examine “best practices” in retention studies, and the paper 
lists itemized suggestions on sample sizes, modeling approach, data collection, documentation, and 
the importance of reviewing the results in context – both over time and compared to results from other 
programs including similar measures.   
Most importantly, the results were used to provide updated EULs (provided in Table 1), and to provide 
information to help prioritize future research on measure lives.  Those measures with inadequate 
studies to support reliable EULs included CFLs (research is underway), air compressors, many 
motors and pumps, process equipment, and a number of other measures used in energy efficiency 
programs in the US.  Retention studies on the list of measures with EUL “gaps”  
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Part II. Pricing Analysis and Market Share Tracking 
 
Introduction 
Tracking market share for efficient equipment is an expensive and onerous undertaking.  Sales (and 
even reliable shipment) data are difficult to obtain, and the data are unlikely to become less expensive 
to obtain over time because there are few incentives for manufacturers, distributors, or retailers to 
share this information.  The authors determined to explore whether there might be alternative, parallel, 
and less expensive methods of indicating market progress that might monitor interim progress and 
allow expensive sales data to be collected less often.  We conducted a detailed (internally-funded) 
statistical study to explore the potential of using the “price premium” associated with energy efficiency 
features and the Energy Star® logo on a range of appliances and residential lighting equipment as a 
proxy indicator for market progress.  The approach involved dissecting and monitoring the premium 
associated with efficient equipment compared to standard equipment.  Over time, the goal was to 1) 
track these changes and 2) monitor their relation to changes in other market indicators including 
market shares or sales, and models on display to indicate its potential as a parallel tracking 
mechanism. 
 
Background on Energy Star® and Quantitative Tracking 
The US Energy Star® program is a voluntary labeling program designed to promote, through product 
awareness, the use of energy efficient appliances. Energy Star® qualified appliances are the focus of 
many energy efficiency programs across the US. Increases in market shares of this targeted energy 
efficient Energy Star® equipment are commonly used as indicators of program progress (Reference 
[5]). 
However, in order to obtain such data, detailed and accurate quantitative information about the 
number of Energy Star® units sold is required. Such data are difficult to come by. Retailers are 
hesitant about releasing sales data for public consumption, so in many cases, shipments data are 
used as a proxy for sales. However, these data are also subject to limitation – because shipments 
may cross state lines, tracking within-state market saturation for Energy Star® appliances becomes 
practically impossible – and tracking in areas where multiple utilities may operate within a state is also 
impossible. 
 
Price Analysis as a Proxy for Market Share Tracking? 
The theory we pursued was that changes in sales levels may not be the only indicator of market 
saturation. As Energy Star® models become more abundant – as market share increases – and as 
economics of scale in production improve, reduced price premiums associated with the Energy Star®  
label should occur. Energy Star® price premiums that decrease over time may be, therefore, an 
indicator of growing market share. 
However, the Energy Star® label is not a product itself, but a feature of many products. Simply 
comparing the prices of Energy Star® appliances to their standard counterparts is inadequate: an 
Energy Star® appliance may also have other features unrelated to energy efficiency that contribute to 
a higher price. Moreover, the feature bundles that consumers have to choose from (combinations of 
Energy Star® qualification and other technological aspects of appliances) may not be time-consistent. 
Next year’s high-end refrigerator will probably be technologically superior to today’s, even though both 
come with cutting edge energy efficiency and other features within their proper time period. 
To account for the complications discussed above, tracking of the element of price that is attributable 
to the Energy Star® label can be computed and used (Reference [6]). This Energy Star® price 
element is that portion of the price that can be attributed only to the presence of the label – controlling 
for other features or technological aspects of the appliance that might influence its price. 
In the next section, we demonstrate this methodology by applying it to data collected on both Energy 
Star® and standard models of three types of household appliances. 
 
Price Analysis of Energy Star® and Standard Air Conditioners and Refrigerators 
The data used for this study were collected from several large retail chain stores located in or around 
Boulder Colorado. The data were collected during 2005 and cover a wide variety of appliances, and 
included price and several dozen quantifiable features of the appliances.  The analytical results6 for 
refrigerators, room air conditioners, and dishwashers are presented in this paper.   
 

                                                      
6 Ordinary least squares and log linear models were tested and used for the analysis. 
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In general, ENERGY STAR® appliances come at a premium. Table 2 below summarizes the price 
information from a sample of three categories of residential appliances – refrigerators, room air 
conditioners, and dishwashers.  Rows A, B, and C of Table 2 presents the raw price data for the 
sample of appliances examined. 
In each case, the ENERGY STAR® appliances were more expensive on average.  As discussed 
above, the gross price of ENERGY STAR® equipment is not the best indicator of market progress. 
The price of such equipment is a function of a vector of characteristics, and changes in any 
characteristic can affect the overall price.  
In order to isolate only the price changes associated with the ENERGY STAR® label, we attributed 
elements of the price difference to a laundry list of differences in features for the appliances – 
including the ENERGY STAR® label.  The detailed decomposition analyses and results for each 
appliance are described below. 

• Refrigerators: The results showed a number of factors were related to price, including finish, 
water filter, and other features.  The other significant variables, as well as the insignificant 
factors, are listed in Rows H and I of Table 2.7  Of more interest is the parameter estimate for 
the ENERGY STAR® variable. After stripping away the price impacts associated with other 
features and identifying that portion associated with ENERGY STAR® the price premium 
dropped from a gross of $650 to a net of $251 (comparing row D to row F).  The premium in 
percentage terms fell from 109% to 42% (comparing rows E and G).   

• Air conditioners:  The results showed a number of factors were related to price, including 
height, EER, and multi-function capabilities.  Key significant variables, as well as the 
insignificant factors, are listed in the Table 2.8  Of more interest is the parameter estimate for 
the ENERGY STAR® variable. After stripping away the price impacts associated with other 
features and identifying that portion associated with ENERGY STAR® the price premium 
increased from a gross of $19 to a net of $81.  The premium in percentage terms increased 
from 5% to 22%.9 

• Dishwashers:  The results of the analysis of dishwashers are shown in Table 2.  Features 
that had a significant effect on price included the exterior finish (stainless steel), number of 
wash levels and cycles, and others listed in the Table.10  The Table shows that the gross price 
difference between the dishwashers in our sample that are ENERGY STAR® qualified and 
those that are not is $96.  After accounting for other features, the price premium associated 
with the ENERGY STAR® variable is small and statistically insignificant, and the estimated 
price premium falls from $96 to $12 (or less), and from 27% to about 3% or less.11   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
7 Note that for this appliance, brand or its sister variable manufacturing location (close correlation) was not significant as a 
determinant of price. 
8 Note that for this appliance, brand or its sister variable manufacturing location (close correlation) was not significant as a 
determinant of price. 
9 Limited sample was available for this analysis. 
10 Note that for this appliance, brand or its sister variable manufacturing location (close correlation) was not significant as a 
determinant of price. 
11 While the sample size for non ES models for this appliance was relatively smaller than the ES sample size, these results are 
similar to results we conducted for another client that was based on a larger dataset and showed the price premium associated 
with ES for dishwashers was also zero. 
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Table 2.  Results of Price Decomposition Analysis of Refrigerators and Air Conditioners12 
 Refrigerators Air Conditioners Dishwashers 

A. Average “Gross” price $992 n/a $438 
B. Average “Gross” Price for Energy 
Star® (ES) 

$1,249 $362 $456 

C. Average “Gross” Price for Non 
Energy Star® (NES) 

$599 $381 $360 

D. Average “Gross” price difference 
(ES-NES) (B-C) 

$650 $19 $96 

E. Average “Gross” percentage price 
premium for ES (D/C) 

109% 5% 27% 

F. Average effect of ES label on price 
after accounting for other factors – 
“Controlled” Price Difference 

$251 $81 $0-12 

G. Average ES Effect after 
accounting for other factors (percent) 
– “Controlled” Percentage Price 
Difference 

42% 22% 0-3% 

H. Most significant determinants of 
price 

Energy Star®, Changeable 
color panel, Stainless steel 
finish, Water filter, Ice maker 

Energy Star, height, EER, 
room size features, multi-
functions 

Stainless outside finish, 
Number of wash levels, 
Electronic tap controls, 
Number of cycles 

I. Insignificant variables Freezer location, Access type, 
size, temperature control, 
Adjustable shelves, Side by 
side, Manufacturing location, 
Warranty 

Capacity, electronic 
thermostat, dehumifying 
feature, quick clean filter, 
others 

ENERGY STAR®, Quiet 
mode, Delay start, Energy 
saver setting, Cubic feet 

 
Discussion of Results 
The results for these three appliances were selected because they illustrate different outcomes.  A 
significant gross price differential exists for of the set of large appliances we examined.  However, 
simple comparisons hide the effects of other differences in the equipment – for example, differences 
in size, features/ options, or other factors.  A variety of Energy Star ® programs are designed to affect 
the purchase decision, 13 which is made on a whole product basis.  While consumers look at the entire 
price premium, they also consider tradeoffs in the array of features associated with those higher 
priced models and make decisions based on this joint assessment.  Our analysis approach is well-
suited to decomposing these effects and isolating the effect attributable to Energy Star®.   This 
statistical analysis helps sort out the portion of the price premium that is due to the Energy Star® 
feature – a figure that the price shoppers may estimate in an ad hoc way as they shop and make 
purchasing decisions.    
 
The results of this analysis are the “controlled” price premiums shown in Table 2 (comparing rows F 
and D, and E and G) .  The results show the simple gross price comparisons and the price premiums 
that could be associated with the Energy Star® label, controlling for other differences.   Findings 
evident from this table include: 
• A simple comparison of the refrigerators included in the sample was almost $600, or 109% 

more than standard models; however, after controlling for key features, the remaining price 
differential that appears to be attributable to Energy Star® is about $251 or a 42% price 
premium.   

• The apparent price differential for dishwashers started lower, and also fell after controlling for 
other features.  The price premium associated with the Energy Star® label for dishwashers 
appears to be nearly zero.   

• Air conditioners had an increase in the price premium for Energy Star®.  The results 
demonstrate that, after controlling for the price effects of non Energy Star features, the 
controlled price differential associated with the Energy Star® label increases from $19 (US) to 
$81 (US) – a substantial increase. These results suggest that the even lower-end air 
conditioning units, with fewer features, carry the Energy Star label; thus the average price 
difference between Energy Star® and standard units is obfuscated by the different bundles of 

                                                      
12 Source: Skumatz Economic Research Associates (SERA) data collection and analysis, Superior, CO USA. 
13 Through a variety of interventions, including broad advertising, point of purchase advertising, rebates, and other methods.  
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efficiency and non-efficiency features available for air conditioners.  However, there was an 
interesting pattern and interaction between the Energy Star® label and the EER rating.  The 
effect from Energy Star® was positive ($81) and the effect from the efficiency rating was 
negative (-$64).  The net of these two impacts remains negative (-$16). These seemingly 
contradictory coefficient estimates may be a sign of the success of the Energy Star program’s 
marketing – the label itself increases prices while less-recognizable measures of energy 
efficiency have a deleterious effect, or none at all. 

 
Summary and Implications 
This price decomposition approach was first explored by the authors in 1999 (Reference [6]) and has 
since been applied to work for several clients. Tracking price differentials over time is an important 
application of this work – and this indicator may be used instead of, or in addition to, market share. 
Results from tracking for one client shows that price premiums associated with both appliances fell 
between the two years, potentially demonstrating market progress and indicated that the approach 
shows promise in providing an idea of how mature the market has become. 
The values may also be compared between states or areas for evidence of relative market progress 
of maturity. The authors have conducted empirical price analysis work in states with and without high 
levels of Energy Star® program activity.14 In theory, price premiums for high-activity states should be 
lower than in states where less promotion of the Energy Star® label has taken place.  
The values derived by an on-going series of these price decomposition studies can be compared to 
future studies of a similar nature to look for market effects measured in terms of decreasing price 
differentials from Energy Star® programs. The authors are monitoring this effect on an on-going basis 
(and comparing to other locations) and are collecting data on price and appliance / equipment 
features, in association with the periodic on-site data collection efforts conducted as part of program 
evaluation.  This work has several applications. 

• Tracking market progress toward transformation. Sales and market share data are very 
difficult and expensive to obtain (if they can be obtained at all). Using readily available market 
price data and information of features, a price decomposition analysis can provide an 
alternate source for information indicating progress in the market. Assuming that this indictor 
reflects similar market equilibrium conditions as market share, this proxy variable can provide 
tracking information in a way that is less expensive and complicated to measure than maturity 
of the market, as reflected in a declining premium. Presumably, the lower the premium the 
lower the incremental manufacturing costs, the higher the market share (since consumers do 
not have to pay much extra for this feature), and the more the market resembles the long-run 
equilibrium, the market has moved forward and become more transformed. The results can 
possibly address the question of whether additional or continuing interventions are needed in 
the market, and how quickly the market is progressing toward transformation. In addition to 
comparisons over time, the work can be used to make comparisons to other states or areas 
to assess relative market progress between areas and possibly identify more and less 
successful intervention approaches. 

• Assessing need for new or continuing program interventions. A high or continuing price 
premium may be an indicator that the market is not maturing on its own, or that additional 
interventions may be needed to assist in achieving market transformation – information that is 
fairly reliable and inexpensive to obtain through this method, and can augment information 
from process evaluations or assessments of barriers and logic. The price premium may 
implicitly reflect this “market sate,” though it may not address “why” and additional research 
may be needed. 

• Estimating appropriate incentive or rebate levels. The “controlled” price premiums 
estimated through this approach provide guidance for identifying appropriate levels for 
appliance rebates to encourage purchase of efficient models. This is useful to program 
planners, and may be more reliable than rebate estimates derived form other methods. The 
information on the premium is useful as a reflection of the amount of a price rebate that might 
be needed to encourage consumers to purchase Energy Star® labeled appliances (or reflect 
the maximum threshold at which they would be indifferent). If consumers conduct similar 
tradeoffs of features vs. price as the statistical work assumes, a dollar amount equal to the 
premium associated with Energy Star® should reflect the maximum rebate needed to make 
consumers indifferent between the two models. This estimate makes several simplifying 

                                                      
14 Contact Skumatz Economic Research Associates, Inc. at www.serainc.com for additional information on this topic. 
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assumptions. The first is that the consumer assigns zero value to the stream of energy 
savings that they will receive in the future. If they assign a value to this stream, then the 
rebate could presumably be lower than the estimated associated price increment. Second, if 
they associate with the logo higher quality appliances, the rebate may be able to be set lower 
than the estimate. Third, if they assign differences in maintenance, the rebate may be lower 
than the price premium indicates. 

• Identifying market maturation. A low or zero attributed price premium may prove a useful 
“trigger point” for helping to identify the point at which markets may have matures, and 
program exit strategies may be justified. 

 
Part III. Perceived vs. Actual Savings 
 
Introduction 
Estimates of energy (bill) savings for participants in household (and business) energy efficiency 
programs are crucial to the program evaluation process. For this reason, energy savings estimation is 
widespread, and multiple techniques exist to collect such information. Two common sources of 
estimated energy savings are deemed savings, numbers provided by the utility and obtained by taking 
meter reads, and self-reported savings, numbers provided by program participants through mail or 
phone surveys. 
Each savings estimate source has its own advantages and drawbacks. Deemed savings estimates 
are, in general, more reliable. The utility can monitor energy use from a particular household both 
before and after the installation of energy efficiency measures. However, savings estimates obtained 
through the utility are expensive – they require additional attention to be paid to particular locations on 
the grid, and may necessitate the installation of additional monitoring devices. Confidentiality issues 
regarding private data also inhibit the effectiveness of utility-collected data. As a result, program 
savings are frequently provided by utility companies in terms of program aggregate savings, which are 
much less useful for evaluation and process research. 
In contrast, self-reported savings estimates are comparatively inexpensive to obtain when program 
participants are already being surveyed with regard to other aspects of their experience with the 
program. Self-reported estimates, however, are less reliable, even when participants are explicitly 
aware that measures have been taken to improve the energy efficiency of their home. Average self-
reported savings estimates often differ widely from average deemed savings reports. Although the 
natural presumption is that deemed estimates are more accurate, the discrepancies that arise 
between the two types of estimates are of intrinsic interest – they suggest that some individual 
characteristics, either demographic or related to the participant's experience with the program, create 
inaccurate perceptions of energy savings. These perceptions color the respondent’s opinion of the 
energy efficiency measures, programs, and potentially, the utility itself. The analysis concentrated on 
identifying those factors that affect participant perceptions of energy savings delivered by program 
measures. 
 
Data and Analysis 
The analysis presented used two data sources.  

• The first is telephone survey data collected from a number of participants in a statewide low-
income weatherization assistance program. The program provided low-income residents with 
energy-efficient and other weatherization-related household improvements in an effort to 
lower the energy costs faced by those participants. Many of the improvements included in the 
program are thought to carry non-energy benefits as well.  Information was collected from 
program participants regarding household demographics, changes in energy use and bills as 
a result of the program, and the presence of non-energy benefits, such as increased home 
aesthetics, higher light quality, reduced doctor visits, etc. In order to preserve client 
confidentiality, we do not present descriptive statistics for all of the above-mentioned 
variables. Qualitatively, they all have means and standard deviations within expectations. 

• The second is a set of deemed savings estimates provided by the utility. Household-level data 
were not available. Rather, estimates we provided at the housing unit type level. As Table 3 
demonstrates, housing unit type is an important determinant of both deemed and self-
reported savings. 
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Table 3. Perceived and Deemed Savings by Housing Unit Type15 
Dollars per year Single Family  2-4 units Mobile home or 

trailer 
Perceived savings $532 $359 $659 
Deemed savings $223 $224 $149 
Discrepancy (Perceived - Deemed) $310 $134 $510 
Percent difference (Discrepancy/Deemed) 139% 60% 342% 

 
Models of Discrepant Savings Estimates 
That discrepancies will arise between savings estimates from metering data and self-reported 
accounts of energy savings is to be expected. Since self-reported savings estimates may be easier to 
obtain and free from the confidentiality requirements by which utility data may be bound, an 
examination of potentially predictable biases in self-reported data may be useful. Using the utility and 
survey data described above, we estimate several models of the biases in self-reported or perceived 
savings estimates. 
 
Three different models were run; a description of the approach and the key results follow.   

• Basic Model of Factors Affecting Discrepancy:  We modeled the perceived-deemed 
savings estimate differential (perceived minus deemed savings) as a function of household 
demographic characteristics, the types of efficiency measures implemented through the 
weatherization program, and both health and non-health benefits beyond energy savings. 
This model yields some insight into the determinants of differential savings estimates. The 
only explanatory variable in the model that is statistically significant from zero is “Other non-
energy benefits reported,” which is positive and strongly significant. In addition, the “Health 
effects reported variable”, while not significant at any conventional confidence level, has the 
next-highest t-statistic and is also positive. These parameter estimates begin to suggest a 
pattern of higher biases in perceived savings estimates (relative to deemed estimates) among 
respondents that accrued greater amounts of non-energy effects. 

• Factors Affecting Absolute Value of Savings Differential.  We modeled the same 
specification but replacing the dependent variable with the absolute value of the difference 
between perceived and deemed savings estimates. This model has almost no explanatory 
power. None of its coefficients are statistically discernable from zero and its adjusted R-
squared is actually negative. Jointly, the models presented suggest that, while program 
satisfaction can effect the direction of the bias in perceived savings estimates, it has little 
effect on their magnitude. 

• Modeling Odds of Perceived Savings Exceeding Deemed Savings:  To further investigate 
potential causes of biased or discrepant self-reported savings estimates compared to deemed 
estimates, we estimate a logistic regression that models the odds of perceived savings 
estimates being greater than deemed savings as a function of the variables used in the 
previous models. Unlike the OLS16 regressions above, this model only accounts for whether 
self-reported savings exceeds deemed savings. This decreased sensitivity to dependent-
variable variation makes basic effects related to the particular types of measures installed 
through the weatherization program more easily discernable. For example, the number of 
measures implemented and whether those measures were related to heating or appliances 
were significant determinants of the direction of the self-reported savings bias.  While the 
number of measures implemented overall made an overestimate more likely, the presence of 
measures related to heating or appliance replacement made an overestimate significantly 
less likely. Although this pattern may be due to any number of underlying causes, the most 
direct explanation is that program participants that receive newer or more effective heating 
measures or appliances are likely to use those measures more, especially in the time period 
after they have just been installed. Such behavioral changes might lead to higher energy bills 
and a perception of increased energy costs.  Nevertheless, the presence of non-energy 
benefits was again a significant determinant of the direction of the bias in self-reported 
savings. Respondents that reported experiencing positive non-energy benefits were much 
more likely to over-report their energy savings relative to deemed savings estimates. 

 

                                                      
15 There were too few responses from multi-unit apartment buildings to present the results separately. 
16 Ordinary least squares 
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Non-Energy Benefits (NEBs) 
The results showed that perceived energy savings were closely related to the level of non-energy 
benefits the participants received from the program measures.  Non-energy benefits (NEBs), or non-
energy impacts,17 represent the array of effects – other than energy savings – that participants receive 
from the efficient measures.18  NEBs may include changes in maintenance, comfort, productivity, 
equipment performance / features, number of sick days, and many other effects.  The authors have 
conducted detailed work measuring and valuing these “hard to measure” NEBs. NEBs were 
measured as part of the project described in this section. 
The results imply that those households that perceive higher energy savings than they may have 
received are also those that ascribe high values of NEBs to the program. This provides a double 
effect, in a sense.  Conversely, those that perceived low savings also tended to believe that there 
were few “other” benefits delivered by program measures as well. Depending on which way the 
causation works, the result may provide an opportunity for utilities to improve the perception of their 
program by highlighting NEBs associated with the program.  
 
Relationship Between Perceived Savings and Program Satisfaction  
Finally, models were run to explore the relationship between perceived savings and program 
satisfaction.  Categorical information was available on the level of satisfaction or dissatisfaction with 
the program.  Statistical analyses of the discrepancies between actual and perceived savings and the 
level of program satisfaction were conducted.  The results indicated that perceptions of high savings 
were correlated with high program satisfaction.  In future projects, the authors are undertaking work to 
examine these relationships controlling for differences in a number of underlying attitudinal factors 
(“self-efficacy”, see Reference [7] on this topic).   
 
Conclusion 
Though the variability in self-reported savings estimates is to be expected, we can draw some 
interesting and potentially useful conclusions about the nature of that variability. The first such insight 
is that, while the magnitude of biases between self-reported and deemed energy savings estimates is 
largely random, the direction of that bias is, at least to an extent, predictable. The OLS and logit 
models presented in the previous section demonstrate that the presence of non-energy benefits 
associated with program participation is a significant determinant of a higher-than-deemed perceived 
savings estimate. In particular, participants that experienced such an effect quoted annual savings 
estimates that were, on average, $700 than deemed. Additionally, the presence of such non-energy 
effects substantially increased the odds that a respondent would present a perceived savings 
estimate that exceeded the estimate generated by the utility company. 
The ability to predict the direction of biases in perceived savings estimates suggests some ability to 
correct for those biases. If it is believed that non-energy benefits should be uncorrelated with energy 
savings for a particular program, one possibility is simply to remove the estimated savings differential 
that can be attributed to the non-energy benefits variable.  
It may be the case that the significance in determining differential savings estimates of non-energy 
benefits is a symptom of high levels of program satisfaction interfering with the energy savings 
estimation process in phone interviews. If this is the case, detailed questions about program 
satisfaction, both overall and with respect to specific program components, may be useful in 
controlling for a satisfaction-savings bias effect. 
It is possible that the consistent significance of the non-energy benefits variables included in the 
regressions is due to a latent connection between higher-than-average energy savings and the 
presence of non-energy benefits. Although we have attempted to control for such an effect, the 
possibility remains that non-energy benefits variables do not act as a proxy for program satisfaction. 
Finally, the sample of participants in our study is comprised of households at 150% of less of the 
Federal Poverty Line. The energy-efficiency measures that were implemented in their homes via the 
program were targeted specifically at reducing energy (and water) bills, and they were not charged for 
the modifications that were made. The dynamics of the relationship between deemed savings, 
perceived savings, and participant demographic characteristics may differ for low-income participants 

                                                      
17 These are actually “net” non-energy benefits, computed as the net of positive and negative effects, delivered by efficient 
equipment above and beyond the services and benefits that would be provided by (new) standard equipment. 
18 The authors have actually separated NEBs into three groups or “perspectives”, based on the beneficiary.  There are NEBs 
accruing to the utility/implementer (changes in Transmission and Distribution (T&D) losses, bill collection changes, and others); 
societal NEBs (including emission reductions, economic multipliers, etc.), and the participant impacts mentioned in the text.  
The authors have conducted many studies of these effects; examples include Reference [1] among others. 
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compared to program participants that undertake energy efficiency improvements under different 
circumstances – especially if money is exchanged for those improvements.  
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Abstract: 
Specific electricity consumptions are increasing at the highest rate among electricity consumptions in 
Western European countries. For that reason the authorities are paying much attention to energy 
consumption evolution of specific electricity end uses and to efficiency of equipments.  
Orientation of energy policies and transposition of future European directives on eco-energy services 
need a better understanding of the dedicated energy consumption and the study of energy 
conservation potential by replacing each appliance by the most efficient available on the market. 
The complete study proposes an evaluation of the total amount of specific electricity consumption for 
dwellings at the French scale, and gives details about energy consumption of each equipment with 
several options. Items about the most efficient available devices are listed at this level. 
The study evaluates amounts of potential electricity conservation at the French scale. The results are 
in terms of electricity consumption avoided, cost of the investment, and cost of every avoided mega 
watt hour. The measure studied is the replacement of one electric device by another one more 
efficient equivalent electric device, same energy vector or type used. 
The amount of electricity that can be saved has been estimated. They are presented, discussed and 
compared to gain achievable with energy efficiency in thermal uses of energy (heating and domestic 
hot water).  
Most of the economy can be obtained by replacement of cold appliances and lighting. In terms of cost 
of avoided MWh, lighting comes first, and then, cold appliances. 
Compared to thermal uses of energy in dwellings, the gains are much lower but specific electricity 
consumptions are growing much faster than thermal uses of energy in European countries and so 
deserve to be carefully looked at. 
 
 
1 Introduction 
 
The object of this study [1] is to evaluate the impact of  technical energy conservation measures on 
specific electricity uses by substituting one device by another electrical and more efficient one. 
 
For every type of device, lighting, appliance, we have been looking for :  

- The energy saving (final consumption) realised at the scale of the equipment replaced 
(representative of stock standard), 

- The cost of investment (case of CFLs) or overcost between two energy label classes 
(appliances), 

- The lifespan for the equipment 
- The potential energy savings, scaled to the country (France) and to the average home in the 

country, 
- The cost of the avoided MWh due to energy savings 

 
2 Global and by home lighting and appliances electricity consumption 
 
An estimation of global and by home lighting and appliances electricity consumption in France is 
given in the next table. 
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Table I : Estimating global and by home for lighting and appliances electricity consumption in 
France (with an equipment penetration rate of 0,4 for dish washers and 0,3 for dryers) [3] 
 Number of appliances 

(million) 
Total consumption in 
France for main homes 
in 2001(TWh/year) 

By homes consumption, 
main homes 2001 
(kWh/year) 

Lighting  9 365 

Cold 39 18 750 

Clothes washing 22 5 220 

Dish washer 10 3 300 

Dryers 7,5 2,7 360 

Total  38,7 1600 (*) 
(*) if equipped with all appliance listed in Table I 
 
Most of the specific electricity consumptions come from lighting, cold appliances (refrigerators and 
freezers) and wet appliances (washing machines, dishwashers and dryers), around 39 TWh for year 
2001 for main homes in France. 
Hi-fi and video devices and computer’s electricity consumption account for 19 TWh for year 2001 
including standby consumptions, average 750 kWh by main homes. 
Circulators, pumps and ventilation devices add 4 TWh more electricity consumption for one year. 
Total specific electricity consumption is around 61 TWh for year 2001, for a total electricity 
consumption of 130 TWh for all dwellings including 40 TWh for space heating and 18 TWh for DHW. 
 
3 Repartition of electricity consumption 
 
With the others electricity consumptions in homes, video, computer … the repartition of electricity 
consumption can be represented as following [4]. 
Cold and wet appliances consumptions are stable and even slightly decreasing. An explanation is that 
unit consumptions are decreasing but equipment rates and size of equipments are increasing. 
The increase of global consumption in homes is mainly due to increase use of audio visual 
equipments. 
 

Specific electricity consumption in main homes in France (2001)

28%

7%

4%

4%
12%

6%

10%

3%

2%

11%

13% Cold
Clothes washing
Dish washing
Clothes drying
Video
Computer
Standby
Ventilation
Circulators
Others
Lighting

 
Figure 1 : Specific electricity consumption in main homes in France (2001) 
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4 Technical potential savings 
 
Technical potential savings in France using BATs (Best Available Technologies) for appliances that 
can be achieved are estimated between 10 to 15 TWh/year depending on the level of technical 
savings considered, maximum or more realistic (but that even does not mean they are reachable). 
Maximum energy saving could be reached by spreading largely use of BATs (e.g. maximum number 
of CFLs for each home) when more realistic potential is no more than an additional 1.5 CFL by 
household. For information an average of 2.26 CFLs by households was measured in 2003 [5] 
 
Table II : Technical potential savings 

 
Compact 
fluorescent 
lamps 

Cold Clothes 
washing Dish washing Dryers 

Maximum 
savings by 
equipement or 
home 

75 kWh/year 
(1.5 
CFL/home) 
225 kWh/year 
(max 
penetration of 
CFLs 

400 KWh/year 
(by home) 

40 kWh/year 
(by home 
equivalent to 
equipment) 

30 kWh/year 
(by equipment) 

40 to 90 
kWh/year (by 
equipment) 

National 
Technical 
saving 

2 to 5.7 
TWh/year 

6 to 8 
TWh/year 

Less than 1 
TWh/year 0.3 TWh/year 0.3 TWh/year 

 
The most important savings can be obtained on cold appliances and lighting, cold appliances are 
“working” all the time and have the most important park of all appliances, lighting has the second most 
important global consumption. 
 
5 The cost of MWh savings  
 
Then can be evaluated the cost of  MWh savings expressed in euros/MWh. We can use the case of 
CFL to explain the calculation . 
If we take the case of CFLs, we have estimated that the minimum that can be done is to have 1.5 
more CFLs by home. A 18 W CFL replacing a 75 W bulb can save 75 kWh/home per year as the 75 
W incandescent bulb consumption is around 100 kWh per year and consumption is divided by four. 
Initial investment is 4 to 4.5 euros for one 18 W CFL. Life span of the CFL is evaluated to 7 years. 
Consumption economy for this CFL for 7 years will be 7 x 75 = 525 kWh. Cost of avoided MWh is 1.5 
LFC x 4.25 euros / 525 kWh = 12 euros / avoided MWh. 
As we did not use updating rates for the energy savings calculation, the cost of MWh savings is 
minimised as energy savings are maximised during the lifespan of the equipment. 
It has to be kept in mind that the calculation of the cost of MWh savings is rough and very sensitive to 
the parameters used. 
 
5.1 Lighting 
The Best Available Technology for lighting are the Compact Fluorescent Lamps (CFLs). 
Their lifespan is evaluated to be 7 years. 
Maximum energy saving is 75 kWh/year with 1.5 more CFL per household, maximum penetration of 
CFLs would produce 225 kWh/year energy saving, but first figure appears to be closer to realism. 
75 % energy saving is done by replacing incandescent bulb by CFL. 
Investment cost is 4 euros for one CFL. 
Cost of MWh saved is 12 euros/MWh. 
 
For next appliances one type of equipment available on the market is chosen to have a real meaning 
for the cost of MWh savings. Lifespan is estimated to be 10 years for the calculations. 
 
5.2 Cold appliances 
A class refrigerator consumption is 68 kWh per year less than B class equipment of same category 
and the cost is 90 euros more. 
Cost of MWh saved is then 132 euros/MWh. 
Energy saving per household is estimated to 400 kWh/year. 
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5.3 Clothes washing 
A class washing machine consumption is 16 kWh per year less than B class equipment of same 
category and the cost is 100 euros more. 
Cost of MWh saved is then 625 euros/MWh. 
Energy saving per household is estimated to 40 kWh/year. 
 
5.4 Dish washer 
A class dish washer consumption is 40 kWh per year less than B class equipment of same category 
and the cost is 240 euros more. 
Cost of MWh saved is then 571 euros/MWh. 
Energy saving per household is estimated to 30 kWh/year. 
 
5.5 Dryer 
C class dish washer consumption is 80 kWh per year less than D class equipment of same category 
and the cost is 90 euros more. 
Cost of MWh saved is then 111 euros/MWh. 
Energy saving per household is estimated to 40 to 90 kWh/year. 
 
The costs of avoided MWh that appears to be the most interesting are by far the ones associated with 
lighting (8.5 to 12 euros per avoided MWh ). Energy conservation actions on cold are coming next (30 
to 130 MWh euros per avoided MWh). Then dryers are offering some opportunities (75 to 110 euros 
per avoided MWh) due to still high consumption level of this appliance and technological progress 
possible for it. Other appliances, for clothes and dish washing, do not offer interesting economy 
potentials. 
 
6 Conclusion 
 
The study of energy conservation concerning specific electricity shows that potential savings, around 
10 to 20 TWh/year, are much lower than those associated with space and water heating as it has 
been estimated in another study, around 200 TWh/year [2]. These energy savings were estimated 
from technology like better  home ‘s insulation, heat pumps for space heating and solar hot water. 
Nevertheless, specific electricity consumption growth is far more important than space heating 
consumption including all energy types (e.g. average growth rate of  3 % in France versus 1.4 % for 
space heating including all energy types). Thus it is necessary to take it into account although savings 
are much lower. 
Moreover, some of the electricity potential savings are decreasing due to the renewal of appliances 
with better efficiency. Large electric appliances consumptions are lowering since 1990, around 20 % 
from 1990 to 2001. The potential for lighting replacement with CFLs in French households is much 
lower than expected due to an already large use of them ( 2.26 CFLs/household in 2003) and lighting 
consumption is far less than previously expected (365 kWh/year). Standby consumption estimated to 
400 kWh/year for the average French household is even getting more important than lighting. 
In the short term stakes linked with stand by consumptions will be as important as those associated 
with cold appliances or lighting. 
In future studies NICT (new information and communication technologies) and stand by consumptions 
will need to be focused on as their consumptions are becoming as important as those of the other 
better known large appliances. 
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Abstract  
The Commission, through its Joint Research Centre (JRC) has focused a number of its activities on 
electricity end uses including domestic appliances. Better equipment efficiency is the fastest and most 
cost-effective response to limiting growing demand for electricity and to reduce CO2 emissions. Every 
unit of energy saved on electricity corresponds to about 3 units of primary energy avoided. And all of 
these are part of every day life and level of comfort.  [1] 
The status of the electricity end-use consumption is well known for the EU-15, but there is still a lack 
of information about New Member States (NMS) and Candidate Countries (CC). NMS-10 together 
with Romania and Bulgaria that is possible to join EU in 2007 represents around a quarter of the 
population and existing households from EU-15.The household electricity consumption is mainly due 
to appliances and lighting and in these countries the saving potential is much greater than in the EU-
15. The aim of the paper is to show the status of electricity consumption for main appliances and to 
try to identify the saving potential for these in New Member States and Candidate Countries.  
 
 
1. Electricity consumption in residential sector 
 
The electricity consumption in households from NMS and CC (86,5 TWh in total in 2004, 655,4 TWh 
in EU-15 excepting Greece and Luxembourg) was quasi-stable in 2003 and 2004 (fig.1). [2], [3], [4] 
The electricity consumption per capita in residential is under the EU-15 average, excepting Cyprus 
(fig. 2). [2], [3], [4]  At the first view is tempting to say that everything is under control and is not a 
pressing problem as much as the consumption is not over the ‘alarm line’. But with a more careful 
analysis and considering the economical development of these countries, higher than in EU-15, the 
situation is not so optimistic. Electricity consumption per capita in few countries (Slovenia, Czech Rep. 
and Croatia) is close to the EU-15 average and is expected to reach it in the next decade. 
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Figure 1: Electricity consumption in households from NMS and CC (source Eurostat and JRC)  
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Figure 2: Electricity consumption per capita in households from NMS and CC (source Eurostat 
and JRC) 
 
In addition, evaluating the emissions in the New Member States (table 1) [5], is obvious that except 
Slovenia for the rest it will be very easy to reach the Kyoto targets till 2008 without any changes in the 
actual situation.  
Malta and Cyprus which are already over the presumptive targets didn’t sign yet the Protocol and only 
in Estonia greenhouse emissions increased significant between 2002 and 2003 (9,7%).  
 
Table 1:  Greenhouse gas emissions trends and Kyoto Protocol targets for 2008-2012 
(source: European Environment Agency, 2005) 

  
  

Base yr.1 
(million 
tonnes) 

2003 
(million 
tonnes) 

Change  
2002-2003 
(%) 

Change  
base yr.-2003 
(%) 

Targets 2008-
2012 
under Kyoto 
Protocol and  
'Eu burden 
sharing' 
(%) 

CZ 192,1 145,4 1,8 -24,31 -8 
CY 6,0 9,2 5,3 53,33 - 
EE 43,5 21,4 9,7 -50,80 -8 
HU 122,2 83,2 3 -31,91 -6 
LV 25,4 10,5 -0,9 -58,66 -8 
LT 50,9 17,2 -12,1 -66,21 -8 
MT 2,2 2,9 -0,5 31,82 - 
PL 565,3 384 3,7 -32,07 -6 
SK 72,0 51,7 -1,3 -28,19 -8 
SI 20,2 19,8 -1,2 -1,98 -8 

 
Analysing only these it is possible to conclude that in NMS and CC is not a real pressure to foster the 
electricity end-use measures. But will be a mistake if will be not considered also the other aspects, 
including security of supply, the quality of life as well as the medium term development of these 
countries which put a positive pressure for energy savings. 
The electricity price can foster the savings in residential sector, because even now is lower than in 
EU-15 and further increases are likely to happen (fig. 3). [2] 

                                                      
1 The base year for CO2, CH4 and N2O is 1990; for the fluorinated gases 13 Member States have chosen to select 1995 as the 
base year, whereas Finland and France have chosen 1990. As the EC inventory is the sum of Member States' inventories, the 
EC base year estimates for fluorinated gas emissions are the sum of 1995 emissions for 13 Member States and 1990 
emissions for Finland and France. 
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Figure 3: Electricity prices (with taxes) for households in NMS and CC (source Eurostat) 
 
Moreover, the level of prices at the local level is much higher if is taken into consideration the 
purchasing power standard and from figure 4 [2] is clear that the social burden is higher in most of the 
NMS and CC than in many EU-15 countries.  
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Figure 4: Average price of one kWh, all taxes included, in purchasing power standard (PPS) – 
1.01.2005 (source Eurostat) 
 
As a consequence it is possible to say that the electricity consumption is limited at the moment mainly 
due to the social constriction and not because of an efficient use. It is obvious that on the medium 
term, when the life standard will increase, the energy consumption will arrive at the same level as it is 
now in EU-15. At the same time energy efficiency measures can contribute now to easy the social 
burden of the people from NMS and CC, balancing the pressure of prices and keeping the quality of 
life at least at the same level.  
Electricity end-use efficiency can contribute to more relaxed national energy policies, avoiding the 
construction of new power plants and giving a necessary break for finding new solutions to improve 
the energy security in the times of oil and gas crisis.  
Electricity end-use efficiency in residential can be also a key element in changing people behaviour 
from a consumption thinking to a rational use of resources.  
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2. Main appliances in NMS and CC: households penetration and market trends 
 
While electronics started to take a more important share of overall household electricity2 consumption, 
appliances and lighting take the main share representing together around 50% (figure 5) and the most 
attractive saving potential in residential sector. Washing machines together with refrigerators and 
freezers cover around 30% from household’s electricity consumption and are outdate in a higher 
percentage than in EU-15.  

10%

11%

11%
7%

13%

3%

23%
22%

Ηeating
cooling

Lighting

Refrigerators
freezers

Washing
machines

Cooking
dishw asher

Hot w ater

Electronics
(TV, DVD etc.)

Not identif ied

 
Figure 5: Electricity consumption breakdown in households from NMS and CC in yr.2004 
(source JRC) 
 
According to the Green Paper on Energy Efficiency [10] major appliances, all together, have the 
greatest potential of energy savings, between 10 and 35 TWh/yr less energy used in 2010 in EU 
(comparing with yr. 2003, considering two cases: only with current policies and with additional ones).  
This energy saving potential can be reached due to the new efficient technologies (Table 2) already 
on the market and mainly by replacing the outdated appliances from households. 
 
Table 2: Evolution of consumption for major appliances (source [6]) 

Year Appliance 1980 1985 1990 1995 2000 2005 
Energy consumption (kWh) 
Per cycle, 600C coloured 1,7 1,35 1,15 1,1 0,95 Washing 

machines Water consumption (l) 
Per cycle, 600C coloured 

 
130 106 79 61 49 

Refrigerators kWh/yr  360 330 300 250 210 118* 
Fridge-freezer kWh/yr  760 610 600 480 430 254* 
Upright freezer kWh/yr  700 570 530 500 470 224* 
Horizontal freezer kWh/yr  530 410 380 350 310 201* 

*A+ class is considered for yr. 2005 
 
 
2.1. Main appliances penetration 
In NMS and CC appliances penetration in households reached different levels and the average is 
lower than in EU-15 (figure 6).  
 

                                                      
2 Breakdown based on the JRC survey on electricity end-use in NMS and CC 
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Figure 6: Major appliances penetration in households from NMS and CC (source 
JRC)3 

 
The penetration rate of main appliances was identified based on a questionnaire prepared by our 
group and distributed to Ministries, National Energy Agencies, Statistics Institutes and local experts 
from private or state companies energy related. 
For clothes washing machines the penetration rate is very low especially in the accession countries 
where is possible to find one in only 42% of Bulgarian and 49% of Romanian households.  

                                                      
3 from  JRC survey on electricity end-use in NMS and CC 
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Malta registers a higher level than the EU-15 average and Croatia, Cyprus and Slovenia are very 
close to this for clothes washing machines penetration. Following the market sales, in the next years 
is expected that the penetration rate will increase to 100% for all these countries.  
Refrigerators have a more uniform distribution of penetration in NMS and CC, the percentage being 
not so far away from 100%.  
Freezers have a wide range of penetration from a very low level in Baltic countries to a higher one 
than in EU-15 in Slovak Republic, Croatia and Slovenia. One explanation is that many people 
preferred more and more to buy the combo refrigerator-freezer version.  
Considering the penetration rate and the number of existing households in each country was possible 
to estimate the relative number of existing appliances. From the questionnaire campaign was 
identified an estimative average consumption for each type of main appliances in the year 2004. The 
overall figures for NMS and CC are concentrated in table 3. 
 
Table 3: Electricity consumption for main appliances  
(source JRC survey under the REF-REE project [12]) 

10NMS and 3CC: CZ, CY, EE, HU, LV, LT, MT, PL, SK, SI, BG, RO, HR 
existing appliances in households electricity consumption 

number of 
households Refrigerators Freezers 

Clothes 
wash. 

Machines

total 
electricity

consumption 
in hshlds. Refrigerators Freezers 

Clothes 
washing 

machines 
total main 
appliances

[thou.] [thou.] [thou.] [thou.] [TWh] [TWh] [TWh] [TWh] [TWh] 
37650 35375 14530 29265 86,53 10,40 8,69 9,09 28,18 

 
Is important to highlight that the behaviour of the consumers can influence also the electricity 
consumption in the case of clothes washing machines. From our survey in most of the analysed 
countries the consumers still use in a high share the 900C cycle even is not necessary in most of the 
cases.    
 
The absolute potential for energy savings is in the ideal case when all the existing appliances are 
from the most economic A+ class from 2005 (see table 2) and represent 54,82% less consumption 
than is now and 15,45 TWh saved (Table 4). 
 
Table 4: Ideal case scenario (all A+ 2005 yr.) 

10NMS and 3CC: CZ, CY, EE, HU, LV, LT, MT, PL, SK, SI, BG, RO, HR  

  Refrigerators Freezers 
Clothes washing 

machines 
total consumption main 

appliances 
  [TWh] [TWh] [TWh] [TWh] 

savings from 
the present 

consumption
consumption 4,17* 3,69** 4,86*** 12,73 [%] 

potential savings 6,23 5,00 4,22 15,45 54,82 
* considering 40% of outdated appliances with an average consumption of 360kWh/yr. and an average of 250 
kWh/yr for the rest 
** considering 40% of outdated appliances with an average consumption of 700kWh/yr. and an average of 530 
kWh/yr for the rest  
*** considering 50% of outdated appliances with an average consumption of 2,1kWh/cycle  and an average of 
1,45 kWh/cycle for the rest, 175 cycles/yr. 
 
According to CECED [6] around 25% of the existing washing machines and 33% of the refrigerators 
and freezers existing in EU-25 households are older than 10 years. In NMS and CC the share of main 
appliances older than 12 years is even higher: around 50% of the clothes washing machines and 
more than 40% of the refrigerators and freezers. [11]  
From recent studies [7], [8], [9] which analyse the status of the main appliances one of the 
conclusions is that the replacement of outdated equipments (older than 12 years) can be a benefit for 
the cumulated energy demand and the global warning potential both.  
Following these we identified another scenario of replacing appliances older than 12 years and in this 
case the potential savings represents around 32% from the actual consumption and around 9 TWh 
less than now.  
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Table 5: Replacement of the outdated appliances scenario (with A+ 2005 yr.) 
10NMS and 3CC: CZ, CY, EE, HU, LV, LT, MT, PL, SK, SI, BG, RO, HR 

  Refrigerators Freezers 
Clothes washing

machines 
total consumption of 

main appliances 
  [TWh] [TWh] [TWh] [TWh] 

savings from 
the present 

consumption 
consumption 6,98 6,10 6,14 19,22 [%] 

potential savings 3,42 2,59 2,94 8,96 31,80 
 
In the next 10-15 years the penetration rate is expected to increase at around 100% for almost all the 
countries, especially for clothes washing machines and refrigerators. Consequently this tendency will 
determine a corresponding increase in electricity consumption and if the new equipments will be not 
mostly from the efficient ones the waste of energy will continue.  
 
2.2. Market overview 
 
The distribution of market sales of main domestic appliances in 2004, by energy classes are shown in 
the figure 7 and the corresponding energy efficiency index (EEI) in figure 8. 
 
The labelling of appliances is adopted in all the Candidate Countries but the price difference between 
more and less efficient appliances is still a barrier.  
Another barrier is the second hand appliances sold in these countries but due to an efficient campaign 
of the main chains of shops (special rates, less formalities etc.) this secondary and less energy 
efficient market is now very small. 
 
The market trend along the year 2004 was characterised by a slow but clear increase of the A and A+ 
classes share and a quasi-equivalent decrease of the B class. The less efficient energy class sales 
remained very similar at the end of the surveyed period (figure 9) and this seems to be like a ballast of 
energy intensive equipments for the future. 
 
The sales of the main domestic appliances in CC have a still higher share of lower energy classes. 
Energy efficient index (EEI) of the washing machines sold on these markets, 0,231-0,301 kWh/kg, is 
sensible higher comparing with the NMS which are very close to the EU-15 average, 0,210 kWh/kg, 
comparing with 0,204-0,209 kWh/kg in NMS.  
 
The worst situation is for freezers sales where the EEI is 73,6-73,9% in Croatia and Bulgaria and 
between  63,8-67,5% in the New MS. For almost all the NMS and CC less efficient equipments 
represent the highest share of the market sales (more than 53% are from C energy class or less), 
only up to 15% being from A and A+ classes.  
Freezers have also the longest use life from the main domestic appliance: 17 years, comparing with 
an average of 14 years for Refrigerators and 12 for washing machines. Even the needs of the 
consumers are lower for freezers than for refrigerators, the energy saving potential is similar due to a 
higher basic consumption.    
 
Changing the market in order to obtain a significant increase of sales for the most efficient appliances 
will ensure from the beginning a low electricity consumption in households and will avoid future 
corrective measures, usually more expansive.  
By the other part is good to notice that one equipment from C class or less consume on the average 
the same amount of energy as two A+ class equivalent one and can avoid the negative effect of an 
expected higher penetration for appliances in the future years.   
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Figure 7: Major appliances sales in year 2004, by energy classes (source GfK) [13] 
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Figure 8: EEI for major appliances sales in year 2004  
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Figure 9: Evolution of the market sales for main appliances in 8 CEE countries in 
year 2004 (source GfK) [13] 
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3. Final considerations 
 
“In theory market forces would in time produce the most efficient outcome without interference. 
However, given the technical characteristics of the energy markets, there appears to be a need to 
promote and accompany such market-induce change by improving energy efficiency more rapidly and 
thus reducing the demand for energy. Market forces will also continue to be essential when matching 
demand with supply”. [10] 
Main domestic appliances existing in households from NMS and CC didn’t reach the penetration level 
from EU-15 and are outdated and less efficient in a high percentage (around 40% of refrigerators and 
freezers and 50% of clothes washing machines).  
The potential for electricity savings is high and the sales of new appliances as it looks now, even the 
status is very close with the EU-15 markets and the trend is to increase the share of the sold efficient 
appliances, cannot ensure consistent energy savings without additional measures. Less efficient 
appliances seems to reach a temporary lower limit and will preserve a small but not insignificant share 
from the market sales. This will have a medium term negative impact for the efforts to reduce the 
electricity consumption taking into consideration that the life-time of main appliances are between 10-
17 years.  
Supporting the penetration of efficient appliances and lighting will have also a positive impact at the 
social level in the context of smaller incomes than in EU-15 and higher energy prices. 
 
In order to provide better information about energy consumption of appliances, since 1992 is acting a 
framework Directive for labelling of appliances and now is in force (transposed in national legislation) 
also in all the NMS and CC.  
The newly adopted Eco-design Directive is setting requirements applicable to consumer electrical 
appliances and one of the aims is to apply energy efficiency requirements while avoiding the negative 
consequences on environment during the life cycle of the appliance.  
In 2005 was published a Green paper on energy efficiency which is setting the stage and propose a 
set of 25th questions to the public debate for fostering and increasing the energy savings 
achievements. 
 
Few additional measures could contribute to a more effective and faster achievement of electricity 
savings form the residential appliances stock: 
- address the lack of information (costs, technologies available, savings in electricity bill, comparative 
analysis between appliances from different classes etc.), which is recognised to be one of the main 
barriers for energy efficiency. Public campaigns in mass-media can contribute also to aware people 
about or/and obligations for utilities to advertise consumers about an efficient use of energy.  
Education about energy efficiency is another measure to advertise people about energy efficiency 
from the earlier ages. 
- buy-back schemes for outdated appliances with the condition to buy an efficient new appliance (to 
redirect the support for social tariffs is a subject to be studied). This measure was proved for the old 
cars stock exchange happened in many of NMS and CC. This measure will have also an additional 
contribution for the environment collecting in a more effective way the old appliances.  
- minimum energy efficiency standards for appliances or/and for the market together with voluntary 
agreements of the manufacturers can be a good measure in order to eliminate faster the less efficient 
equipments.  
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Abstract 
Assessments made by the Fraunhofer ISI based on detailed technical analyses, a survey in more 
than 20,000 households and studies of the key drivers influencing the future development show that 
the electricity consumption for appliances in households will continue to increase. Above all, little is 
likely to change between 2004 and 2015 with respect to the huge waste of power due to appliances 
running on standby. Although manufacturers have started to implement technical improvements, 
these savings are almost entirely cancelled out by the simultaneous increase in the number of appli-
ances and the introduction of new products and functions. In 2015, 27 % of the electricity consump-
tion for ICT equipment in households will be standby demand, a figure which rises to 55 % in the case 
of ICT infrastructure (broadband, TV, DSL, etc.). A detailed analysis of household electricity 
consumption shows major influences of technical equipment and behavioural factors with respect to 
various types of equipment including household appliances, lighting and the – increasing – use of air-
conditioning systems. 
In order to develop efficient strategies to reduce the electricity consumption of ICT equipment, a com-
prehensive knowledge of both the current power consumption of appliances and the technical saving 
potentials is necessary. In addition, the ISI has been investigating ways to raise consumer awareness 
of the energy they waste by leaving appliances switched on. 
 
 
Increasing electricity consumption for appliances: a technology-based bottom-
up model assessment 
 
The standby consumption of electrical household and office appliances continues to be significant 
world-wide since there is a constant increase in the number of products with standby components. 
The Federal Environmental Agency calculated that standby losses are responsible for wasted elec-
tricity amounting to 3.5 billion Euro every year in German households and offices [2]. Without energy 
policy measures on both national and international levels, there is a great risk that a further increase 
in standby consumption will occur. 
In a recent study by the Fraunhofer ISI [1], the current and future energy demand of electrical house-
hold and office appliances was estimated based on a bottom-up model incorporating the following 
demand-determining components: the stock of appliances, the power consumption in the various 
operating modes and the respective operating times of the appliances (Figure 1). It is important to 
include the off-mode – where the device does not carry out any function and appears to the user to be 
switched off, but is actually still consuming energy – in the discussion of standby losses.  
A drop in electricity consumption between 2001 and 2015 was only assumed for a few appliance 
groups in normal mode. Technical possibilities to reduce the power demand are usually compensated 
or often even overcompensated by increased performance or additional functions. This is especially 
true for ICT appliances and televisions and monitors with LCD technology. There will be a strong 
future growth in the number and thus the power demand of set-top-boxes which are needed for televi-
sion reception. Increasing power consumption is assumed for some appliances in normal mode on 
account of the continued development from purely reception and signal decoding devices to multime-
dia platforms with additional functions. The trend in the household sector towards ever more powerful 
devices with a corresponding increase in the power demand in normal mode will be prolonged in the 
near future. 
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Figure 1: Model to determine the power demand of household and office appliances and the 
associated infrastructure     Source: [3] 

 
A slight decrease in electricity consumption is assumed for most ICT end-use devices in households 
in standby mode. The consumption figures for set-top-boxes, however, are still relatively high at 
around 4 W in 2015. This also applies to some relatively new appliances such as hard disc recorders 
and subwoofers, which are also marketed under the term "home cinema". Under present conditions, 
no significant changes in power consumption are expected in the majority of appliance groups in the 
off-mode up to 2015. 
As far as electrical household appliances are concerned, the stock of appliances is characterised by 
high levels of saturation in refrigerators and freezers, washing machines, cookers, coffee makers, 
microwave ovens, extractor hoods and dishwashers. Strong growth is only expected in coffee-
espresso machines in the medium term. Due to lifetime expectancies of typically 10 to 15 years for 
household appliances, technical changes will only play a minor role in the average consumption of the 
stock up to 2015. Efficiency increases have already been achieved here in the past. Standby losses 
do not occur in simpler appliances. More complex devices require power input in standby mode due 
to electronic operating units, displays or programming units. There is a trend towards more complex 
new appliances with additional functions, e. g. large, multi-colour displays or interface functions. An 
increase in standby power consumption should therefore be reckoned with for new appliances. The 
total electricity demand in Germany for White goods and office appliances in households including the 
associated infrastructure amounted to around 80 TWh in 2004 and will increase by 14 TWh by 2015. 
(Table 1). 
To determine the saving potentials, other factors were included apart from the optimisation of the 
appliance-specific consumption: the development of the stock, the duration of use and the time of use 
of normal operation/standby modes. For the extrapolation of the feasible technical saving potential up 
to 2015 it must also be taken into account how many of the appliances from the stock of 2004 will 
have been replaced by new, optimized appliances by this time. This depends mainly on the average 
useful life as well as the expected market development. It is assumed here that each appliance 
purchased in the future has the optimized power consumption determined in standby. 
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Table 1: Electricity demand of household and ICT appliances in Germany 
Electricity demand (GWh) 

Standby  Normal  
mode Standby Off-mode Total 

Share 
standby & 
off-mode 

2001      
Electrical appliances 55,323 1,659 283 57,264 3.4 % 
ICT end-use appliances 10,788 8,549 1,852 21,189 49.1 % 
ICT infrastructure  557 1,208 192 1,957 71.5 % 
Total 66.668 11.416 2.327 80.410 17.1 % 
2015      
Electrical appliances 55,007 2,128 334 57,469 4.3 % 
ICT end-use appliances 23,165 7,454 1,244 31,862 27.3 % 
ICT infrastructure  2,123 2,591 0 4,715 55.0 % 
Total 80.295 12.173 1.578 94.046 14.6 % 

 
Standby consumption can be reduced by approx. 65 % between 2004 and 2015. This corresponds to 
a possible reduction in the total power consumption by about 9 % which is mainly attributed to ICT 
end use appliances (potential of 21 %) less to infrastructure (6 %) and household appliances (2.3 %). 
Audio and video appliances have especially large saving potentials. With regard to infrastructure, 
optimizing the standby consumption of modems represents a major saving potential. However, in the 
future, this area will probably be dominated by the standby consumption of DSL-/WLAN-routers. They 
account for over 40 % of the saving potential in 2015. 
 
Demographic and behavioural influences on household electricity consump-
tion: results of a broad survey 
 
An efficient energy policy has to be based on up-to-date information about energy consumption and 
use. In the private household sector, a written survey was conducted in 20,235 households in 
December 2002. The primary purpose of this study for the German Ministry of Economics [4] was to 
obtain reliable, representative and internationally comparable energy-related data on the household 
sector. The results of the survey were weighted for representative household structures and extrapo-
lated specifically for each energy source to the total consumption of private households in Germany 
using floorspace, building or household size and region as the main reference variables. 
In addition, the survey provided the opportunity to analyse energy related equipment and structural 
features as well as variables influencing energy consumption. To study the household's electricity 
consumption, its equipment with electrical appliances and lights as well as the use of appliances was 
registered. 
Large domestic appliances as well as televisions, computers, air conditioners, small heaters, water-
beds, aquariums and saunas were included. Almost all households have a washing machine, a refrig-
erator – sometimes combined with a freezer – a television, and an electrical cooker; almost half of the 
households have more than one TV (Figure 2). In the case of cooling equipment, refrigerators and 
combined fridge-freezers have to be added: 99 % of the households have a refrigerator or a combina-
tion, 63 % have an additional freezer. Each household has eight appliances on average from the list 
mentioned in Figure 2. 
The annual electricity consumption was 3,340 kWh on average per household or 1,840 kWh per per-
son. This is significantly influenced by the number of appliances in the households (Figure 3). For this 
graph, all the available appliances per household were simply added without considering their specific 
energy consumption or user behaviour. Analyses of demographic factors showed some relatively 
strong interrelations, e. g. higher electricity consumption with increasing income – but not with 
increasing education – and a higher consumption in single-family houses than in multiple dwelling 
units. 
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Figure 2: Electrical appliances in households 
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Figure 3: Influence of the number of appliances on electricity consumption 
 
An interesting result was the relatively low number of hours during which TV sets and PCs are held in 
standby mode: on average, three hours for TVs and two hours for PCs were mentioned. The maxi-
mum of 14 hours was given by only a few persons. 
Only a small proportion of the respondents were able to provide information about the energy effi-
ciency classes of their appliances which fall under the EU energy labelling directive [5]: between 7 % 
for electrical cookers and 23 % for washing machines. On average, half of these households men-
tioned energy efficiency class A. 
Alongside the appliances, lighting also plays a substantial role in household electricity consumption. 
The respondents counted an average of 25 lamps in their home or 26 per 100 m2. The lowest number 
was 7, the highest 240. About every seventh lamp was an energy-saving one. Some households have 
up to 100 % energy-saving lamps, whereas 36 % do not have this type of lamp at all. From a meth-
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odological point of view it was an interesting and unexpected fact that 90 % of the respondents were 
willing to count their lamps. 
Finally, a multiple regression analysis was applied to the data. It shows the contribution of different 
appliances and socio-demographic variables to the total household electricity consumption. The 
dependent variable in Table 2 is the annual electricity consumption per household [6]. Of course, the 
highest values were found for electric room heating, followed by electric hot water production. 
 
Table 2: Influences on household electricity consumption – regression analysis 
Factors of influence kWh/a  Factors of influence kWh/a 
Electric heating 8,091  PC 184 
Electric hot water 669  TV 111 
Dryer 564  Small heater 74 
Cooler/freezer 499  Lamps, incl. CFL (per lamp) 5 
Aquarium 483  Microwave – 41 
Freezer 421    
Cooler 400  Demographic variables  
Dishwasher 369  Size of household 324 
Washing machine 334  Income (per 250 €/month) 18 
Air conditioning 318  Floorspace (per m2) 11 
Electric oven and hobs 250  Age (per 5 years) 11 
Water bed 249  Education – 114 
Sauna 212  Region (West/East Germany) – 204 

 
It is assumed that not many consumers are aware of the relatively high energy consumption of some 
of the appliances, e. g. a dryer, an aquarium or a water bed. The negative impact of microwaves 
could be the result of a less intensive use of the electric oven or hobs in households with microwaves. 
With respect to socio-demographic variables, there is of course a large influence of the size of house-
holds and floor space. Considerable differences can also be observed between West and East 
Germany: households in East Germany have fewer electrical appliances than those in West 
Germany. 
 
Need for policy action to reduce household electricity consumption 
 
The standby consumption of electrical household appliances, office equipment and ICT infrastructure 
amounted to around 14.7 TWh in 2004 and will not decrease by 2015. This corresponds to more than 
half the output of all the wind turbines producing electricity in Germany. It is equivalent to almost 3 % 
of the total electricity demand of all final energy sectors in Germany. Therefore there is a substantial 
need for action. Although manufacturers have started to implement technical improvements in certain 
types of equipment, such as PCs and TVs, the savings here are almost entirely cancelled out by the 
simultaneous increase in the number of appliances and the introduction of new products. 
The Fraunhofer ISI has been investigating possible ways to raise consumer awareness of the energy 
they waste by leaving appliances switched on. One possibility is the use of a “standby label” affixed to 
electrical appliances, showing for instance how much power the unit consumes in standby mode and 
when in off-mode but still connected to the power supply (Figure 4). The latter state is all the more 
deceptive in that the appliance appears to be switched off but is in fact still consuming a small amount 
of electricity. The potential savings are huge: around 9 million kWh/a could be saved if the most 
efficient technologies were used. There appears to be no legal impediment to the introduction of a 
compulsory labelling scheme, even on a unilateral, national basis. 
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Figure 4: Proposal for a label showing standby consumption 
 
The proposed label should contain two items of information: the power consumption in Watt in 
standby mode split into “standby” and “off”. If, e.g. the television can be completely turned off using a 
switch, the power input when off would be shown as “0 Watt”; there is no off-mode in such an appli-
ance. The next label in Figure 4 shows an appliance which does not have an off-switch, such as a 
set-top box. In this case, the values on the label for “standby” and “off” are identical.  
It becomes more difficult to indicate the power consumption in standby mode if an appliance can have 
several different values, for example a coffee or espresso machine. Two variants are possible here: 
either indicating the lowest automatically achieved power consumption which occurs 15 minutes after 
completion of a main function and is neither influenced by type of main function nor the user. This 
could take into account auto-off functions if these become effective after 15 minutes at the latest. Or a 
range could be indicated, i. e. the minimum and maximum power consumption in this operating mode 
as shown in Figure 4. 
It was not recommended to use the EU classification scheme from A to G for large household appli-
ances, because most of these white goods only consume energy when they are actually in use and 
fulfil their essential function. However appliances for which the EU label already exists should be 
exempted from a new regulation. The same is recommended for some other types of appliances like 
cameras, phones without a mains supply or PCs consisting of single components because measure-
ments are difficult in these cases. The most important reason for exemption is the existence of only a 
small possible technical saving potential. 
As far as large household appliances are concerned, the EU labelling scheme has been quite efficient 
in Germany. In spite of the relatively low level of compliance – which means that only some retailers 
apply the label at the point of sale – the share of energy-efficient A- and B-appliances in total sales is 
very high for most types of appliances and favourable in comparison with other EU-countries [7]. A 
substantial shift from poor to good energy classes was observed in Germany between 1995 and 2000 
[8]. Nevertheless, a more accurate labelling of the appliances could contribute to an even better 
exploitation of the existing electricity saving potentials of white goods. 
Mandatory labelling alone will not be sufficient to promote appliances with low standby consumption 
on the market as quickly and comprehensively as possible. Studies show that development, market-
ing and purchase decisions which favour energy-efficient appliances are most effectively influenced 
by several instruments working together [9].  
 
This is why supportive measures are recommended for the introduction of a mandatory label: 
• campaign for private consumers in connection with the introduction of a label, 
• information and motivation campaigns for retailers as important multiplicators, 
• entering consumption figures to databases of appliances, 
• awarding prizes to particularly energy-efficient appliances such as. is done by, e. g the GEEA [10] 

or the TopTen in Switzerland [11], 
• occasional testing of appliances since the standby labelling is basically a self-declaration, 
• regular consumer surveys on the role of the energy label and purchasing behaviour as well as an 

empirical survey before its introduction on the acceptance and design of the label, e. g. within the 
scope of intensive group discussions with selected groups of buyers. 

These measures are also useful if mandatory labelling is not to be introduced. 
 
Among experts, there is relatively low acceptance of the concept of an obligatory label. Equipment 
producers, in particular, prefer voluntary solutions, e. g. the European Code of Conduct for manufac-
turers (now covering external power supplies, digital TV systems and broadband equipment), existing 
labelling schemes such as the Energy Star [12], the EU Eco-Label or the GEEA label, whereas 
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consumer and environmental organisations suggest minimum energy efficiency standards or a ban on 
equipment that consumes energy when apparently switched off. 
It is expected that the new EU Eco Design Directive will also play a big role in reducing standby 
losses: manufacturers are obliged to reduce the amount of power their products use. This might mean 
a halt to the increasing trend of installing 'sleeping functions' in appliances. 
User behaviour plays a dominant role for electricity consumption in households. Surveys show that 
the majority of consumers consider themselves to be energy conscious and sufficiently informed [13]. 
However, consumers are not aware in any detail of the consumption or of saving options [14]. For 
example, the existing form of electricity bills does not give households a clear overall picture of their 
consumption situation. In Germany, households receive their electricity bill only once a year. They can 
compare it with the previous year and complain about the increased cost, but they cannot allocate 
consumption to the various appliances and types of use. Utilities or consumer organisations offer a 
rental service for metering devices and provide benchmarking figures. However these types of options 
are not yet commonly used. 
New communication channels should be developed for specific target groups taking into account the 
age of consumers, types of households, etc. This requires greater networking and strategic co-ordina-
tion with regard to the content of information programmes and information providers. Successful 
campaigns are organised within a clearly defined regional and thematic framework and take into 
account social interrelations, involve key persons, etc. The Northern Lights Climate Campaign is still a 
good example for a public campaign for climate protection by saving energy and reducing traffic using 
a strategy of participative social marketing [15]. 
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Abstract 
In 2004, buildings were responsible for 32% of global carbon dioxide (CO2) emissions – and this 
share is expected to grow by 2030 [30].  If targeted by well-designed policies, the buildings sector 
promises significant cost-effective CO2 emission reductions worldwide.  Energy efficiency standards 
for appliances and lighting have been demonstrated to be among the most beneficial policies for 
society to save energy and cut CO2 emissions globally.  Low-energy buildings emit a fraction of CO2 
as their counterparts built according to the latest legal standards, while supplying the same service.  
The question emerges: overall, how much CO2 emission reductions can be delivered by the domestic 
sector and what are their mitigation costs in different countries?   
The Central European University has carried out research as background information for the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change that appraised studies 
answering these questions worldwide.  We reviewed 64 studies from 36 countries and 11 country 
groups, spanning five continents, estimating the potentials and costs of energy conservation and CO2 
reduction in buildings of different countries from the world.   
The paper analyzes the results of this research, placing a special emphasis on domestic appliances 
and lighting.  Above all, the paper reviews how much cost-effective CO2 reduction potential can be 
tapped in the residential buildings around the different world regions.  Then, it identifies the role of 
lighting and domestic appliances among the most effective CO2 mitigation options through different 
rankings.  Finally, the paper constructs and compares a few supply curves of conserved CO2 to show 
the cost range of these options in different countries.  The paper concludes with a global estimate of 
carbon mitigation potentials in the domestic sector, calculated based on the available studies, and 
identifies this sector’s possible contribution to the global CO2 emission baseline. 
 
 
Introduction: domestic buildings for climate mitigation 
 
In 2004, the world’s buildings consumed approximately 37% of the global energy supply and emitted 
32% of all CO2 emissions [30].  These shares will grow: in 2030, buildings are expected to contribute 
35-42% to global CO2 emissions [30].  At the same time, buildings are often considered as “gold-
mines” of GHG mitigation worldwide [34].  This is especially true for residential buildings: according to 
an estimate by the Intergovernmental Panel on Climate Change (IPCC) in its Third Assessment 
Report [15], residences account for about 60% of the total GHG mitigation potential housed by all 
types of buildings in 2050. 
Numerical case studies developed for different countries have identified abundant opportunities to 
mitigate CO2 emissions within the domestic sector proposing a wide range of technological options 
and policy instruments with which countries might influence the wider adoption of these options.  
However, as many experts reported [18, 27], the common problem of national mitigation policies is 
that the efficiency potential in domestic buildings is hard to capture through existing policies because 
mitigation opportunities in this sector are widespread among dwellings as separate units and 
fragmented among end-uses and, thus, are difficult to target.  This is why the role of the domestic 
sector in pursuing the aim of CO2 emission reductions is often underestimated, and many 
opportunities to tap the low-cost mitigation potential in this sector are often overlooked by decision-
makers in many countries [19].   
There is ample evidence that the opportunities for CO2 reduction through increased energy efficiency 
in domestic buildings could account for a significant portion of the sizable CO2 reduction needs 
warranted by CO2 concentration stabilization at socially acceptable levels.  The evidence shows that 
not only is this potential significant, but that most of this potential would actually not imply a cost to 
society, but would represent a financial benefit. However, while a broad range of best practices and 
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cases demonstrate energy savings in buildings as high as 80% at little or no extra cost [14, 28] 
according to the knowledge of the authors and a broad circle of experts in the energy efficiency 
community, a global estimate has not been made recently for the overall CO2 reduction potential in 
residences.  
Thus the questions remain unanswered: how much can the world’s residences contribute to global 
climate change mitigation efforts?  What is the cost of different emission reduction levels?  What the 
most desirable options are in terms of potential size and cost? 
Covering this gap in knowledge, the Central European University carried out research under the 
framework of the work conducted for the IPCC’s Fourth Assessment Report.  The project aimed to 
identify and assess all major national, regional and global studies providing information on energy 
efficiency potentials and CO2 reduction opportunities in buildings, as well as the associated costs.  
The paper summarizes the main steps of the research and analyzes its results for the domestic sector 
with a special focus on domestic appliances and lighting.  After describing the research methodology, 
we present the findings of a selection of studies using a common framework, showing the CO2 
savings potential in residences as well as priorities for mitigating options in different countries.  Then, 
the paper constructs and compares a few supply curves of conserved CO2 to show the cost range of 
these options in different world regions.  The paper concludes with regional and global estimates of 
CO2 mitigation potential in the world’s domestic sector, and electricity associated CO2 savings among 
them, and identifies this sector’s possible contribution to the global CO2 baseline. 
With regard to previous work targeting these questions at the global level, the authors were able to 
locate three pieces of work containing relevant information for the residential sector [2, 13, 32].  
However, these papers were written in 1995 – 1999, and covered studies on a limited number of 
developing countries and economies in transition (EiT).  According to our knowledge, this is the first 
attempt at a broad survey of existing studies from all over the world. 
 
Methodological framework 
 
This section discusses the methodology developed to compare studies estimating CO2 mitigation 
potential in different world regions. 
 
Collection, screening, selection and analysis of studies having different assumptions 
The information about CO2 mitigation opportunities in domestic buildings is not easily available.  We 
contacted over 35 experts (from research institutes, consultancies, the Governments and non-
governmental organizations) from around 20 countries.  In total, 64 studies from 36 countries and 11 
country groups, spanning five continents, estimating the potentials and/or costs of energy 
conservation and CO2 reduction in buildings were identified. We believe we have mapped the majority 
of publicly available important studies in this field in the world.  After the studies were collected and 
their results entered into a database, the largest challenge was to carry out the analysis in a common 
framework while they were based on different methodologies and assumptions.  Below we describe 
assumptions applied during the selection process and the comparative analysis.   
Definitions of the energy end-use sectors 
Several studies did not cover the residential sector as a separate category, but made calculations for 
the entire buildings sector.  In these cases we split this sector into residential and commercial 
buildings where possible associating emission reduction measures and their effects with an 
appropriate sector.  For the case studies of New European Union Member States1 [29], Pakistan [4], 
the Republic of Korea [3] and China [10] where the separation of these sectors was not possible, the 
analysis is provided for both of them. 
Modeling approach used in the study  
The collected studies fall mainly into four categories of models, namely top-down2 and bottom-up3 
models, their hybrids4, and integrated assessment models5.  Since the purpose of the research was to 

                                                      
1 The study considered Hungary, Slovakia, Slovenia, Estonia, Latvia, Lithuania, Poland, and the Czech Republic. 
2 Top-down models tend to find the optimum of sectoral breakdowns brought by setting of carbon targets taking assumption 
that firms behave maximizing their profit.  These models use highly aggregated data as input parameters and predict the 
impacts of fiscal policy measures on the state of economy often translated with a variety of macro-economic indicators. 
3 The bottom-up analysis intends to provide an overview of technological emission reduction options and costs of their 
implication.   
4 Hybrid models are economic models with a detailed representation of the supply side of energy, including transformation 
technologies and reserves of energy carriers.   
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provide an assessment of technological mitigation options and their costs, we selected studies using 
mainly the bottom-up approach or hybrid models.  As one exception, a global assessment of the CO2 
mitigation scenario using an integrated assessment model was included in the analysis [1]. 
Sectoral and technological option coverage 
Different studies applied different delineations of sectors in terms of including indirect GHG reduction 
measures through energy supply side options, different combinations of technological options, and a 
different approach of studies to residences as a single sector or as to new and existing buildings.  
Some scenarios covered a very limited number of measures or options.  For instance, the Thailand 
study [5] included only 3 technological programs related to lights, refrigerators and air-conditioners.   
For those studies where it was possible to split CO2 savings resulted from supply and demand side 
effects for mitigation measures, results in the summary table are presented only for demand-side 
effects.  For studies of USA and EU-25 [20, 21] such separation appeared impossible and results are 
provided for both demand and supply side effects.   
Gas unification 
Almost all studies considered CO2 emissions as the main greenhouse gas associated with the 
domestic sector.  However, some studies also considered options to reduce HFC emissions into their 
analysis, and provided results in terms of CO2eq6.  Where possible, CO2 mitigation potential was 
separated from the overall GHG potential, for example, for the EU-15 case [17].   
Mitigation scenarios 
Another difficulty was to compare studies estimating the mitigation potential as it is and ones 
evaluating national mitigation strategies often aimed at specific aims.  For example, the Asian Pacific 
Group [1] considered the total economic potential for CO2 mitigation in residences in 21 world regions.  
The Indian country study [31] examined a mitigation scenario accounting for emission reductions due 
to opportunities offered by the Kyoto Protocol’s clean development mechanism (CDM).  EURIMA 
report [29] analyzed the impact of the EU Directive on Energy Performance of Buildings concerning 
the heating-related CO2 reduction potential and its cost-effectiveness in the New EU Member States in 
comparison to the frozen efficiency scenario.  The research for USA [21] proposed the advanced 
scenario assuming significant implementation efforts, and a 50USD/ton carbon permit trading fee that 
reflects the adoption of a carbon emission trading system.   
However, perhaps the most important characteristic of mitigation scenarios considered in the studies 
is the breadth of mitigation options considered. Table 1, the column describing mitigation scenarios of 
studies in focus shows that most studies covered a limited number of cost-effective options and 
measures corresponding to national goals. As a result, it is important to note, the estimates in such 
analyses need to be interpreted as low estimates of the real mitigation potential. 
Potential types 
Unfortunately, authors of the majority of studies did not distinguish what kind of potential they 
estimated, namely technical7, economic8 or market9 potential.  Therefore we had to assign the type of 
potential for such studies based on the documented assumptions.  Since, it is the economic potential 
that is of the highest interest, results of studies which estimated this type of potential were used as 
input for a global estimate of the mitigation potential.   
Baseline scenarios 
The majority of the studies identified the mitigation potential as compared to the Business-As-Usual 
Scenario (BAU).  Usually BAU represents a case that might happen if no effort was made to limit 
GHG emissions.  However, even BAU scenarios were defined differently.  For example, the UNEP 
study for Ecuador [11] identified its BAU baseline for the energy system to include all technical 
options that would be economically efficient when GHG limitation is not a policy objective, thus 

                                                                                                                                                                     
5 Integrated Assessment Models combine elements of economic and biophysical systems, and the interactions between them 
into integrated systems. They study responses of human activities on the biosphere and of changed biosphere onto economies.  
6 CO2 equivalent (CO2eq.) is a measure of GHG emissions based on CO2, which has a Global Warming Potential (GWP) of 1.  
GWP provides a means for converting emissions of various gases into a common measure. 
7 Technical potential is the amount by which it is possible to reduce GHG emissions or improve energy efficiency by 
implementing a technology or practice that has already been demonstrated. There is no specific reference to costs here, only to 
‘practical constraints’ although in some cases implicit economic considerations are taken into account. 
8 Economic potential is cost-effective GHG mitigation when non-market social costs and benefits are included with market costs 
and benefits in assessing the options for particular levels of carbon prices in $/t CO2-eq and $/tC-eq [as affected by mitigation 
policies], and when using social discount rates instead of private ones.  
9 Market potential indicates the amount of GHG mitigation that might be expected to occur under forecast market conditions 
including policies and measures in place at the time.  It is based on private unit costs and discount rates, as they appear in the 
base year and as they are expected to change in the absence of any additional policies and measures. The baseline is usually 
historical emissions or model projections assuming current social cost of carbon and no additional mitigation policies. 
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Ecuador does not include any options with negative costs10.  At the same time, the UNEP study 
for Botswana assumed that some efficiency losses are present in the baseline case energy system, 
which implies a potential for reduction options with negative costs [26].  There were some exceptions 
among studies using a frozen efficiency scenario as a reference.  A frozen efficiency scenario implies 
that no energy efficiency improvement and no reduction of specific energy consumption occurs.   
Variation in mitigation cost definitions 
The analysis of studies showed a different understanding of costs associated with CO2 abatement.  
For instance, the Hungarian study [33] as well as the research of the Asian Pacific Group [1] 
calculated marginal CO2 abatement cost, which reflect the cost of one additional ton of CO2 saved.  
Case studies by India [31], Ecuador [11], Korea [3], Pakistan [4] and Thailand [5] assumed the usage 
of incremental costs11 of CO2 abatement more relevant.  Both concepts of the incremental costs and 
the project costs (total and marginal) are relevant for decision-making but the first concept is more 
appropriate for the analysis of social welfare while project costs assist more financial requirements.   
Discount rate 
The cost effectiveness of mitigation options is very sensitive to the discount rate chosen for the 
analysis.  This dependency is due to the difference in the time pattern of costs, the effects associated 
with different options, and national circumstances.  Even small changes in the discount rate can affect 
the costs of future technology options, their relative preferences, and thus reverse ranking of 
technological options.  Thus the study of the Asian Pacific Group [1] used 5% and 33% to highlight 
high investment risk for energy efficiency equipment in the residential sector; the result of the 
reduction potential for the first discount rate was 255 million tons higher than for the second one in the 
market driven case (at the negative mitigation cost).  Therefore, balancing the aim to minimize the 
differences in results due to different discount rates and the aim of including as many studies as 
possible to make a global estimate more thoroughly founded, we selected studies used for our 
analysis if they had a scenario using a discount rate within the interval [3%;10%].   
Projection period 
The majority of studies collected had a target year between 2010 and 2030.  Mostly studies using a 
target year of 2020 were considered for the calculation of the regional and afterwards global 
mitigation potentials, or traced 2020 figures from studies with a longer time-horizon, if this was 
possible.  Studies with target years in the period of 2010 – 2030 but not 2020 were mostly analyzed in 
terms of priority technological options for national mitigation strategies.  For the case studies of EU-
15, Canada and Japan [17, 9, 36] used 2010 as a target year for potential estimates, potential in 2020 
was also projected using an expected increase of the household floor area during the period of 2010 
– 2020 for these regions as a multiplier. 
Other challenges 
One of the most important technical challenges connected with study processing was related to 
incomplete or poorly reported information.  For instance, many studies do not specify the year of the 
currencies making it impossible to recalculate them into a common currency of USD2000.  Technical 
mistakes in studies also created some difficulties with the analysis.   
Supply curves of conserved CO2 and ranking of options 
From a policy-making perspective it is important to identify the priority of options according to the 
amount of potential they tap and their mitigation costs.  A supply curve of conserved CO2 
characterizes the potential savings from a set of climate mitigation measures as a function of the cost 
per unit of CO2.  Initially this method has been developed as an analogue to supply curves for 
commodities used in economics literature.  
For many energy efficiency options the net reduction cost of CO2 is negative.  This means that 
energy saving measures are cost-effective because results of measures are greater than the cost of 
implementing the action, thus resulting in negative cost of conserved CO2. This means that society as 
a whole benefits from introducing this mitigation action instead of paying for it [12]. 
While preparing a summary of the supply curves of CO2 mitigation in buildings for representative 
countries, we faced a few additional methodological challenges. For instance, the mitigation potential 
was reported in different forms.  The analysis corrected these differences by converting the figures to 
annual savings in the target year.   

                                                      
10 The definition of the negative costs for CO2 emission reduction potential is provided in the next section. 
11 The incremental costs are the costs of the resources demanded by a mitigation activity and taken away from another 
alternative use. The incremental costs reflect the value of these specific resource components in the best alternative use which 
can be reflected in either market prices, shadow prices or opportunity costs [12]. 
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Construction of regional estimates for GHG mitigation potential in domestic buildings and its 
aggregation into the global number 
Estimates of the potential for CO2 emission reductions in different world regions was conducted on the 
basis of 14 studies covering 5 continents [1, 3, 4, 6, 7, 8, 10, 17, 20, 21, 22, 23, 24, 36].  The main set 
of studies was selected on basis whether it was possible to derive a separate assessment of the 
economic CO2 mitigation potential in the domestic sector from demand-side options12 in 2020.  If a 
study provided the potential for the both commercial and residential sectors, the potential for the 
residential sector was separated from this amount using the ratio between these sectors in country 
studies available from the same geographical and economic regions.  For the calculation of the 
regional potential, the whole world was divided into 11 regions with similar economic and geographic 
conditions having at least one country for which the selected case studies provided information about 
its mitigation potential for the residential sector.  For such representative countries, we calculated the 
CO2 mitigation potentials per capita and assumed that these indicators are typical for regions.  The 
regional potentials were summed up into the ones for 3 country groups, namely developed OECD 
countries, EiT, and developing countries, and afterwards into the global number.  The obtained 
estimates were compared with the A1 and B2 Marker Scenarios13 from the IPCC [30] and the World 
Energy Outlook projections [37] as the baseline.   
For example, to estimate the CO2 mitigation potential for developed countries we summed up the 
estimates made separately for Western Europe, OECD North America, and OECD Asia Pacific.  In 
turn, to derive the estimate for Western Europe, we summed up four estimates: the one for UK [24], 
another for Germany [23], the third made by us for Turkey, and the fourth made by us for the rest of 
EU-15 countries14 and other 6 countries of Western Europe15.  The estimate for Turkey was received 
by multiplying the potential per capita transferred from the countries of Middle East [1] by the 
population in this country in 2020. The estimate of the potential for the rest EU-15 countries and other 
6 countries of Western Europe was made by multiplying the same amount of potential per capita as in 
EU-15 in 2020 by the population in these countries in 2020.  The estimate of the potential in EU-15 in 
2020 was obtained from that one in 2010 [17] by multiplying it by an increase of the floor area in the 
EU-15 residences within 2010-2020. Since the study for Germany [23] reported the potential for the 
whole buildings stock in 2020, the potential in German residences was estimated applying the same 
ratio between the potentials in residential and commercial sectors as it was found in EU-15.  To 
finalize the estimate of the potential in developed countries, the estimates for OECD North America 
and OECD Pacific were found using the same methodology.  Estimates for EiT and developing 
countries were also split into regions and obtained in the same way. 
 
Cost-effective CO2 reduction potential in the domestic sector worldwide  
 
This section provides the results of the comparative analysis of CO2 mitigation options in buildings.  It 
reviews a selection of studies that could be analyzed in the common framework described in the 
previous sections.  Table 1 below provides a summary for the estimates of different types of CO2 
mitigation potential in different world regions and countries and ranks the most promising options in 
terms of the size of potential and its mitigation cost.   
In absolute terms, the highest economic potential is identified for the USA and the EU-25 among 
developed countries and regions, for China among developing countries, and for Russia among EiT.  
As regarding to the contribution of the CO2 mitigation potentials in national emission baselines, in 
developing countries and EiT the economic potential ranges from 18% in 2020 buildings-related CO2 
emissions in Pakistan and the same amount of potential for the residential emissions in Russia, up to 
89% reduction of CO2 emissions in Ecuadorian residences.  The estimates of the economic potential 
for residential CO2 emission reductions for developed countries in 2020 vary from 16% in New 
Zealand to 39% in Hungary.   
Analysis of developed countries shows the important role of the domestic appliances and lights 
among the most desirable options for CO2 savings in the domestic sector.  Country studies of 4 
developed countries and 7 developing countries having available ranks for option applied in 19 
                                                      
12 As stated before, it was possible for all studies except those for the USA and EU-25 [20, 21], for which the disaggregating of 
the demand-side effects from the supply-side effects was not possible.   
13 Authors [30] considered two scenarios from the IPCC Special Report on Emission Scenarios (SRES) for decomposing future 
CO2 emissions to the sectoral level, A1 and B2 scenarios.  The B2 world is one of increased concern for environmental and 
social sustainability compared to the A1 storyline which is a case of rapid and successful economic development.  
14 Belgium, Denmark, Spain, France, Finland, Greece, Ireland, Italy, Luxemburg, Netherlands, Austria, Portugal, and Sweden. 
15 Cyprus, Gibraltar, Iceland, Malta, Norway, and Switzerland. 
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countries and regions listed in Table 1 identified efficient lighting practices among either the cheapest 
options or alternatives promising the highest potential.  Energy-efficient appliances, especially 
refrigerators, water heaters and air-conditioners are among top 3 measures for about a half of all 
studies from perspectives of costs and the scale of potentials.  For developing countries, for 
example, India [31] and Myanmar [6], the most promising measures in terms of potential at low costs 
are efficient stoves.  The Summary Report of Asian Least-Cost GHG Abatement Strategy [2] 
reviewed 12 developing countries identified that the key measures in existing building stock of Asia 
is insulation, improvements to heating and air-conditioning systems, and improvement of 
lighting systems, and for the new buildings – improvements in stoves.  Some studies targeted the 
impact of standard and labeling programs especially highlighted their cost-efficiency [21, 29, 35, 
38]. 
As was mentioned in previous sections, all these messages, however, should be compared with great 
caution due to the number of specific assumptions applied in modeling as the basis of studies and 
different coverage of technological mitigation options by studies.   
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Table 1: CO2 emission saving potential for the domestic sector in 2020 and the most promising options for its capture  

Potential 
Country/ region Type of 

potential Description of mitigation scenarios Million 
tCO2 

Base-
line % 

Measures with lowest 
costs 

Measures with highest 
potential Notes 

Case studies providing information for Demand-Side Measures 

EU-15 [17] Economic 
17 options: retrofit houses (insulation), heating 
systems, 0/low energy houses, lights & appli-
ances, solar and geothermal heat production. 

188 22% 
1.TV & video; 2.Fridges & 
freezers; 3.Lighting Best 
Practice. 

1.Retrofit: insulated 
windows; 2.Wall insul-
ation; 3.Roof insulation. 

a).4%; d).Fr-
ef.; f).2010. 

Canada [9] Market Fuel switch in water heating & space heating, 
hot water efficiency and the retrofit program. 11 23% N.a. (Not listed in the 

study) 
N.a. (Not listed in the 
study). 

a).10%; f). 
2010. 

Greece [25] Technical 14 technological options: fuel switch, controls, 
insulation, lights, AC, and others. 13 54% 1.Central boilers; 2.Roof 

ventilators; 3.AC. 

1.Shell, esp. insulation; 
2.Lighting & water heat-
ing; 3.Space heating. 

a).6%; d).Fr-
ef; f).2010. 

Hungary [33] Economic 
12 options and measures: building envelope, 
space heating, hot water supply, ventilation, 
awareness, lighting. 

6 39% 
1.Hot water metering; 
2.Flow controllers; 3.Prog 
thermostats for heating. 

1.Post insulation; 
2.Window retrofit; 
3.Appliance procurement. 

a).3%; 
4).2030. 

UK [24] Economic 
27 options: various types of insulation, low-e 
double glazing windows, various appliances, 
lights, heating controls. 

33 24% 
1.Efficient fridge/freezers; 
2.Efficient chest freezers; 
3.Efficient dishwashers. 

1.Efficient gas boilers; 
2.Cavity insulation; 3.Loft 
insulation. 

a).7%; d).BL 
is from [17]; 
e).2005. 

Australia [22] Market Fridges & other appliances, AC, TV, water 
heating, swimming pool equipment. 12 19% N.a. 1.Electronics and stand-

by; 2.Apliances; 3.AC. 
a).5%; 
e).2005. 

New EU 
Member States16 
[29] 

Technical 
Building envelope esp. insulation of walls, 
roofs, cellar/ground floor, windows with lower 
U-value; and renewal of energy supply. 

62 - 1.Roof insulation; 2.Wall 
insulation; 3.Floor 
Insulation. 

1.Windows replacement; 
2.Wall insulation; 3.Roof 
insulation.  

a).6%; d).Fr-
ef; e).2006; 
f).2005;h).All b 

India [31] Market 
Lighting: mixture of incadescents, fluorescent 
tubes and CFLs, replace of traditional 
kerosene and wood stoves and water heaters. 

85 N.a. 
1.Efficient packages of 
lighting; 2.Kerosene 
stoves; 3.Wood stoves. 

1.Wood stoves, 2.Effici-
ent packages of lighting; 
3.Kerosene stoves. 

a).N.A.; 
e).2000; 
f).2010. 

China [10] Enhanced 
market 

Policy measures: energy conservation 
standards, heat price reform, lowest efficient 
standards & labeling for appliances, etc. 

422 23% N.a. (Not listed in the 
study) 

N.a. (Not listed in the 
study) 

a).N.a.; h).All 
buildings. 

Myanmar [6] Technical 4 options: shift to CFLs, switch to biomass 
and LPG cook stoves, kerosene lamps. 1 N.a. 1.Biomass stoves; 2.Ke-

rosene lamps; 3.CFLs.  
1.Biomass stoves, 2.LPG 
stoves, 3.CFLs. a).10%. 

Ecuador [11] Technical 
4 main options: el. appliances, lights, 
improvements in electricity end-uses in rural 
areas, solar water heating systems. 

6 89% 
1.Lights; 2.Appliances, 
esp. rural areas (excl. 
fridges); 3.Fridges. 

1.Appliances, esp. rural 
areas (excl. fridges); 
2.Fridges; 3.Lights. 

a).10%; 
f).2030. 

South Africa [8] Economic 15 options & measures: light practices; appli- 12 61% 1.Efficient use of hot 1.Hybrid solar water a).6%; d).Fr-

                                                      
16 Hungary, Slovakia, Slovenia, Estonia, Latvia, Lithuania, Poland, the Czech Republic.  
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Potential 
Country/ region Type of 

potential Description of mitigation scenarios Million 
tCO2 

Base-
line % 

Measures with lowest 
costs 

Measures with highest 
potential Notes 

ances + their standards & labeling; thermal 
envelope; solar home systems; distributed 
wind generation for local needs; hot water: 
insulation, heat pumps, efficient use. 

water; 2.Efficieny lighting 
practices; 3.Shift from 
incadescents to CFLs. 

heaters; 2.Appliances 
labeling & standards*, 
3.Shift from electricity to 
gas space heaters*, 
4.Insulation of geysers*  

ef.; f).2020-
recalculated; 
i).*-the same 
potential. 

New Zealand [1] Economic 0.3 16% 
Indonesia [1] Economic 13 24% 
Russia [1] Economic 204 18% 
Argentine [1] Economic 4 20% 
Brazil [1] Economic 

9 options: appliances such as fridges and AC, 
lights (shift from incadescents to 
fluorescents), kerosene, electricity and gas 
water heater, kerosene and gas heater, wall 
and window insulation, and others. 5 37% 

Efficient refrigerator, 
electricity and gas water 
heater, kerosene and gas 
heater, lights, AC (not 
ranked). 

1.Efficient fridges, 
2.Fluorescent lamps, 
3.Efficient electric water 
heater (ranking at 
negative marginal cost). 

a).5%; 
b).Integrated 
Assessment; 
d).Fr-ef. 

Republic of 
Korea [3] Economic 

7 options: condensing gas boilers, solar hot 
water systems, insulation standards; AC; 
lights - shift to fluorescents and CFLs; motors 
and inverters. 

20 17% 

1.Heating: gas boilers, 
solar hot water, insulation 
standards; 2.AC; 
3.Inverters & motors. 

1.Lights; 2.Motors & 
inverters; 3.Gas boiler, 
solar hot water system, 
insulation standards. 

a).8.5%; 
e).1998; 
h).All 
buildings. 

Thailand [5] Economic 3 programs: lighting (shift to fluorescents), 
fridges (insulation and compressors), and AC. 15 31% 1.Lighting, 2.Efficient 

refrigerators, 3.AC 
1.Efficient AC, 2.Efficient 
refrigerators, 3.Lighting. 

a).10%; 
e).1997. 

Pakistan [4] Economic 
Electric appliances and other end-use 
devices: lights, fans, refrigerators, water 
heaters, and improvement of building design. 

7 18% 
1.Improved lights, 
2.Efficient ceiling fans, 
3.Refrigerators. 

1.Efficient ceiling fans, 
2.Improved lights, 
3.Building design. 

a).8%; 
e).1998; 
h).All build. 

Studies providing the information about both supply and demand-side options not separating them 

EU-25 [2005] Economic 

Higher energy efficiency measures for 
appliances and lighting, increased use of 
renewable energies, reduced emissions from 
electricity generation. 

220 32% N.a. 

1.Insulation options; 
2.Heating systems; fuel 
switch to gas, RES; DH & 
CHP; 3.Water heating 
(solar thermal). 

a).3-
5%;e).2005. 

Germany [23] Economic 2 options: fuel switch from coal and oil to 
natural gas and biomass, and heat insulation. 31 26% N.a. (Not listed in the 

study) 

1.Heat insulation, 2.Fuel 
switch from coal & oil to 
gas & biomass. 

1.N.a. 

USA [21] Advanced 
market 

Voluntary labeling and deployment programs, 
building codes, standards for equipment, 
government procurement, tax credits, 
expansion of federal R&D expenditures. 

491 

37% 
(for 
both 
R&C) 

N.a. (The study did not 
examine a GHG potential 
supply cost curve). 

1. Space cooling, 2. 
Space heating, 3. Water 
heating. 

a).7%; 
e).1997. 

Notes specify following parameters: a). Discount Rate.  b). Type of models (Bottom-up is omitted). c). GHG covered (CO2 or CO2eq. if omitted);  d). Baseline (Business as Usual 
Scenario (BAU) or similar if omitted). Frozen efficiency scenario is abbreviated as fr-ef. e). Base year (2000 if omitted).  f). Target year (2020 if omitted). g). Costs covered 
(Cost of incremental reduction, abatement costs, costs of avoided or saved or mitigated CO2, marginal costs if omitted). h). Sectors covered (Residential sector is omitted).  i). 
Other important notes. 
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Costs of CO2 limitation: Supply curves of conserved CO2 in different world 
regions 
 
This section integrates eight selected recent reports on supply curves of conserved CO2 from different 
world regions [3, 4, 5, 8, 17, 25, 33, 24].  The supply curves for five representatives of developed 
countries, namely EU-15, Greece, United Kingdom, the Republic of Korea and Hungary, and for three 
developing countries – South Africa, Pakistan, and Thailand are presented in Figure 1.  Despite the 
concern about different assumptions made by different studies, the figure demonstrates the wide 
range of opportunities for cost-effective and low-cost CO2 mitigation in residential buildings in 
all world regions.  All eight studies covered here identified measures at negative costs.  The supply 
curves of developing countries in focus are characterized with a flat slope and lie, in general, lower 
than the curves of developed countries. The flat slope justifies the general perception that there is a 
higher abundance of “low-hanging fruit” in these countries.  More concretely, the net costs of CO2 
mitigation in buildings in these countries do not grow rapidly even over 30-50% of emissions 
reductions.  For developed countries, the baseline scenario assumes that many of the low-cost 
opportunities are already captured due to progressive policies in place or in the pipeline. 
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Figure 1: Supply curves of conserved CO2 for residential sector17 in 202018 for different world 
regions 
Information sources for the data: [3, 4, 5, 8, 17, 24, 25, 33]. 
Notes: Each step on the curve represents a type of measure, such as improved lighting or added insulation.  The 
length of a step on the “X” axis shows the abatement potential represented by the measure, while the cost of the 
measure is indicated by the value of the step on the “Y” axis.  Negative values indicate that the measure has a 
net benefit instead of net cost (e.g., due to avoided energy costs in the case of an energy efficiency measure). 
 
A review of 8 studies [1, 4, 8, 11, 17, 24, 25, 33] assessing the costs of CO2 mitigation in the domestic 
buildings and the whole buildings stock worldwide attests that for most countries a large amount of 
potential can be tapped at negative cost i.e. with a net benefit for the society.  From 18% to 89% of 
the CO2 emissions in the residential buildings of developing countries and EiT studied, and from 11% 
to 25% of those in developed countries, can be captured at negative cost. If measures with costs up 
to US$20/tCO2eq. are considered, some developing countries and EiT may eliminate between 50% 
and 89% of their emissions in this sector; the range of potential that can be tapped at this cost in 
developed countries is 17–28%.   
In Table 2 below we provide an overview of CO2 mitigation options promising to deliver CO2 mitigation 
potential at net economic benefit.  The table clearly demonstrated the priority of energy efficiency 
                                                      
17 For Korea, Pakistan and Hungary the supply curves are provided for residential and commercial sectors. 
18 Except for European Union-15 and Greece, for which the target year is 2010, and Hungary, for which the target year is 2030. 
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improvements in domestic appliances and lighting since these savings bring additional economic 
benefits to the population in these countries. 
 
Table 2: CO2 mitigation options in the domestic sector with net economic benefits  
Country CO2 mitigation options with net economic benefits 
21 world regions [1] Efficient refrigerators; CFLs; gas or kerosene heaters and water heaters; 

efficient gas cooking stove; efficient AC; efficient TV; wall insulation. 
India [31] Efficient wood and kerosene stoves and water heaters in rural and urban 

areas; efficient proportion of lighting technologies in rural and urban areas. 
Botswana [26] Efficient lighting, prepayment meters, geyser time switchers, solar geysers 
Greece [25] Replacement of old central heating boilers, use of low energy bulbs in lighting, 

use of roof ventilators, replacement of old air conditioners. 
EU-15 [17] Efficient TV and video, efficient freezers and refrigerators, efficient lighting best 

practices, wall and roof insulation, new energy efficient residential houses 
Republic of Korea [2] Efficient boilers, solar water systems, insulation standards, fluorescents, CFLs 
Myanmar [2] CFLs, improved biomass and LPG cook stoves, improved kerosene lamps 
Pakistan [2] Efficient lights, efficient fans, efficient refrigerators, efficient in water heaters 
Thailand [5] Efficient lighting, efficient refrigerators 
South Africa [8] Replace incadescents, efficient lighting practices, efficient wood/coal stoves, 

hot plate to gas cooking, heat pumps for hot water, appliance labeling and 
standards, paraffin to gas cooking. 

 
Global carbon mitigation potential in the world’s domestic sector  
 
While there are methodological challenges in aggregating figures of the discussed studies having 
differing assumptions, for global strategy and policy-making it is still often important to know the range 
of the potential for CO2 limitation in the world’s households.  Therefore, we have made a best estimate 
for the global potential in the domestic sector.  Our calculations suggest that by 2020, globally 1620 
million tons of CO2eq. can be avoided annually in this sector.  Adding an estimate for the potential in 
commercial buildings using the same methodology to this figure, about 3 billion tons can be delivered 
through all buildings.  Using the A1 and B2 Marker Scenario from the IPCC [30] and the projections of 
the World Energy Outlook [37] as the baseline, this estimate represents a reduction of 21% - 27% of 
the business-as-usual emissions for buildings in 2020. Due to the limited number of demand side 
end-use efficiency options considered by studies, the real potential is likely to be higher.   
Table 3 provides more detailed information on the CO2 abatement potential in residential buildings 
and the whole buildings stock as a function of costs. The table demonstrates that measures to save 
electricity in buildings, typically from lights and appliances, offer larger and cheaper options to abate 
CO2 emissions than measures related to fuel savings. More concretely, 45% of the potential available 
to tap in the residential sector comes from electricity savings, 88% of this potential is associated with 
negative mitigation costs.  This is especially true for developing countries located in warmer regions, 
which have less need for space and water heating, and almost all potential results from electricity 
savings (89%).  For developed countries and EiT typically located in northern territories, the potential 
resulted from electricity savings is about 30%, almost all this potential can be tapped at negative 
costs.  These tendencies in regard to the share of the CO2 mitigation potential associated with electric 
appliances, equipments and lights, and its costs are very close to those observed in the whole 
buildings stock. 
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Table 3: Economic potential for CO2 emission reduction in residences and the whole buildings stock in 2020 

Notes: * Minimum amount of potential 

 

Potential in domestic 
buildings in 2020 in 
cost classes 
(US$2000/tCO2) 

Potential in cost 
classes in the whole 
buildings stock in 
2020 (US$2000/tCO2) 

Techno-
economic 
potential in 
residential 
buildings in 
2020 <0 0-20 > 20* 

Techno-
economic 
potential in 
commercial 
buildings in 
2020 

Techno-
economic 
potential in 
the whole 
buildings 
stock in 2020 <0 0-20 > 20* 

Emissions 
associated 
with buildings 
in 2020 (range 
in scenarios) 

Potential emission 
reduction in the 
whole buildings stock 
in 2020 versus the 
given baseline Region 

Type of 
potential 
savings 

Mil tCO2 Mil 
tCO2 

Mil 
tCO2 

Mil 
tCO2 

Mil tCO2 Mil tCO2 Mil 
tCO2 

Mil 
tCO2 

Mil 
tCO2 Mil tCO2 SRES 

A1 
SRES 
B2 WEO 

total 1620 1267 264 90 1371 2991 2480 355 156 11,029-14,571 21% 27% 23% 
electricity 
savings 726 696 15 15 791 1517 1487 15 15 6,669-7,971 23% 23% 19% Global 
fuel 
savings 894 571 249 75 580 1474 993 340 141 4,359-7,835 19% 34% 30% 

total 844 689 86 70 682 1526 1306 86 134 4,467-5,929 34% 26% 26% 
electricity 
savings 315 313 2 0 332 647 645 2 0 2,379-3,879 27% 17% 17% OECD  

(-EIT) 
fuel 
savings 530 376 84 70 350 879 661 84 134 1,995-2,223 42% 44% 40% 

total 368 213 151 4 181 549 318 225 6 896 - 1,444 61% 38% 43% 
electricity 
savings 48 48 0 0 23 71 71 0 0 260 – 839 27% 8% 10% EIT 
fuel 
savings 320 165 151 4 158 478 247 225 6 578 – 636 75% 79% 83% 

total 408 365 27 16 508 916 857 44 16 3,711-9,208 10% 25% 16% 
electricity 
savings 364 335 14 15 436 799 771 14 15 1,951-4,097 20% 41% 22%  Non 

OECD 
fuel 
savings 44 30 13 1 73 117 86 30 1 1,759-5,111 2% 6% 5% 

Potential in domestic 
buildings in 2020 in 
cost classes 
(US$2000/tCO2) 

Potential in cost 
classes in the whole 
buildings stock in 
2020 (US$2000/tCO2) 

Techno-
economic 
potential in 
residential 
buildings in 
2020 <0 0-20 > 20* 

Techno-
economic 
potential in 
commercial 
buildings in 
2020 

Techno-
economic 
potential in 
the whole 
buildings 
stock in 2020 <0 0-20 > 20* 

Emissions 
associated 
with buildings 
in 2020 (range 
in scenarios) 

Potential emission 
reduction in the 
whole buildings stock 
in 2020 versus the 
given baseline Region 

Type of 
potential 
savings 

Mil  
tCO2 

Mil 
tCO2 

Mil 
tCO2 

Mil 
tCO2 

Mil  
tCO2 

Mil  
tCO2 Mil 

tCO2 
Mil 
tCO2 

Mil 
tCO2 

Mil  
tCO2 

SRES 
A1 

SRES 
B2 WEO 

total 1620 1267 264 90 1371 2991 2480 355 156 11,029-14,571 21% 27% 23% 
electricity 
savings 726 696 15 15 791 1517 1487 15 15 6,669-7,971 23% 23% 19% Global 
fuel 
savings 894 571 249 75 580 1474 993 340 141 4,359-7,835 19% 34% 30% 

total 844 689 86 70 682 1526 1306 86 134 4,467-5,929 34% 26% 26% 
electricity 
savings 315 313 2 0 332 647 645 2 0 2,379-3,879 27% 17% 17% OECD  

(-EIT) 
fuel 
savings 530 376 84 70 350 879 661 84 134 1,995-2,223 42% 44% 40% 

total 368 213 151 4 181 549 318 225 6 896 - 1,444 61% 38% 43% 
electricity 
savings 48 48 0 0 23 71 71 0 0 260 – 839 27% 8% 10% EIT 
fuel 
savings 320 165 151 4 158 478 247 225 6 578 – 636 75% 79% 83% 

total 408 365 27 16 508 916 857 44 16 3,711-9,208 10% 25% 16% 
electricity 
savings 364 335 14 15 436 799 771 14 15 1,951-4,097 20% 41% 22%  Non 

OECD 
fuel 
savings 44 30 13 1 73 117 86 30 1 1,759-5,111 2% 6% 5% 
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Conclusion 
 
The paper showed that substantial reduction in CO2 emissions from energy end-use in the domestic 
buildings can be achieved over the coming years. There is some divergence of views about how 
much savings are possible in the residences in different countries and world regions. For countries 
reviewed, these estimates were in the range from 16% to 89% of their business-as-usual scenarios in 
2020 with the highest estimates in developing countries and EiT. Our conclusion is that by 2020, 
globally about 1.6 billion tons of CO2eq. can be avoided annually in residences and about 3 billion 
tons of CO2eq. can be delivered through all buildings.  The last estimate represents a reduction of 
21% - 27% of the business-as-usual emissions for all buildings in 2020. Due to the limited number of 
demand side end-use efficiency options considered by studies, the real potential is likely to be higher.   
With regard to costs, the paper attests that there is a wide range of low-cost options to curb CO2 
emissions in the domestic buildings. Developing countries still have a higher abundance of “low-
hanging fruits”, while developed countries have been already capturing low-cost opportunities due to 
progressive policies in place or in the pipeline.  The analysis shows that a large share of the total 
potential in the domestic sector results from improved light practices and the shift to more energy-
efficient electric appliances, especially refrigerators, cook stoves, water heaters and air-conditioners.  
More concretely, 45% of the potential available to tap in the world’s residences comes from electricity 
savings, 88% of this potential is associated with negative mitigation costs.  This is especially true for 
developing countries located in warmer regions, which have less need for space and water heating, 
and almost all potential (89%) results from electricity savings.  For developed countries and EiT 
typically located in northern territories, the potential resulting from electricity savings is about 30% of 
the total amount, almost all this potential can be tapped at negative costs.  These tendencies in 
regard to the share of the CO2 reduction potential associated with electric appliances, equipments and 
lights, and its mitigation costs are very close to those observed in the whole buildings stock. 
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Abstract 
The energy efficiency level of the Italian buildings sector (envelopes, pieces of equipment and 
appliances) is presented.  The possible improvement is evaluated and the tendencies emerging in the 
different areas are analysed. Moreover, after the first year of application in Italy of the innovative 
energy saving policy based on the market scheme of the “white certificates”, on the obligation for the 
distribution utilities to reach energy saving targets and the adoption of new building codes, results 
obtained and possible future developments are discussed. 
 
 
1 Introduction 
 
While the Italian energy intensity is low, the analysis of different sectors shows that there are areas 
where it’s possible to obtain large improvements of the end use energy efficiency.  This is the case, in 
particular, of the building sector, responsible of 30% of the final energy consumption. Not only this 
sector has poor energy performances, but the situation is almost stationary since many years. In fact, 
the energy efficiency in the Italian households sector improved only by 2.9% in 2003 compared to 
1990, whereas the EU average showed an improvement of 8.7% [1]. 
Envelopes of Italian buildings show very poor thermal characteristics, while the efficiency of the 
heating systems and air conditioning is also rather low. Moreover, the energy performances of the 
domestic appliances don’t reach the European average level.   
The situation is however changing in some areas and it’s interesting to analyse the different trends 
that are emerging. In order to evaluate the present situation from the energy efficiency point of view 
and predict evolutionary trends, specific data have been collected through direct consultation of 
industries or industrial associations and from existing surveys.  
 
2 Building’s envelopes 
 
The thermal characteristics of walls and roofs are quite poor. This can be explained by the fact that 
the first code containing specific energy requirements for new buildings was issued only in 1976. 
Three quarters of the existing stock were built before any energy requirement was in place (see Tab. 
1). The building codes, by the way, have been till now quite permissive, with very small upgrading 
during the last 30 years. Moreover, only half of the new buildings are supposed to really satisfy the 
energy regulations due to the absence of controls. 
 
Table 1:  Building stock in Italy 

Construction year Number (million apartments) % 
before 1919 4.746 17,6 
1919-1960 6.729 25,0 
1961-1971 6.090 22,6 
1972-1981 4.921 18,3 
1982-1991 2.523 9,4 
1991-1999 1.925 7,1 

TOT 26.934 100 

Source: Istat 
 
The situation should slightly improve, at least for new buildings, in relation to a new regulation 
approved in August 2005 (the thermal losses should be reduced by 10-15% from 2006 and by 30-
35% from 2009) Table 2. 
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Table 2:  Maximum value of transmittance (W/m2 K) for new buildings 

vertical opaque structures horizontal opaque structures 
Climatic area 

from  1/1/ 2006 from 1/1/2009 from  1/1/ 2006 from 1/1/ 2009 

A 0,85 0,72 0,80 0,68 
B 0,64 0,54 0,60 0,51 
C 0,57 0,46 0,55 0,44 
D 0,50 0,40 0,46 0,37 
E 0,46 0,37 0,43 0,34 
F 0,44 0,35 0,41 0,33 

Source: Legislative Decree 19 August 2005, n. 192. 
 
2.1 Thermal insulation 
The quantity of insulation material used in Italian buildings is quite scarce (Fig. 1). It is worth noting 
that the insulation wall thickness required in Portugal or Germany was, until 2005, two times larger 
than in Italy [2].  
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Figure 1: Insulation thickness of walls in different 
countries 
Source: Eurima  
 
No wonder that insulating material sales are modest, with only a small increase occurred in recent 
years. In Fig. 2 the evolution of use of polystyrene in the building sector is presented, showing an 
yearly average growth rate of 6,3%.  The total volume of insulating material used in buildings is 
estimated by Aipe [3] to be approximately 5,5 million m3/y (72% polymeric, 22% glass wool, 6% rock 
wool), while according to other industrial sources it should be approximately 7,7 million m3/y. 
In any case, it is quite plausible a future increase of the sales due to the new building code. 
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Figure 2:  Extruded polystyrene for the building 
market in Italy    
Source: Aipe 
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2.2 Construction material 
Historically, in Italy there has been a strong use of masonry materials. After the introduction of the 
energy parameter in buildings regulations, a specific attention has been given to the production of 
particular bricks with low thermal conductivity being produced by mixing clay and polystyrene grains 
(Tab. 3).  
 
Table 3:  Thermal resistance (m2 °C/W) of different bricks 
typologies with 25 cm depth 
Heat- insulating brick Perforated brick Solid brick 
0,32 0,47 0,83 

 
The sales of these products have nearly doubled from 1990 [4] (Fig. 3).   
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Figure 3: Insulated bricks market in Italy 
Source: Andil  
 
Considering the insulation requirements for the near future, this positive trend should continue and 
even increase. 
 
2.3 Glazing 
Large part (75%) of the 410 million m2 windows of the residential sector is single glazed [5]. While 
there has been in recent years an increase in the penetration of double glazing, the diffusion of low-e 
glazing is still extremely low (1,5%). The new building code could, however, push the use of more 
insulating glazing. 
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Figure 4: Glazing surfaces installed in Italian 
buildings  
Source: Gepvp 
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3. Heating and cooling 
 
The situation of the building’s heating is characterized by a large diffusion of individual low efficient 
gas boilers. The last years have seen, moreover, a very rapid growth of air conditioning equipment. 
 
3.1 Boilers 
The large majority of the boilers sold each year (1,015 millions in the 2004) are individual low efficient 
gas heaters. Only 6% of the boilers installed in the last 5 years are labelled with 3 or 4 stars.  
An indication of an increasing attention to the efficiency parameter emerges from the data of 
condensing boilers (4 stars) whose installation grew from 20.000 to 34.000 in the period 2000-4 (Tab. 
4). Part of this increase is due to local promotion activities (like the Province of Modena). 
 
Table 4: Distribution of  boilers < 36KW sales  (thousands) 
 2001 2002  2003  2004  

TYPOLOGY   ∆% t ∆%  ∆% 

Only heating   * ** 22 24 9 17 - 38 17 2 

Integrated  * ** 778 779 0,1 852 9 896 5 

Total        *  ** 800 804  870  915  

HI-TECH (***) 34 30 - 13 36 15,3 29 - 22 

Condensing (****) 19 22 13 33 31,7 34 2 

Total 855 858 0,3 939 8,7 979 4 

Source: Assotermica [6] 
 
It’s interesting to note that the Italian industry, that covers large part of the internal sales, is also 
producing high efficient boilers (30% are exported) (tab 5).  The situation is rapidly evolving, due to 
the new building code that obliges the use of at least 3 stars boilers. 
 
Table 5: Sales and export of 3 and 4 star boilers by Italian 
manufacturers 

 2004 Italy export total % export 
Hi-Tech 29.578 2.427 32.005 7,6% 
Condensing 34.451 24.006 58.457 41,1% 

Source: Assotermica 
 
3.2 Air conditioning 
In the last 5 years there has been a rapid increase of air conditioning partly due to very hot summer 
(the maximum air temperature in summer has increased by 1 °C in the last 25 years), but more in 
general to the increase of thermal comfort demand.   
The sales between 2000 and 2005 have boomed as reported in Fig. 5 and Tab. 6.   
Mono-split units represent 74% of the sales. The efficiency of the systems installed (largely imported) 
in the last years was quite low. The introduction of these systems has a negative effect on the power 
demand, as proved by the fact that the summer power peak of the national electric grid is rapidly 
increasing and has almost reached the winter value. 
The energy consumption of systems below 7 kW is estimated to be in the order of 11 TWh/y, with a 
related CO2 emission of 6 Mt/y. This would mean that 10% of the 62 Mt CO2 increase at the national 
level in the period 1990-2004 are connected to the diffusion of small air conditioners.  
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Figure 5: The Italian market for air-conditioners  
Source : Co.Aer [7] 
 
Table 6: The Italian market for air-conditioners in residential and service sectors (thousands) 
 1990-

1999 2000 2001 2002 2003  2004    2005 
(6 months) 

1990-2005

 Typology         

Window air-conditioners  155 7 8 8 11 4 4 199 
Air-conditioners <3 KW 564 53 56 92 143 115 85 1.112 

Air-conditioners   <4KW 453 41 31 41 52 42 20 683 

Mono split < 7 KW   2.231 744 722 749 1.118 1.537 817 7.922 

Total < 7kW 3.405 846 819 892 1.326 1.700 927 9.917 

Mono split  > 7 kW  276 30 38 40 48 59 37 531 
Multi split  - 114 109 134 184 331 230 1.105 

Total 3.682 991 968 1.067 1.560 2.090 1.195 11.55
5 

Source:  Co.Aer [7] 
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Figure 6:  Peak power demand in the Italian electric system 
Source: Terna [8] 
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Figure 7:  Summer mean temperatures in Italy in the period 1958-1999 
Source: Meteo [9] 
 
4 Appliances  
 
If the building sector is characterized by poor thermal performance, a different scenario emerges 
analyzing the appliances in the residential sector. 
Also in this area, until 5 years ago, the situation from the energy efficiency point of view was not very 
brilliant, with a level of energy consumption per appliance higher than the European average.  The 
situation however changed in recent years, thanks to the effect of the European labelling initiative and 
to the elimination from the market of low efficient appliances. 
 
4.1 Refrigerators 
The almost 30 million refrigerator and freezers installed in Italy consume 13,6 TWh/y. The level of 
efficiency is still lower than the EU average, but the situation is rapidly improving.  
The sales of refrigerators of class A and A+ have increased from 8% of total in 1999 to 65% in 2005 
(In Fig. 8 the share of sales in the last 3 years is represented).  
Also in this case it’s interesting to remark that the Italian industry was already producing efficient 
appliances but, until few years ago, these were merely exported. 
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Figure 8:  Refrigerators sales of divided according to the energy efficiency 
Source: Gfk [10] 
 
4.2 Washing machines 
The market trend for this appliance doesn’t show the same evolution of refrigerator  (Fig. 9) 
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Figure 9:   Washing machines sales divided according to the energy efficiency 
Source: Gfk [10] 
 
5 Lighting 
 
About 125 millions discharge lamps were sold in 2003. Of this market’s segment, the Cfl-i (integrated 
Compact Fluorescent Lamp) represent a share of 12%, with an yearly increase of 2,4% in the last 
years (Fig. 10 ).  
The Cfl still represent a small percentage of the total lighting sales of 132 million lamps in the 
residential market (about 6% in the year 2003, with 8 millions), Tab 7. 
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Figure 10: The Italian CFL-i (Compact Fluorescent Lights-integrated ) market 
Source : ASSIL 
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Table 7: The Italian state of discharge lamps market in 2003 
Typology  2003 
 Total market  domestic tertiary 

 millions millions % millions % 
LFL 68,350 7,015 43,5 61,335 69,6 

CFL-ni 14,909 1,018 6,3 13,891 15,8 

CFL-i 12,634 8,075 50,1 4,559 5,2 

HID 8,334 - 0,0 8,334 9,5 

tot 104,227 16,108 100 88,119 100 

Source : ASSIL – annual report 2004. 
 
In 2005 a rapid increase in Cfl sales was reported, due to the introduction of the “white certificate” 
scheme. Enel, the largest electric utility, has distributed 2 millions Cfl lamps. A specific program of the 
Region of Lombardy has contributed to the sales of 250.000 Cfl lamps. 
 
6 The “white certificates” approach to improve the end use energy efficiency 
 
In Italy energy saving targets have been set by law for energy distributors for the period 2005-9. A 
tradable certificate scheme has been launched in order to minimize the reduction costs.  
During the first year of application the amount of “white certificates” presented to the Authority of 
Energy represented an energy saving quantity larger than the 156.000 toe target. Most of the 500 
projects (87%) presented in 2005 have been proposed by ESCos. Many projects have been 
concentrated in the cheapest areas of intervention, like the Cfl or public lighting. 
In this contest, the actions to save energy in buildings had a marginal role. The situation should 
however change in the next years with the introduction of more ambitious reduction targets (2,9 Mtoe 
in 2009) and with the increase of the value recognized to the “white certificates” (at present 100 €/toe 
for 5 years, extended to 8 years in case of energy retrofit of buildings). 
While there should be no specific problems in achieving the 2006 target, set at the same level as in 
2005, the real challenge will arrive in 2007 with the doubling of the energy saving goal compared with 
that of the previous years.  
 
7 Possible future trends of energy efficiency improvements 
 
Considering the context of the Italian legislation, it is reasonable to evaluate that in the period 2007-9 
(and probably also in the period 2010-12, if the energy saving programs will be extended) the “white 
certificate” system could be extended also to the building’s energy retrofit. 
This form of energy efficiency market incentive should go in parallel with more stringent codes derived 
by the adoption of the European Directive on efficient buildings. The energy requirements are at 
present not very stringent (lower insulating values will be required by 2009), but it is possible that 
many Regions will introduce earlier more rigorous parameters.   
 
8 Conclusions 
 
The quality of energy use in the Italian building sector is quite poor, even if there are signs of a 
recovery in specific areas. In Tab. 8 a synthetic qualitative evaluation of the present situation and of 
the possible evolution in different areas is presented. Given the present level of national carbon 
emissions (+13% compared with 1990, with a Kyoto target of -6,5%), the risk of the high costs 
necessary to comply with the Kyoto protocol should push for the adoption of specific policies to 
improve the energy efficiency in the building sector.  
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Table 8:  Present situation and possible evolution of the efficient use of energy in different 
areas of the civil sector 
Technology Energy efficiency situation Energy efficiency  trends (2006-10) 
Thermal insulation   
Glazing   
Boilers  ☺ 
Air conditioning   
Refrigerators ☺  
Washing machine   
Lighting  ☺ 
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Abstract 
Lighting is the one of the largest sources of electricity consumption in residential buildings. Globally it 
accounts for 811 TWh each year; equivalent to 36% of the output of the worlds’ nuclear power plants 
and results in the emission of 471 Mt of CO2. This electricity costs end-users US$98 billion and 
makes-up 72% of the total annual lighting bill (including equipment and labour costs) of US$136 
billion. But some 1.6 billion people have no access to electricity and spend US$38 billion each year on 
fuel for low efficacy lighting that emits a further 200 Mt of CO2.  
It is estimated that existing lighting energy efficiency policies for residential buildings including: CFL 
substitution programmes, minimum energy performance standards and labels for lamps and ballasts, 
building codes and market transformation programmes, are saving 64TWh per annum globally and 
will go onto save 181TWh in 2030 even if they are not strengthened in the future. This amounts to 
10% of global residential lighting consumption in 2030 and will not only save end-users US$17 billion 
in total lighting costs, but will avoid 107Mt of CO2 emissions at a negative net cost of -US$158 per 
tonne.  
Important as savings from existing policies appear to be they are small compared to the cost-effective 
savings potentials that remain to be realised. While in most households round the world inefficient 
incandescent lighting predominates in some countries, most notably Japan, fluorescent lighting is 
preferred. Interestingly, after long and slow progress there are now clear signs that compact 
fluorescent lamps are making major inroads into some key residential lighting markets and that their 
market share is increasing strongly. Nonetheless the remaining savings potential is still huge. Were 
only lighting systems that minimised lifecycle costs while matching consumer light quality needs to be 
installed in residential buildings from 2008 onwards it is estimated that residential lighting 
consumption in 2030 would be 40% lower.  
This paper reports details of the findings summarised above that are taken from a new in-depth 
analysis of global lighting by the International Energy Agency and published in the book; Light’s 
Labour’s Lost (IEA 2006). The quantitative analysis is produced using a disaggregated bottom-up 
model that treats lighting energy use in each end-user sector for seven world regions. Details of the 
model, its method, input data and results are discussed in the text. The paper also reviews 
international policy experience and discusses options for renewed residential lighting initiatives.   
 
 
1. The IEA’s assessment of residential lighting around the world 
 
There are few recent analyses of the breakdown of lighting energy consumption in the residential 
sector. Mills (2002) estimated that lighting in the residential sector consumed 565 TWh of electricity 
globally in 1997; some 28% of a world electric lighting total of 2016 TWh. That analysis, conducted for 
the IEA, was based on a compilation of estimates for 38 countries representing approximately 63% of 
the world’s population. However, there are many reasons to wish to revaluate these figures. The data 
used is now out of date and in some cases has been surpassed by more reliable figures. For 
example, three figures were used for annual residential lighting energy use in the USA which range 
from 94 TWh to 135 TWh based on Vorsatz et al (1997) and Energy Information Administration 
estimates, also reported in Vorsatz et al, respectively. Since that time the US DOE has adopted data 
from a more recent study, the US Lighting Market Characterisation Study (Navigant 2002), that 
reports values based on a marriage of the findings of utility lighting audits and the national residential 
building energy consumption survey of 4832 nationally representative buildings. This found that US 
residential buildings consumed 208 TWh of electricity for lighting in the year 2001. Second, there has 
been exceptionally strong economic growth in some countries since that time, most notably in China 
and this is likely to significantly alter the total. Third, the quality of data reported in most countries cited 
in the review is highly debatable and in many others was non-existent. Given this it the IEA conceived 
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the need to derive new estimates based upon an alternative methodological approach, as outlined 
below. 
 
The new IEA analytical methodology 
The approach adopted in the new IEA analysis is to use all available data to independently simulate 
lighting demand and supply in order to characterise the total installed lighting systems and estimate 
its energy use. Lighting demand in all end-use sectors is analysed via a purpose built bottom-up 
model that divides the world into seven regions: IEA North America, OECD Europe, Japan+Korea, 
Australia+New Zealand, the Former Soviet Union, China and the Rest of the World. For the residential 
sector the model takes account of the number of households connected to the electricity grid, lamp 
ownership per household by type, the average hours of use of lamps, their average power demand 
(including control gear) and their average efficacy levels.  
 
Deriving the lamp mix and hours of use    
Simultaneously to the above, national data was gathered on typical lighting operating hours by 
building type, and on sales by each of twelve major lamp types: linear fluorescent lamps (T5s, T8s 
(differentiated by halo- and tri-phosphor types) and T12s), incandescent lamps (halogen spot lights, 
incandescent reflector lamps and standard incandescent GLS lamps), high intensity discharge lamps 
(high pressure sodium, mercury vapour and metal halide lamps: the use of which is negligible in 
residential applications), compact fluorescent lamps (ballast integrated and non-integrated varieties), 
and LEDs (Light Emitting Diodes). Sales data was also gathered on ballasts by efficiency level. From 
this data, including known divisions of lamp and ballast sales by lighting sector and known lamp and 
ballast lifetime characteristics, it was possible to apply a lamp replacement stock model to estimate 
numbers of lamps and ballasts in the residential building sector by type for each market. If reliable 
data was also available characterising the installed lamp base and use in the residential sector for any 
given country, as in the USA for example, this was used to prime the model. If such data was partially 
available, but was not very consistent or reliable, as in some European countries, this was also used 
to help prime the model. Otherwise, lamp sales data was used in isolation to derive shares of lamp 
type by space function and building type.  
 
Calibrating between data sources 
The process outlined above allows all available data sources to be used to estimate lighting installed 
power levels and full time equivalent hours of use, based on the factors that influence lighting supply 
and demand. The resulting calculations are then used to produce estimates of total lighting energy 
consumption. In the case of the USA they explicitly match the Navigant (2002) values for 2001 
because they reconstruct the same data sources used in that study.  
For other regions, the consistency of the estimates they produce depends on the consistency of the 
supply and demand side data sources available. If there are well respected and credible national 
estimates of residential building lighting energy consumption the loss functions in the model are 
adjusted to be consistent with those. However, if the modelling process establishes that the national 
or regional lighting supply and demand side data are inconsistent an attempt is made to reconcile the 
data based on a judgement of its credibility. When little supply or demand data is available1 defaults 
are used based on international values and some interpretation of local circumstances.  
 
2. Summary of global residential lighting energy use  
 
From the process outlined above it is estimated that 811 TWh of final electricity was consumed by 
residential lighting globally in 2005, Figure 1. This amounts to about 31% of total lighting electricity 
consumption and 20% of total electricity consumption in the residential sector. The lighting systems 
using this energy produced an estimated 19.2 P-lm-hrs of light at an average source-lumen2 efficacy 
of 23.7 lm/W. This is two and a half times less than for commercial lighting and is the lowest of any of 
the major lighting end-use sectors. The residential sector is thus the second most important lighting 
sector in terms of energy use after the commercial sector but is comfortably the least efficient and 
hence the one with the largest available technical savings potential. 
 

                                                      
1 The geographical coverage of the seven regions was chosen as it is largely because data is available within these groupings. 
The greatest assumptions are made for the Rest of World region. 
2 The quantity of light emitted by lamps as opposed to that emitted from luminaries (the lamp and its housing) 
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Figure 1: Estimated residential building lighting energy consumption in 2005 
 
Residential lighting markets vary significantly across the world, in part because different end-users in 
different economic situations have varying lighting needs and budgets. Residential indoor lighting is 
divided between electric lighting for electrified households and fuel-based lighting for most non-
electrified households. Among the electrified group the typical lighting needs and technologies used 
will vary from household utility areas such as kitchens and bathrooms, to recreational areas such as 
living rooms. However, market traditions and cultural trends can play an even bigger role.  
 
Demand for light 
It is important, but often overlooked, in lighting energy efficiency circles to be aware that variations in 
residential lighting energy use are driven by both the demand for light and the efficacy3 of the lighting 
system used. Most policy attention is focused on the latter but there are dramatic variations in the 
former which beg the question of how much light do we need in our homes? In 2005 it is estimated 
that the global consumption of artificial light in the residential sector was 19.3 Peta-lm-hrs of which 
99.6% (19.2 Peta-lm-hrs) was for electric grid-connected lighting and only 0.4% (0.086 Peta-lm-hrs) 
for off-grid fuel-based lighting. The tiny proportion of light delivered by fuel-based lighting occurred 
despite the fact that a quarter of the world’s population still rely on this form of lighting (using paraffin 
(kerosene), diesel, firelight and candles) to provide their domestic lighting needs. 
Overall global average annual consumption of artificial light in the home was about 3 Mega lm-hrs 
(Mlmh) per capita in 2005. But the use of this light is extremely unevenly distributed, even among 
wealthy countries. It may not be surprising to know that an average North American person uses 13.2 
Mlmh of artificial light each year in their home, while an average Chinese person uses just 1.5 Mlmh. 
However, when one considers that the average European or Australasian uses 2.7 Mlmh of artificial 
light per year in their homes and the average Japanese 18.5 Mlmh the differences are clearly not 
purely due to economic factors. These variations are far higher than found in other lighting sectors 
among OECD countries and seem to indicate very different domestic lighting cultures. They also imply 
important potential savings from better management of the demand for light.   
 
Share of light delivered by light source 
Incandescent lamps dominate global lamp sales by volume and the vast majority are destined to be 
installed in the residential sector; however, their short life-time and low efficacy means that they don’t 
dominate total light delivery. Figure 2 shows the estimated share of global electric light provided by 
                                                      
3 The light output per unit of input power (with units of lumen/Watt) 

659



each major light source in the residential sector in 2005. Fluorescent sources provide just over half of 
all source lumens and incandescent sources just under half. In fact this global aggregate picture is 
quite heterogeneous at the national level.  
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Figure 2: Global annual light output for residential buildings in year 2005  
(Total of 19.2 Peta-lumen-hours: source lumens) 
 
 
3. Results by region 
 
Economies range between those that get most of their domestic light from incandescent sources 
(USA, Canada, Australia, New Zealand and the Former Soviet Union Countries) to those that get 
most of their light from fluorescent sources (Japan, Philippines). In between, there are a range of 
behaviours which include: Europe where almost 60% of domestic light is from incandescent sources, 
and China, where less than 30% is, despite incandescent lamps being slightly more numerous than 
fluorescent lamps in Chinese homes. These differences in main lighting technology have enormous 
implications for the amount of energy consumed by domestic lighting, see Figure 3. 
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LFL = Linear fluorescent lamp; CFL = Compact Fluorescent Lamp 
Figure 3: Estimated share of residential-sector light provided by major lighting technologies 
for five major economies in year 2005  
 
Variations in average domestic lighting efficacy 
With the exception of Japan and the few other economies where most residential light is provided by 
fluorescent sources, the efficacy of residential lighting ranges between about 11.5 lumen/W in the 
Former Soviet Union countries to about 29 lumen/Watt in China, Figure 4. The existence and 
development of residential “lighting cultures” is of course the largest explanation of differences in 
domestic electric-lighting efficacy between the regions. The preference of some Asian countries for 
fluorescent lighting compared to the preference for incandescent lighting in the regions with a longer 
tradition of using electric light may well be largely explicable by the nature of the lighting technologies 
available when each region first introduced mass electric-lighting. For example, Japan electrified the 
majority of its households after the development of the fluorescent lamp and during an era when 
fluorescent lighting was a new, advanced and efficient technology that provided large amounts of light 
affordably4. Europe, the Former Soviet Union, North America and Australia/New Zealand had already 
electrified a large proportion of their homes in the pre-fluorescent era and the incandescent lamp had 
established itself as the light source of choice among households. A mixture of cultural inertia and 
wealth probably explains the lack of need felt by these regions to make greater domestic use of 
fluorescent lighting, although there are some signs of change. In Europe CFLs account for 10% of 
installed residential lamps and total an average of about 2 lamps per household. The size of the 
market is increasing and if current trends continue it is estimated there will be almost 8 CFLs per 
European household by 2030; slightly more than a quarter of the total number of installed lamps. The 
number of CFLs per home is also increasing in North America but from a lower base. There are 
currently estimated to be almost 1.6 CFLs per North American household but because of the far 
greater average number of lamps per home they only account for about 4% of installed lamps. This 
share is projected to rise to 11% by 2030 if current trends continue. In China and Brazil by contrast 
CFLs have captured a much larger share of the residential lighting market. In China there are 
estimated to be just over 2 CFLs per electrified household but these account for almost 30% of the 
installed lamps. An analysis of lamp sales data for Brazil suggests that CFLs have probably attained 
numerical parity with incandescent lamps in Brazilian households. In rapidly developing countries 
there is clearly less cultural inertia regarding lamp choices, making it easier for alternative, higher 
efficiency pathways to be adopted.        
                                                      
4 all of these qualities still apply except that fluorescent lamps are no longer “new”. 
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Figure 4: Estimated and projected average residential sector lighting efficacy by region with 
current policies: 1995 to 2030 
 
Within this broad outline there are some interesting sub-plots. For example, although OECD-
European households having a significantly higher share of fluorescent and halogen lighting than 
North American households the overall average efficacy of their lighting is slightly lower. This is 
because of a lower average efficacy of incandescent lighting in Europe caused by: a) the greater 
proportion of low wattage incandescent lamps in European households compared to North American 
ones (incandescent lamp efficacy declines quite steeply as the wattage declines) and b) the fact that 
incandescent lamp efficacy declines when operated at higher voltages (Europe operates at 230V and 
North America at 120V). As a result of these two phenomena the average efficacy of an incandescent 
lamp is just above 11 lm/W in Europe but over 15 lm/W in North America. European household are 
also keener on halogen lamps than North American ones, but here there is a mixed consequence. 
The majority of these are dichroic spot lights used in kitchens and bathrooms and in this case they are 
a higher efficacy choice than the adoption of recessed incandescent “cans” still popular in many North 
American homes; however, there are also still a large number of high powered halogen uplighters in 
European households and these are extremely inefficient and energy intensive. Some US states have 
already outlawed these lamps and the US federal government effectively banned all but the lowest 
power variety from sale in the new regulations introduced in the October 2005 Energy Policy Act. No 
such regulations exist in Europe as yet.     
 
Residential-lighting characteristics in OECD countries 
It is estimated that the average OECD household in 2005 had 27.5 lamps, of which 19.9 were 
incandescent lamps, 5.2 LFLs, 0.8 halogen lamps and 1.7 CFLs; however, these figures mask 
appreciable differences from country to country. There is quite a lot of similarity in the lighting 
behaviour and practices of European, North American and Australian/New Zealand households. In all 
these regions the use of LFLs is mostly confined to the kitchen and bathroom; however, recessed 
spotlights (“cans” of either halogen or incandescent form), halogen track lights and standard 
incandescent lamps are also common in both locations. In Europe and Australasia, recessed lighting 
in the residential sector almost invariably uses halogen lamps, whereas in North America standard 
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incandescent lamps, incandescent reflector lamps, halogens and, to a lesser extent, CFLs are used. 
In the rest of the house the choice of lighting tends to be between incandescent lamps, CFLs and, to 
a lesser degree, halogen lamps, with incandescent lamps continuing to be by far the most common. 
Larger differences are found between the number and power of light sources used and the 
arrangements of the luminaires. The relative use of higher light output, ceiling-suspended luminaires 
(such as pendant lights) compared to less-luminous wall-mounted sconce luminaires, standing lamps 
and table lamps varies considerably from country to country depending on local cultural preferences 
and practice, but these choices have an appreciable bearing on the coefficient of utilisation (CU)5 of 
residential lighting. The efficiency of residential luminaires is notoriously poor by comparison with 
those found in the commercial sector, and there is a wide variation in performance. 
Both CFLs and halogen lamps have been in use since the 1980s and both have captured a significant 
market share in some IEA countries. Halogens can be either low-voltage dichroic and capsule lamps 
or high-voltage lamps. The low- and high-voltage types have completely different energy-consumption 
characteristics. Low-voltage halogen lamps use a step-down transformer, which can be associated 
with standby losses but otherwise are an intermediate-efficiency lighting source. High-voltage halogen 
lamps have very high power ratings (300–500 W) and are generally used in torchière uplighters to 
create high-intensity mood lighting. Sales of high-voltage halogen torchières grew dramatically in IEA 
North America and Europe in the 1990s and in 1996 accounted for 10% of all lamps sales in the 
United States. Sales in North America are believed to have declined steeply since that time, primarily 
as a result of fire-risk safety concerns, but sales were still growing in Western Europe in 1998. At full 
power halogen torchières generally have efficacy levels of 15–20 lm/W, but at partial power levels this 
falls to a paltry 2 or 3 lm/W. Furthermore, as these lamps are designed to cast light onto surfaces and 
hence provide illumination by indirectly reflected light their efficiency as illumination devices is even 
poorer than their low efficacy levels imply because of light loss from absorption and misdirection. It 
has been estimated that high-voltage halogen torchières have increased lighting energy consumption 
more than CFL sales have lowered it in many IEA countries. The average energy consumption for 
halogen torchières has been estimated at 438 kWh/year per lamp in the United States, which is as 
much as some European households consume for all lighting. 
 
United States 
According to the US Lighting Market Characterization study (Navigant, 2002), the average US 
household used 1 946 kWh of electricity for lighting in 2001. This gives a total site electricity 
consumption of 208 TWh from 4.6 billion lamps. The typical household had 42 lamps, burning for an 
average of 2 hours per lamp per day; 91% of these were incandescent lamps of some variety. The 
total housing stock comprised 14.2 billion square metres of floor area, so on average each square 
metre of residential floor area used 15.1 kWh of electricity for lighting per year, at an average efficacy 
(source-lumens) of 18 lm/W. A retrospective analysis of the Navigant data shows that each US 
household was using an average of 36.3 Mlmh of light (source-lumens) per year, or some 13.2 Mlmh 
per capita per annum, see Table 1. 
 
Japan 
Retrospective analysis of a survey of Japanese residential lighting conducted in 2004 shows that on 
average each household used 46.5 Mlmh of light (source-lumens) per annum (JELMA, 2005), 
equating to some 18.3 Mlmh of light per capita per annum. An average household used 939 kWh of 
electricity for lighting per annum, or 10 kWh/m2 per year. Remarkably, there was an average of only 
17 lamps per household, comprising: 9.7 LFLs (57%), 3.8 standard incandescent lamps (22%), 1.4 
CFLs (8%), 0.3 halogen lamps (2%) and 1.8 other lamps (11%). A large proportion of LFLs are 
circular lamps designed to fit into a central pendant lamp. While there are less than half as many 
lamps in typical Japanese households as there are in US ones, they operate for almost twice as long 
(3.7 hours per day on average, compared with 2.0 hours in the United States). Scaled up to the 
national level this makes an estimated stock of 776 million lamps in the residential sector, with an 
average efficacy of 64.5 lm/W, giving rise to an estimated total electricity consumption of 43.5 TWh in 
2005 (JLA, 2005). The average efficacy of lamps in Japanese households is comfortably the highest 
among OECD countries, but lighting electricity consumption per household is not the lowest because 
of high average illuminance levels and relatively long average operating times (Table 1). 
 

                                                      
5 The coefficient of utilisation, CU, is the ratio of the luminous flux (lumens) from a luminaire as received on the work-plane to 
the luminous flux emitted by the luminaire’s lamps alone. 
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Table 1: Estimated national average residential lighting characteristics for a sample of IEA 
member countries (derived from: (DELight 1998), EURECO (2002), Navigant (2002), JELMA 
(2005), Ecodrome (1998))  

Lighting 
electricity 
consumption 
per 
household 

Lamps 
per 
household 

Average 
lamp 
efficacy 

Light 
consumption 
per unit floor 
area 

Installed 
lighting 
power 
density 

Lighting 
electricity 
consumption 
per unit floor 
area 

Lamp 
operating 
time 

Household 
floor 
area 

 
Country 

kWh/year Lamps lm/W 
M-lm-
hrs/m2/year W/m2 kWh/m2/yr hours/day m2 

UK  720 20.1 25 0.21 14.7  8.6 1.60  84 
Sweden  760 40.4 24 0.16 14.0  6.9 1.35 110 
Germany  775 30.3 27 0.22 15.6  9.3 1.48  83 
Denmark  426 23.7 32 0.10  5.7  3.3 1.59 134 
Greece  381 10.4 26 0.09  7.8  3.7 1.30 113 
Italy  375 14.0 27 0.09 10.6  4.0 1.03 108 
France  465 18.5 18 0.22 16.1  5.7 0.97  81 
USA 1946 43.0 18 0.27 21.5 15.1 1.92 132 
Japan  939 17.0 64 0.49  8.1 10.0 3.38  94 

 
Europe and Australasia 
European and Australian/New Zealand households appear to use less electricity for lighting than 
North American or Japanese households, but there is significant variation among the European 
countries. The highest reported figure is for Finland, where the average household was estimated to 
have consumed 920 kWh of electricity for lighting in the year 1993, and the lowest is for Belgium, at 
291 kWh/year in 1994 (DELight, 1998). The methods used to assess average lighting loads vary 
considerably in their reliability from country to country and there is large uncertainty regarding the 
validity of some of the reported values; thus, it is instructive to look at the variations found in the more 
limited set of detailed end-use metering studies that have been conducted so far. Among these the 
highest national average household value is 758 kWh per annum for a sample of UK households 
(Electricity Association, 1998). By contrast, an end-use metering campaign of 100 Portuguese 
households found an average value of just 179 kWh per household per year (EURECO, 2002); 
however, the same study reported that it was likely that not all lights had been metered in the 
Portuguese sample.  Other values derived from end-use metering campaigns include: France, from 
465 kWh/year (ECODROME, 1998) to 500 kWh/year (Sidler, 1996); Denmark 426 kWh/year, Greece 
381 kWh/year and Italy 375 kWh/year (EURECO, 2002). An overall assessment of available data 
suggests that the average European household consumes about 561 kWh of electricity per annum for 
lighting – some 6.2 kWh per square metre of floor space per year. Northern European countries tend 
to consume more than southern countries, in part because of a longer coincidence of household 
occupancy and hours of darkness over the course of the year. The European average household-
lighting electricity-consumption figure is remarkably close to that for the average Australian household 
of 577 kWh per annum (AGO, 2004). 
 
The lower household-lighting energy-consumption figures found in European and Australasian 
households compared with other IEA countries is not explained by the average efficacy of the lamps 
in use. The incandescent lamp is by far the most common residential-lighting technology in European 
and Australasian households, albeit halogen lamps comprise a slightly larger proportion of lighting in 
many North European and Australasian households than in the United States and Canada. 
The average efficacy of residential lighting varies in the above surveys ranges from 25 lm/W (United 
Kingdom) to 38 lm/W (Portugal), with values of 26.0 lm/W in Greece, 26.6 lm/W in Italy and 31.7 lm/W 
in Denmark. As the average efficacy of residential lighting is very similar in Europe and North America 
but considerably lower in both compared with Japan, the lower average household-lighting electricity 
consumption of European households is explained by less electric illumination. Based on an analysis 
of available national data covering eight European countries (see Table 1 for some of these), the 
highest annual average consumption of light per household is 21 Mlmh (source-lumens) in Germany 
and the lowest is only 7 Mlmh per annum in Portugal. Viewed as a whole, these figures suggest that 
Europeans prefer lower residential ambient lighting levels and are more likely than the Japanese or 
North Americans to use task lighting. 
 
Residential-lighting characteristics in non-OECD countries 
With some exceptions the quality and availability of data on residential-lighting electricity consumption 
are not as high in non-OECD countries as in OECD countries, but enough is known to observe some 
important similarities and differences as well as to enable regional estimates to be formulated. As in 

664



the OECD, incandescent lamps are the most common type used in non-OECD households, but the 
share varies considerably from country to country, and in several non-OECD countries fluorescent 
lighting provides the majority of all residential light. 
 
Former Soviet Union 
Data from Russia suggest that almost all residential light is provided by incandescent lamps, which 
are estimated to account for 98% of installed lamps. LFLs provide almost all the remainder, with 
negligible shares for CFLs and halogen lamps (Aizenberg et al., 2001). The average reported number 
of lamps per household is seemingly very low, at just 3.8 in 2000, but annual average lighting 
electricity consumption per household is still 394 kWh, which suggests that a much higher proportion 
of installed lighting is in use during the peak than in OECD countries. The high preponderance of 
incandescent lamps means the efficacy of the average residential lamp is probably between 10 and 
15 lm/W. From these figures the estimated per-capita consumption of electric light is about 2 Mlmh 
per annum in the residential sector. 
 
China 
The extraordinary economic growth experienced in China over the last two decades has led to a rapid 
increase in residential-lighting electricity consumption on both a national and per-capita basis. In 2003 
the average household used 181 kWh of electricity per year for lighting, or 49.2 kWh per capita 
(ACMR, 2004). Lighting accounted for almost 28% of residential electricity consumption, which is a 
higher share than generally found in OECD households but is typical of rapidly developing 
economies. The average household had 6.7 lamps in 2003, of which 43% were fluorescent and the 
remainder incandescent, resulting in an average residential lamp efficacy of 27 lm/W. Residential per-
capita consumption of electric light was about 1.4 Mlmh per annum. 
 
Rest of the World 
In the Rest of the World the average consumption of electricity for residential lighting in 2005 is 
estimated to be 84 kWh/year per capita. There is considerable uncertainty regarding the true figure: 
this estimate is based on a synthesis of information from a large variety of sources. Lighting tends to 
account for a significantly higher share of residential electricity consumption in non-OECD countries 
compared to the OECD. Values of 9–84% are reported (Mills, 2002), but an average figure of 32% is 
derived here. 
The relative share of fluorescent lighting is often higher than in the OECD or Former Soviet Union and 
it is not uncommon to find LFLs providing the majority of the light (as is the case in India, the 
Philippines, etc.). In India most electrified homes have at least four LFLs (Shah, 2004) and national 
LFL sales are about one-third of total incandescent lamp sales in quantity (BEE, 2004). In Brazil, 
incandescent lamps traditionally provided the majority of residential lighting needs, but since the 
power crisis of 2001 CFLs have been heavily promoted and now occupy a very large share of the 
residential-lighting market. In many countries, however, incandescent lamps dominate residential 
lighting, as they do in much of the OECD. 
 
Residential lighting demand and economic wealth 
Various authors have attempted to relate demand for residential-lighting electricity consumption to 
economic wealth and have concluded that while the relationship exists it explains only part of the 
variation observed. An analysis by Mills (2002) plotted the relationship between data on household 
annual lighting electricity consumption and GDP (purchase-power adjusted) per capita for 38 
countries and found that a linear fit had an R2 of only 0.39 (in other words that variations in per-capita 
wealth explained only a small proportion of the variation in lighting electricity consumption observed). 
Not surprisingly, better fits can be attained if data within a single country are compared as this 
removes variations caused by differences in number of hours of darkness, variations in the prevalent 
lighting technology and cultural factors. 
An analysis of a survey of household-lighting electricity consumption in China (ACMR, 2004) suggests 
that there is a near-linear relationship between average household-lighting electricity consumption 
and household income (IEA 2006); however, this type of linear relationship is less likely to hold true 
as average income levels rise and income becomes less of a constraint on total service provision. 
 
Implications for global residential lighting energy needs 
Interestingly, there appears to be a much better fit in the international data when the per capita 
demand for light (expressed as source-lumen hours) is compared to per capita GDP, Figure 5. From 
this it would appear that most of the variation in residential light consumption can be explained by an 
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exponential function of per capita GDP, albeit important differences still exist between countries. Not 
surprisingly the relationship is much poorer if the data is expressed as per capita lighting electricity 
consumption, but less obviously it is also much worse when GDP is expressed in terms of purchase 
power parity.   
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Figure 5: The relationship between annual average residential electric light consumption 
(source-lumens) and GDP (data includes estimates for 11 IEA member countries and China) 
 
What this data tells us is if the average household around the world had lighting with the same 
efficacy as in Japan global residential electricity consumption would be one third of its actual value. 
By contrast if all households demanded the same amount of illumination per unit of GDP, normalised 
via the formula in Figure 5, as the Danes global residential lighting consumption would be 45% lower. 
If demand for illumination per unit GDP was at Danish levels, but with Japanese efficacy levels global 
residential lighting energy consumption would be only 19% of current levels. These striking findings 
illustrate the very large implications of current practice and the magnitude of variations which exist 
between communities. 
 
4. Projected consumption, savings and potentials 
 
The IEA analysis presented in depth in Light’s Labour’s Lost (IEA 2006) is more than just an attempt 
to characterise current lighting energy consumption: it also includes an assessment of the impact of 
past lighting energy efficiency policies implemented since 1990 and includes projections of future 
lighting energy use to 2030. These projections are based in part on the characterisation outlined 
above but also rely on historic time series of lighting data and information about programme types and 
impacts.  
 
Future consumption with current policies 
With current socioeconomic patterns and policies the global demand for artificial light in residential 
buildings is forecast to attain 49 peta-lumen hours by 2030, which represents an average annual 
growth rate over the next two and a half decades of 3.8%. However, this projected growth is the 
aggregate result of many, sometimes divergent, trends. The number of electrified households and the 
average wealth per household are expected to increase. This leads to more homes having more floor 
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area, more lamps and higher demand for artificial light, which puts a strong upwards pressure on 
global lighting residential electricity consumption. This trend is partly offset by a slow shift toward 
higher efficacy household lighting such that by 2030 with current policies the global average efficacy 
of residential lighting is projected to attain 28 lm/W. As a result, over the next 25 years global 
electricity consumption for residential lighting with current socioeconomic trends and policies is 
projected to rise to 1770 TWh: an increase of 218% at an average rate of 3.2% per annum, see 
Figure 6 “Current Policies” scenario.  
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Figure 6: Global residential sector lighting electricity consumption under the No Policy, 
Current Policy and Least-Life-Cycle Cost from 2008 scenarios, 1990 to 2030 
 
The rate at which growth actually occurs will depend on a range of factors including those which 
influence demand for artificial light and on the efficiency of the lighting technologies which supply it; 
nonetheless, this projected rate of growth is among the highest of any major individual energy end 
use and thus merits serious policy attention.   
 
Current policies are saving significant amounts of energy in some countries 
At various times almost all IEA member countries have implemented policies to encourage more 
efficient residential lighting yet the most spectacular results have occurred outside the OECD. Brazil 
has shown how it is possible to respond to an energy crisis by rapidly instituting a shift away from 
incandescent lamps towards compact fluorescent lamps in households, such that about 50% of 
residential light fixtures would now appear to be using CFLs compared with a small fraction prior to 
the energy crisis and related policy intervention (IEA 2006). CFLs are also providing a large share of 
domestic lighting in China although here the influence of public policy is less obviously a driver 
compared with autonomous market developments. Vietnam has recently managed a major bulk 
procurement programme for CFLs to be distributed in households, while successful CFL promotional 
schemes have been run in South Africa, the Philippines, Peru, Mexico and France’s over sea 
territories, Martinique and Guadeloupe.  
In the OECD numerous CFL promotional programmes have been run often with utility backing yet 
also often having a smaller relative scale. As in the non-OECD regions these have used a variety of 
means to encourage greater use of CFLs including rebates, bulk procurement, retailer buy-down 
schemes, promotional campaigns, fiscal incentives or combinations of methods via a market 
transformation approach. One of the more successful schemes is the UK’s Energy Efficiency 
Commitment which places an obligation on electricity generators and gas suppliers to implement 
energy savings measures in UK households. Utilities are set obligatory energy savings targets for the 
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residential sector and are given four compliance pathways to reach their targets through the 
installation of CFLs, efficient appliances, insulation or gas-condensing boilers. The results of this 
programme have become progressively more significant such that for the EEC1 programme, which 
ran from 2002 to 2005, some 39.5 million high-quality, certified CFLs were supplied in the three years 
2002/03/04 to the residential market. This is three times the baseline scenario of 12.5 million lamps 
and is believed to have doubled UK CFL ownership to over two per household. About 25% of the total 
energy savings of 64 TWh from EEC1 are estimated to derive from CFLs. The current round of the 
EEC aims to double the average number of CFLs per household from 2 to 4 by 2008.  
 
CFLs are not just promoted in households by measures which lower their initial cost to consumers, 
although this is important; there is also a need to prevent poor quality products from flooding the 
market and destroying consumer confidence in the technology as a whole. If markets are not policed 
there is a real risk that poor quality CFLs, which are prone to rapid failure, long warm-up times, lower 
than claimed light emission and poor colour rendering, will poison the market for good quality 
products too. Some countries are trying to avoid this by restricting imports from unreliable trading 
centres and/or by encouraging CFL manufacturers to sign quality charters. Others simply prohibit the 
sale of lower quality lamps through the use of minimum energy performance standards. Attempts are 
underway to develop internationally accepted CFL quality criteria through the international CFL 
harmonisation initiative.   
 
But other measures exist to promote efficient residential lighting. California and the UK apply 
mandatory measures for lighting in new homes via the building codes which require the use of a 
minimum proportion of efficient lighting. In addition, the UK Energy Savings Trust and the Lighting 
Association have begun to operate the Domestic Energy Efficient Luminaire Scheme to address the 
traditional low efficacy of domestic luminaires (i.e. table lamps, standing lamps or other portable 
luminaires aimed at the domestic market). The scheme gives a GBP 5 subsidy supplied through the 
Energy Efficiency Commitment to luminaire manufacturers that produce and sell CFL-dedicated 
luminaires, i.e. ones that can take only pin-based CFLs. The luminaires must use high-efficiency 50 
kHz ballasts with a minimum life of 25 000 hours and the CFLs are certified through the EST 
certification scheme. By using pin-based CFLs there can be no switching back to incandescent light 
sources once the first CFL tube fails. The first-year target is to sell 1 million luminaires: 400 000 were 
sold in the first seven months (Verdun, 2005).  
 
In many economies minimum energy performance standards (MEPS) are set for CFLs, LFLS, 
ballasts, incandescent lamps and halogen torchieres to preclude the sale of the least efficient variety 
of each (details are given in Light’s Labour’s Lost (IEA 2006)). 
Globally, It is estimated that existing lighting energy efficiency policies for residential lighting saved 
64 TWh in 2005 (about 8% of the total) and will go on to save 181 TWh in 2030 even if they are not 
strengthened in the future, see the comparison of the “No Policies” and “Current Policies” scenarios in 
Figure 6. This amounts to 10% of global commercial building lighting consumption in 2030 and will not 
only save end-users US$17 billion in total lighting costs but will avoid 107 Mt of annual CO2 emissions 
at a negative net cost of US$–159 per tonne.  
 
There is a very large cost-effective potential to reduce residential lighting energy demand 
Despite these successes even in those regions with the most developed policy frameworks the 
potential for further cost-effective savings from strengthening lighting efficiency policies and their 
implementation remains great. The current global average cost of electric light in the residential sector 
is about US$7.1 per mega-lumen hour, of which 72% is the energy cost and the rest is the cost of 
equipment (lamps, luminaries and control gear). The systematic use of lighting systems which 
minimise lifecycle costs (i.e. so called “least-lifecycle cost” lighting systems) would lower the global 
average cost of light in the residential sector by almost 40%.  
 
We estimate that the systematic deployment of least-life cycle cost lighting solutions from 2008 
onwards would substantially reduce the energy consumption attributable to residential lighting. The 
resulting consumption is 37% lower in 2020 than would be expected from continuing with the current 
set of policies and would avoid the consumption of 491 TWh of electricity and 284 Mt of CO2 
emissions. By 2030 annual savings would rise to 610 TWh and 356 Mt of CO2 respectively. The full 
adoption of least-life cycle cost lighting will save end-users US$57 billion in total annual lighting costs 
(equipment and energy) by 2020 and US$69 billion by 2030. The global net present value of these 
cost savings assuming a 5% real discount rate and discontinuation of benefits after 2030 is US$396 
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billion. As, by definition, implementing least-life cycle cost lighting saves end-users money the cost of 
avoiding carbon dioxide emissions through these measures is estimated to be negative at: -US$194 
per tonne of CO2 in 2030.  
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Figure 7: Savings in overall lighting costs compared with Current Policies (million $US) 
 
The high potential for energy savings in lighting reflects the fact that there are already many cost-
effective energy-efficient lighting technologies available on the market but which are currently 
underutilised. The estimated savings potentials presented above are based on today’s artificial 
lighting technology and today’s average prices; however, new lighting technologies are under 
development which promise higher levels of efficiency and that could further increase the cost 
effective savings potentials to 2030. Furthermore, the above calculations take no account of the 
reduction of parasitic lighting-induced energy loads such as air conditioning, nor the typical high peak-
power coincidence factor of many lighting loads that increases the value of their savings compared to 
average electricity loads. Were all these factors to be fully taken into consideration the cost effective 
savings potential could be substantially greater.   
 
5. Conclusions 
 
There has been a slow improvement in residential lighting energy efficiency over the last 15 years but 
much of that which has occurred is attributable to proactive energy efficiency policy measures. The 
energy saved has been remarkably cost effective and yet there remains far more which could be done 
to optimise the lighting energy service from a cost, quality and environmental impact perspective. An 
analysis of the policies that have bought about these savings and the resulting benefits is given in 
Light’s Labour’s Lost6. The greatest energy savings opportunities lie in reducing dependence on 
incandescent lighting, avoiding the use of halogen torchières and minimising unnecessary lighting. 
The latter can be done by encouragement of proper domestic lighting design, building user 
awareness and deployment of automatic lighting controls (when appropriate). The former by taking 
steps to reduce or eliminate the price differential between CFLs and incandescent lamps while 
policing CFL quality, promoting the use of luminaries with dedicated CFL fixtures and building public 
awareness of the benefits of efficient lighting. Regulatory measures could easily be applied to prohibit 
the use of inefficient halogen torchières, prevent use of the lowest efficacy types of lamps (within their 
lamp class) and ballasts/transformers and could even be used to ban the worst performing luminaries 

                                                      
6 See publications at www.iea.org 
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from the market. Grasping these opportunities would go a long way toward offsetting the need for 
incremental increases in the electricity supply network and would represent one of the most cost 
effective means of meeting climate change and security of energy services concerns. 
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Abstract 
This study presents a simulation tool that generates the residential end-use energy demand data 
reflecting the diversity in individual households. In recent years, new household energy appliances 
have been successively introduced into the Japanese residential sector, where energy consumption is 
continuously increasing. Some of the noteworthy technologies are as follows: the electric CO2 heat 
pump water heater that supplies hot water with a high coefficient of performance of more than 4 and 
the fuel cell combined heat and power systems. Although the detailed analysis of these technologies 
is becoming increasingly important, previous studies have been unable to consider the household 
diversity of energy demand such as heat to electricity ratio that affects the possible application of 
these technologies. This is partly because the available measured data is generally confined to a 
small number of households. In order to obtain data set which enables us to overcome this problem in 
future studies, we developed the Monte Carlo simulation-based tool that generates an unspecified 
number of household data. The data of each household comprises (a) household attributes data, e.g., 
family composition, building structures, regional characteristics, and lifestyles and (b) monthly energy 
demand data, i.e., energy load by end-use and energy consumption both by end-use and by fuel. The 
analysis of the obtained data indicated that the tool is capable of demonstrating the differences in 
energy demand depending on the household attributes such as the number of family members and 
the climatic conditions. Moreover, the comparison with previous studies showed that the tool has a 
certain level of reliability with regard to the household distribution of energy demand. 
 
 
1. Introduction 
 
1.1. Residential energy consumption in Japan 
In recent years, new household energy appliances have been successively introduced into the 
Japanese residential sector, where energy consumption is continuously increasing. In order to 
achieve energy conservation, the Japanese government has set ambitious goals to introduce 5.2 
million units of electric CO2 heat pump water heaters and 1.2 million units of fuel cell combined heat 
and power (CHP) systems for the residential sector by fiscal year 2010, when the total number of 
households is estimated to be around 50 million. It is evident that by application of these technologies, 
both the economic efficiency and rate of energy conservation would vary depending on the energy 
demand structure for each individual household. This is particularly true in the case of CHP systems 
that require appropriate heat to electricity ratio. However, past studies based on “typical” household 
energy load data have been unable to evaluate the marketability of these technologies in the 
residential sector mainly due to the lack of end-use energy demand data. Therefore, the development 
of appropriate data set is required as the first step to overcome this problem. 
 
1.2. Characteristics of residential energy demand data 
Numerous studies have been conducted on residential energy consumption. Table 1 systematically 
compares these studies with a focus on the characteristics of energy demand data. 
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Table 1: General characteristics of previous studies 
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Momentary uncertainty of demand (second to annual);
Operation of technology, structure of peak demand *** * ** ** * *

Household diversity of demand (month to annual);
Marketability of technology, energy conservation ** *** ** * ** ***

Representativeness of sample attributes to population;
Marketability of technology, energy demand structure * ** *** * *** ***

Household attributes (family, building, region, etc.) *** *** * * * **
Energy load by end-use * * ** *** * **
Energy consumption by end-use ** * ** ** **
Energy consumption by fuel *** *** ** ** **
Data flexibility, transparency of evaluation * ** ** *** *** ***
Number of data, cost * ** *** ***

Scope;
Examples
of applied
analyses

Items

Characteristics of data

Handling
 

1.2.1. Measurement surveys 
Measurement surveys provide detailed energy demand data by fuel from second to annual time 
dimension (e.g., EECA, 2005 [1]). Moreover, the energy demand data by end-use can be obtained by 
measuring data of individual appliances such as the air conditioner and water heater. Since measured 
data are valuable particularly in terms of representing the fluctuations in energy demand accurately, 
these data are widely used for analyzing the structure of peak load, the possible effect of applying 
new technologies, and the effect of energy conservation by home energy management system. 
However, from a realistic viewpoint, it is considerably difficult to cover a sufficient number of 
households with ensuring the representativeness of samples to population due to the high cost of 
end-use load surveys (several thousand USD per household) and the requirement for an enormous 
effort and know-how. In addition, the detailed data of individual household has not been openly 
shared mainly in the interests of privacy. 
 
1.2.2. Questionnaire surveys 
Questionnaire surveys, which are conducted basically by gathering information on monthly energy 
bills, can obtain a relatively huge amount of data from hundreds to thousands of households (e.g., AIJ, 
2005 [2]). Since surveyed data represent the household diversity of energy demand that is affected by 
household attributes, it is possible to demonstrate the typical tendency depending on attributes by 
analyzing these data using methods such as the classification analysis. Despite this, it is difficult to 
ensure the representativeness of samples to population, even if a fairly large number of households 
are covered. Moreover, in general, the detailed data of each household has not been openly shared 
mainly due to the same reason as that for measurement surveys. 
 
1.2.3. Simulation analyses 
The energy demand data can be generated artificially without conducting actual surveys by using 
methods such as simulation analyses that are based on engineering and behavioral approaches. A 
well-known method in recent years is the so-called “bottom-up simulation” model (e.g., Capasso et al., 
1994 [3], Tsuji et al., 2004 [4]), which simulates the momentary fluctuation of energy load based on 
individual behaviors. The biggest advantage of these analyses is that the data reflecting the 
household diversity can be obtained easily. However, even though these analyses aim at simulating 
the real energy consumption characteristics,, it can be stated that most of them have not been 
performed at a detailed level with regard to the generality, for example, comparison of distributions of 
energy demand between simulated and actual data based on household attributes, season, end-use, 
fuel, etc. 
 
1.2.4. Conventional evaluation data 
Several conventional evaluation data representing (some) typical household(s) have been proposed 
with regard to specific end-uses mainly to evaluate the performance of appliances. These data are 
superior since they consider several critical conditions based on the assumptions of actual operation 
mode. Another important advantage is that they can ensure uniformity by using the same condition for 
every analysis. On the other hand, the standardization of the evaluation process simultaneously 
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implies the elimination of household diversity. In addition, although they aim at representing typical 
households, these data are still specific and inferior in representativeness to statistics.  
 
1.2.5. Statistics 
A number of statistics as secondary data for residential energy consumption are widely available. 
They can be used for several research objectives such as analyzing the annual change and unit 
consumption per household both in total and by segment. Although the average data are easily 
available, a limited number of parameters can be used to represent the household diversity, such as 
the standard deviation of energy demand.  
 
1.3. Specification of residential energy data generator 
Based on the abovementioned survey of previous studies, we define goals for the development of the 
tool as follows: 

 To be able to compile data from thousands of households similar to those obtained by a 
questionnaire survey, with the representativeness of sample household attributes to 
population. 

 To be able to represent the household diversity of energy demand by simulation analysis, 
with verification conducted by comparing with the past questionnaire surveys and statistics. 

 To be able to ensure the data flexibility with regard to applications to related analyses, by 
containing various household attributes data and monthly energy demand data by end-use or 
by fuel. 

Meanwhile, we did not consider the daily load curve in this study. Nonetheless, as an option, it is 
possible to incorporate this data into the obtained monthly data by applying either conventional or 
surveyed load curves. 
 
2. Methodology of the residential energy demand generator (REDG) 
 
2.1. Overview 
Figure 1 shows the concept of the REDG (Nishio and Asano, 2006 [5]). The Monte Carlo simulation 
tool can generate an unspecified number of household data (10,000 households in this paper). The 
Monte Carlo method is a common computational technique to simulate complicated systems based 
on the probability distribution for each variable. The data of each household comprise (a) household 
attributes data, e.g., family composition, building structures, regional characteristics, and lifestyles and 
(b) monthly energy demand data, i.e., energy load by end-use and energy consumption both by end-
use and by fuel. 
The flow of simulation is as follows. First, REDG defines various household attributes for each 
household based on the probability assumptions in order to imitate the actual residential sector in 
Japan. Second, it simulates hourly patterns of activities for each household in order to assign 
important factors that affect energy demand. Third, the monthly energy loads by end-use for each 
household are simulated on the basis of family composition, patterns of activities, application 
ownership rates, etc. Finally, the monthly energy consumptions by end-use and by fuel are derived by 
dividing the energy load for each end-use by the efficiency of each household’s energy appliance. 
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Monthly energy demand
Energy load
By end-use (electricity-specific, cooking,
water heating, space heating/cooling)

Energy consumption
By end-use (electricity-specific, cooking,
water heating, space heating/cooling)
By fuel (electricity, city gas, LPG, kerosene)

Regional characteristics
Outdoor/water temperature, cooling/heating
degree days, energy infrastructures, etc.

Lifestyles
Behaviors, application ownership,
style of water heating/air conditioning, etc.

Family composition
Number of family members, generation,
occupation

Building structures
Type of building, floor space,
heat insulation property

Target:
Japan
2000

Household attributes
Data of each of the 10,000 households:

Characteristics:
The representativeness of sample attributes to population
The household diversity of energy demand
The data flexibility with regard to applications to related analyses

Method:
Monte Carlo
simulation

 

Figure 1: Overview of the residential energy demand generator (REDG) 
 
2.2. Household attributes 
The probability distributions for each household attribute are defined below basically based on 
available statistical data and results of previous surveys. 
The regional compositions of the number of households are defined for each of the 47 administrative 
districts in Japan. The climatic conditions, namely, outdoor temperature, cooling/heating degree days, 
and water temperature, vary depending on the region of each household. Additionally, the regional 
characteristics are considered for the probability distribution of other parameters regarding lifestyles 
such as the frequency of bathing in a bathtub and the temperature setting of space cooling/heating, if 
data is available. 
With regard to the family composition, we categorized all the households into 34 family types, which 
consist of 5 types of individual household members, namely, working males, working females, non-
working females, children, and elderly people. This category automatically determines the number of 
family members and has an impact on building structures. The average number of household 
members based on the assumption in this study is 2.64 persons per household. 
The building structures, i.e., the type of building (detached or apartment), and the probability 
distribution of floor space for each type of building are given for each region and family type. The total 
rate of detached houses is 58%, and the average floor space is 89.7 square meters (119.1 square 
meters for detached houses and 49.1 square meters for apartment houses). Moreover, the distribution 
of heat insulation property is defined for each type of building. 
 
2.3. Behaviors of family members 
In order to consider the household diversity of energy demand that is affected by the difference in the 
lifestyle, the hourly schedules of activities for each individual of each household are simulated based 
on the methodology proposed by Capasso et al. and improved by Tsuji et al. The large-scale national 
questionnaire survey (NHK, 2000 [6]) provides useful statistics regarding various activities for each 
family member category, e.g., the distribution of hours per day, the hourly percentages, etc. Following 
the simulation flow proposed by Tsuji et al., we considered 4 categorized activities, namely, “at home,” 
“at home and awake,” “watching TV,” and “cooking and washing.” 
 
2.4. Monthly energy load by end-use 
Based on the data of household attributes and behaviors for each household, REDG generates 
monthly energy loads for five types of end-uses: “electricity-specific,” “cooking,” “water heating,” 
“space heating,” and “space cooling.”  
 
2.4.1. Electricity-specific 
The electricity-specific load consists of refrigerators, TVs, other domestic appliances, and lighting (eq. 
1). Although the basic idea refers to the findings by Tsuji, the formulation and assumptions are 
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simplified in this study. The household diversity of load is induced by the number of family members, 
the ownership rates of domestic appliances, and the schedule of activities. 
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(eq. 1) 

}Dec. ..., Feb., Jan.,{: ,}households sample{:
,}23 ,... ,1 clock, o' 0{: ,}9,...,2,1 appliance domestic{: ,}4 ,3 2, ,1 TV{: ,}2 ,1or refrigerat{:

 ,region in  load specific-yelectricit oft coefficienn correlatio  :
,month in clock o' at  region in  lighting using ofy probabilit  : [W/per], lighting of loadunit   :
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2.4.2. Cooking 
In light of the current status, the cooking load is defined by a considerably simple assumption (eq. 2) 
that it constitutes a small portion of total load and that few technology options exist for energy 
conservation as yet. The cooking load is assumed to increase as the time spent cooking increases. 
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2.4.3. Water heating 
The water heating load involves supplying hot water to a bathtub, reheating the water in the bathtub, 
shower, and supplying hot water to kitchen and lavatory. Although we referred to several standard 
data of the conventional evaluation in Japan, we developed an original formula for the water heating 
load in order to include major explanatory factors, e.g., number of family members, frequency of 
bathing, hours spent at home, and water temperature. 
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2.4.4. Space cooling and heating 
The space cooling and heating loads are derived by applying the household attributes to multiple 
regression equations (eq. 4), which are proposed in a previous study conducted by AIJ. Multiple 
regression equations are defined for each type of building, climatic region, and space cooling/heating 
load. The explanatory variables of each equation are as follows: cooling/heating degree days, floor 
space, heat insulating property of a house, temperature setting of air conditioner, and hours of use of 
the air-conditioner that are derived by using behavior data. 
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2.5. Monthly energy consumption by end-use and by fuel 
For each energy load obtained using the above methodology, the energy consumption by end-use 
and by fuel (electricity, city gas, LPG, and kerosene) are derived based on the assumptions regarding 
the type of energy appliance and its efficiency for each individual household (eq. 5). Figure 2 shows 
the composition of 10 assumed components of energy appliances for each type of building and 
region. The composition ratio is originally estimated in reference to the available statistical data (JRI, 
2005 [7]). With regard to the water heating load, we assumed that all fuel types are available at the 
energy conversion efficiency of 80%. With regard to the space heating load, the assumed appliances 
are the electrically powered air conditioner with a coefficient of performance (COP) of 4 and heaters 
that burn other fuels with an efficiency of 80%. With regard to the space cooling load, only the 
electrically powered air conditioner with a COP of 3 is considered. With regard to the cooking load, the 
available fuels are electricity, city gas, and LPG at an efficiency of 50%. The electricity-specific load is 
directly covered by electricity. 
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Figure 2: Compositions of assumed components of energy appliances 
 
3. Results of energy demand data 
 
3.1. Energy demand 
This section briefly describes the results of the analysis of the estimated energy load data. Although 
we have not included details such as the stratified analysis in this paper, similar results will be 
described in the following part on energy consumption. 
Figure 3 shows the monthly variation of energy load by 4 types of end-use. The average annual 
energy loads per household are estimated to be 40.2 GJ (standard deviation of 16.6 GJ), which is a 
sum of an electricity-specific load of 12.0 GJ (4.1 GJ), cooking load of 1.7 GJ (1.1 GJ), water heating 
load of 10.4 GJ (4.9 GJ), space heating load of 13.0 GJ (11.1 GJ), and space cooling load of 3.1 GJ 
(3.5 GJ).  
Figure 4 shows the duration curve of energy loads of 10,000 households generated using REDG. It 
clearly illustrates the household diversity of energy load with regard to both the total load and the 
breakdown by end-use. Meanwhile, a certain level of correlation exists among the end-uses based on 
the assumptions that all the end-uses are originally derived from the common attributes of each 
household. Another interesting tendency is that the energy-intensive households have considerable 
space heating load as a general trend, as shown in the left side of the figure. The space heating load 
distributes widely as compared to other end-uses and has a large impact on the total energy load. 
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Figure 3: Breakdown of energy demand 

 
Figure 4: Distribution of energy demand by 
end-use 

 
3.2. Energy consumption 
 
This section presents the results of energy consumption by indicating the basic characteristics, 
distribution, and differences among household attributes. 
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3.2.1. Basic characteristics 
As shown in figure 5, the average annual energy consumption per household is estimated to be 41.5 
GJ (standard deviation of 19.6 GJ). The breakdown based on end-uses is as follows: electricity-
specific and cooking, 37%; water heating, 31%; space heating, 29%; and space cooling, 3%. This 
trend is common among all the surveys compared in the figure. In addition, the breakdown based on 
fuels is as follows: electricity, 38%; kerosene, 26%; city gas, 23%; and LPG, 13%. 
In the Japanese residential sector, as of 2000, more than 50% of the water heating appliances are run 
on city gas. This implies that more than 60% of the city gas is consumed by this application. On the 
other hand, the share of electricity consumption by water heating appliances is yet low, although the 
practice of water heating by electricity is expected to increase in the future owing to the highly efficient 
heat pump water heaters. The major fuel for space heating appliances is kerosene; these appliances 
account for around 80% of kerosene consumption in the residential sector. Kerosene is preferred 
particularly in cold regions with a larger heating load due to its running cost advantage. Although the 
electrically powered air conditioner has been widely diffused, the amount of electricity consumption is 
actually comparatively less than that of kerosene partly due to its high COP. The entire space cooling 
load is covered by electricity. 
As described above, water heating and space heating account for a certain share of total energy 
consumption. On the other hand, options for energy conservation include the use of highly efficient 
energy appliances such as the air conditioner and heat pump water heater. Therefore, it can be stated 
that currently, the fields of water heating and space heating are having a relatively high potential for 
energy conservation. With regard to electricity-specific that accounts for more than 30% of the total 
consumption, we consider that steady improvements in energy efficiencies for each domestic 
appliance are required. Meanwhile, the space cooling load has relatively few impacts on annual 
energy consumption, although measures for energy conservation should be considered particularly in 
terms of peak demand during the summer time. 
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Figure 5: Breakdown of energy consumption 
 
3.2.2. Household diversity 
Figure 6 shows the distribution of energy consumption among the 10,000 households. The figure also 
indicates the result of a previous survey conducted by AIJ (2005). The comparison implies that REDG 
has a certain level of consistency in terms of household diversity, although a specific conclusion 
cannot be derived considering the differences in the household attributes between these two studies. 
Figures 7 and 8 show the duration curves by end-use and by fuel, respectively. These figures clearly 
illustrate the household diversity of energy consumption with regard to both the total load and 
breakdown. Furthermore, they indicate that as a general trend, the energy-intensive households 
consume a considerable amount of energy for space heating and that kerosene for space heating can 
be considered as a major factor for increasing energy consumption. 
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Figure 6: Distribution of energy consumption 

 

Figure 7: Duration curve of energy 
consumption by end-use 

 
Figure 8: Duration curve of energy 
consumption by fuel 

 
3.2.3. Differences among household attributes 
Figure 9 shows the results stratified by some illustrative attributes. With regard to the number of family 
members, the average energy consumption of a household with a single member (24.4 GJ) is around 
50% of that of households with more than one person (47.8 GJ). Energy consumption per household 
increases as the number of family members increases, whereas unit energy consumption per family 
member decreases. The incremental consumption of electricity-specific demand is relatively moderate 
as compared to other end-uses due to the existence of a certain amount of base electricity load such 
as refrigerators; further, households with elderly people require considerable load due to both the high 
appliances ownership rate and high stay-at-home rate. Either way, the result clearly demonstrates the 
need to distinguish the family size when analyzing the residential sector in Japan where households 
with a single member account for more than one-quarter of the total households. 
With regard to the types of buildings, the energy consumption of the detached houses (49.6 GJ) is 
around 1.6-times that of apartments (30.6 GJ). Apparently, the detached houses require more energy 
for each end-use due to the difference in building insulation and the difference in the average number 
of household members between the detached houses (3.1 persons) and the apartments (2.1 persons).  
With regard to the climatic division, the energy consumption for space heating is more in the cold 
regions (57.6 GJ) than in the warm regions (38.5 GJ). On the other hand, the energy consumption for 
space cooling decreases in the cold regions. Few differences exist in terms of water heating between 
the two climatic divisions because the effect by differences in water temperature is offset by that in the 
frequency of bathing. 
Figure 10 compares both the average and coefficient of variation (standard deviation divided by 
average) by month and by the type of building with those obtained from the previous questionnaire 
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survey [2]. The average data obtained in this study show a trend similar to that of the surveyed data. 
Although it should be noted that a difference affected by sample characteristics and climatic 
conditions exists between the two studies, the result demonstrates that REDG can simulate a certain 
level of variability. 
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Figure 9: Comparison of energy 
consumption by fuel with the previous 
survey 
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Figure 10: Comparison of monthly energy 
consumption with the previous survey 

 
4. Conclusions 
 
In this study, we developed a residential energy demand generator that reflects the diversity of 
households in Japan in order to obtain data for analyzing the energy conservation potential. 
First, using the survey of previous studies, we defined three specifications for the development of the 
tool in this study, namely, (a) the representativeness of sample household attributes to population, (b) 
the household diversity of energy demand, and (c) the data flexibility with regard to applications to 
related analyses. Next, we introduced the methodology of the tool. The Monte Carlo method was 
applied based on the results of previous studies and statistical data in order to consider the household 
diversity that is affected by family composition, building structures, regional characteristics, and 
lifestyles. Finally, we analyzed the simulated data on energy load and energy consumption. 
The results showed that the tool is capable of demonstrating the differences in energy demand 
depending on the number of family members, types of building, climatic condition, etc. Moreover, the 
comparison with previous studies indicated that the tool has a certain level of consistency for 
demonstrating the distributions among households as well as the average values. 
It is evident that further studies would be required for improving the validity of the tool. However, we 
consider that the data obtained in this study has fundamental specifications for applications to future 
analyses on the marketability of the new technologies, for instance, the combined heat and power 
systems that require both a certain level of base load and an appropriate heat to electricity ratio. 
Moreover, the unit energy demand data for each household attribute enabled the analysis of the 
impact on energy demand structure by changes in household structure and lifestyle. 
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Abstract 
There is a strong, profit-based business case for investing in more energy-efficient products and 
designs. Energy efficiency, however, often is viewed as something that businesses and individuals 
“should” do as good citizens. The reality is that using energy inefficiently is like walking past money 
on the ground - - - money that could be put to far better use than paying electricity bills. Investing in 
energy efficiency creates economic value. 
Indeed, energy efficiency improvements for refrigerators and room air conditioners offer potential unit 
savings of 45% and 6%, respectively, based upon engineering analyses of products sold in India.  
These products are representative of a range of products for which energy efficiency improvements 
may be beneficial.  With current annual sales of about 3-4 million domestic refrigerators per year and 
1 million room air conditioners per year, significant national electricity savings are possible from 
improving the efficiency of new appliances in India.  This study compares increased consumer prices 
to lifetime operating costs and calculates the net benefit or cost on a life cycle cost basis per 
appliance.  Two scenarios are compared in constructing national projections: business as usual and 
energy efficiency.  The results show that the cost of conserved energy is 1-2 cents/kWh for 
refrigerators and less than 4 cents/kW for room air conditioners.  These correspond to rates of return 
on investment of 36-75%. At a national level, through standards and labeling policies and market 
transformation activities, adopting more high efficiency refrigerators and air conditioners from 2010 to 
2020 could save cumulative 100 million tons of oil equivalent and avoid over 300 million tons of 
carbon dioxide emissions cumulative.  Preliminary estimates for nine other countries in South Asia, 
the Middle East and Africa also show potential savings. 
 
 
1. Introduction 
 
The goal of this project was to estimate the net benefits that cost-effective improvements in energy 
efficiency can bring to developing countries. The original study focused on four major electrical 
products in the world’s second largest developing country, India. Refrigerators, room air conditioners, 
electric motors, and distribution transformers are important targets for efficiency improvements. Only 
the analysis of the first two appliances is presented in this paper for EEDAL ‘06. After characterizing 
the benefits for India, findings were extended to South Asia, the Middle East, and Africa.  
India is a major energy consumer, with rapid consumption growth. Efficiency policies can play a 
particularly important role since so much new equipment is entering the stock. Cost-effective 
efficiency measures save money, and address other important social and environmental issues.  India 
is currently unable to generate enough electricity to meet demand. It will have to expend capital to 
increase generation capacity and reduce its system losses. Improved efficiency has the additional 
benefits of increasing the number of customers served by existing generation and reducing 
investment, allowing a re-allocation of capital to other sectors of the economy. 
While India is unique, many aspects related to efficiency are common to other developing countries. 
Economic growth will drive energy demand through increases in energy-intensive industrial 
production, growth of the service sector, and entry of an increasing number of people to a level of 
income that allows for ownership of energy-consuming appliances. Building the generation capacity 
necessary to meet this demand is a continuing concern throughout the developing world. 
This report estimates potential efficiency savings for a few products. The estimated benefits represent 
only a part of the total that might be realized. Our focus is to provide the most specific and technically 
accurate analysis available.  For this reason, we do not consider likely opportunities where solid 
technical data is not yet available. 
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2. Approach 
 
The study combines a bottom-up engineering-economic analysis of specific technologies with a 
projection of the market evolution for each product. 
 
Technology Cost-Efficiency Analysis 
For each product, we first study key characteristics (including efficiency level) for specific product 
classes. Each product is represented by two or more classes. For refrigerators, for example, we 
consider single-door manual defrost and two-door auto-defrost models. We estimate the typical user 
purchase cost of each class. The characteristics of the most common current product establish the 
baseline, for which we gather data on purchase price and energy-use characteristics. Efficiency 
improvements and their costs are estimated relative to this baseline. 
We estimate energy savings and additional purchase cost associated with specific technologies that 
enhance efficiency. The fundamental component of the purchase cost is the per-unit manufacturing 
cost. To this cost, we apply markups for manufacturers and distributors that result in the purchase 
price. 
Taking typical product utilization and equipment lifetime into account, we calculate the Life-Cycle Cost 
(LCC) of owning and operating a product at alternative efficiency levels for a typical user. The LCC 
accounts for the electricity costs paid by the consumer. The price of the electricity that is saved at the 
margin is based on current tariff structures. Future prices are based on projections of electricity prices 
or avoided costs for product users. 
We calculate LCC values using discount rates appropriate for each type of user. The typical user is a 
household in the case of refrigerators, a household or commercial enterprise for room air conditioners, 
or when larger equipment is involved, an industrial or agricultural operation using motors, or an 
electric utility with distribution transformers. We based the discount rates on Indian conditions. 
For each product, we identify the efficiency level with the lowest LCC, which represents the most 
economically justifiable design for the consumer. Of course, policy makers will consider other 
important factors besides consumer LCC in reaching their decisions about target efficiency levels, 
including impacts on manufacturers 
 
Market Projection 
The approach for estimating the sales of each product for each year in the 2010-2020 period involves 
use of historical shipments data (for estimating replacement sales), sales forecasts by a market 
research firm, and consideration of the key drivers for growth of each product. For appliances in a 
growing market, new installations account for the majority of sales, rather than replacement of retired 
equipment. 
 
Potential National Impacts with High-Efficiency Products 
Our estimate of impacts considers the outcome if all products installed in the 2010-2020 period 
embody the identified cost-effective efficiency level. The benefits of this High Efficiency scenario are 
measured against a Base Case in which the efficiency of each product remains at current levels. This 
Base Case is not a forecast of what is likely to happen, as efficiency will likely improve to some 
degree due to market forces. Since the extent of this market-driven improvement is very uncertain, we 
chose not to incorporate estimates of such improvement in the Base Case. 
The impacts for each year consider the accumulated stock of products sold in the 2010-20 period. We 
count impacts through 2030. 
We calculate the total benefit to consumers as the difference between total energy cost savings and 
additional first costs for higher-efficiency products in each year. We multiply the electricity savings in 
each year by the projected marginal electricity price. To arrive at a cumulative benefit, we discount the 
net benefit or cost in each future year to the present using discount rates appropriate for each type of 
user. 
In estimating national benefits, we consider impacts assuming that the current situation of electricity 
shortages will be greatly relieved by 2010, as envisioned by government plans. Thus, reduced 
consumption from higher efficiency products is expected to have an effect on generation at the 
margin. We calculate the present value of the net national benefits using appropriate national discount 
rate for India.  
Based on energy savings, we calculate the associated reduction in national electricity generation and 
primary energy consumption, using estimates of future transmission and distribution losses and 
generating efficiency. We calculate the associated reduction in emissions of carbon dioxide based on 
per-kWh emissions factors. 
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3. Consumer Impacts Analysis 
 
For each product, we estimated the incremental consumer cost of technologies providing higher 
energy efficiency relative to a specific baseline technology, as well as the associated reduction in 
annual energy use.  
To estimate the per-unit impacts of more efficient products on consumers, we used payback period, 
life-cycle cost (LCC) analysis, cost of conserved energy, and return on investment.   The payback 
period is the time required for savings in operating costs to equal the extra initial cost of a more 
efficient product.  The LCC is given by the following formula: 

∑
= +

+=
L

n
nDR

OC
PLCC

1 )1(
 

where P is the equipment  retail price, OC is the annual operating cost (electricity bill), and DR is the 
consumer discount rate.  The sum ranges over the lifetime of the appliance.  The denominator in the 
sum accounts for the fact that future operating cost savings are valued less by the consumer 
(“discounted”) than immediate first costs. 
We calculated the LCC for each design option considered for each product using the data from the 
technology cost-efficiency analysis, and discount rates for each sector. We interpret the design option 
with the lowest LCC to be the most cost efficient, and therefore an appropriate target for government 
efficiency programs, pending evaluation of other impacts. 
Another indicator of cost-effectiveness is the Cost of Conserved Energy (CCE).  Cost of conserved 
energy is the annualized increase in equipment costs divided by the value of annual energy saved 
through efficiency.  These costs can be compared to the marginal price of electricity in order to assess 
the benefit to the consumer. 
Finally, we also present the return on investment (ROI), which is the discount rate at which operating 
cost savings from the efficiency ‘investment’ equal the incremental first cost. 
 
Marginal Electricity Prices 
The consumer impact analysis uses marginal energy prices to calculate reduction in consumer energy 
costs associated with higher efficiency. Marginal energy prices are prices paid for the last unit of 
energy used in a given billing period. Since marginal prices reflect a change in a consumer's bill 
associated with a change in energy consumed, such prices are appropriate for determining energy 
cost savings associated with efficiency. 
For the LCC analysis we use estimated current marginal electricity prices. In all likelihood, the 
marginal prices in the 2010-2020 period will be higher than current prices, especially for residential 
and agricultural sectors. Thus, the use of current prices is a conservative assumption, since higher 
electricity prices will yield larger energy bill savings. 
There is considerable sectoral cross-subsidization in the sale of electricity in India, with large industrial 
and commercial consumers paying the highest rates, and residential consumers paying below the 
cost of production.  There is, however, a block structure by which the marginal cost increases with 
consumption.  This is generally true for all sectors but agriculture, where marginal cost increases are 
low or nonexistent in most states. 
To estimate the current residential and commercial marginal electricity price, we obtained and 
analyzed the prevalent tariff structures.  Most Indian residential and commercial consumers purchase 
electricity from State Electricity Boards (SEBs), so we based our estimates on their published tariffs.1 
We arrived at a national average rate of 5.9 cents per kWh by weighting each state’s rate by its urban 
population (those households likely to have refrigerators).  Average marginal commercial rates were 
obtained using the same methodology, and by assuming a nominal monthly consumption of 500 kWh 
for commercial enterprises.  We arrived at a national average rate of 10.7 cents per kWh by weighting 
each state’s rate by total commercial electricity consumption.  
 
Consumer Discount Rates 
Consumers value immediate savings more than future savings. The time value of money is typically 
accounted for by discounting future savings using a discount rate.   There is limited data on which to 
base consumer discount rates in India.  The rate currently used by utilities for their investment in 
demand-side efficiency programs is 10%.  We assume rates used for other sectors will be higher, with 
residential consumers discounting deferred savings by the largest factor.  Sector discount rates are 
15% for residential consumers, 12% for commercial customers.  

                                                           
1 Household consumption level of 100 kWh/month as provided by a study in Karnataka state by[1].  
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Refrigerators 
There are two main product classes for residential refrigerators in India:  direct cool (manual defrost) 
and frost-free.  Nearly all of the direct-cool models are one-door type, with a small freezer 
compartment within the same cabinet area as the fresh-food compartment.  Likewise, the frost-free 
units are entirely two-door units, with two isolated compartments connected by an air passage.  
Traditionally, direct cool units dominated the market, but frost-free units are gaining ground.  
According to a recent survey of Indian refrigerator manufacturers [2], direct-cool units command 82% 
percent of the market, with 18% held by frost-free.  While sales of refrigerators are currently growing 
at about 6% per year, one source indicates that frost-free sector growing at 20% per year.2, indicating 
a strong market trend towards this product class [3]. 
The parameters to assess the cost effectiveness of improved efficiency are taken from an engineering 
analysis [4], which evaluated the characteristics of a baseline refrigerator model and utilized a 
simulation software package in order to determine efficiency benefits.  This analysis used cost 
estimates reported by Indian refrigerator manufacturers. 
In order to more accurately estimate energy savings of current Indian refrigerators, we estimated the 
daily electricity consumption from a survey of the current market [2].  This dataset is comprehensive in 
terms of models currently sold, but does not have consumption data for many models.  Therefore we 
adopt the methodology of a recent report [5], which estimated a compressor activation rate of 38% for 
Indian refrigerators currently on the market.  Using this, in combination with the wattage ratings 
provided for current models (weighted by sales), we determine that the baseline refrigerator uses an 
average of 0.98 kWh per day. Annual unit consumption for the baseline model is 0.98 kWh/day x 365 
days = 359 kWh.3   Frost-free models, almost all of which are two-door models, are more than twice 
as energy intensive. According to a sample of models tested by manufacturers, average consumption 
of frost-free model is roughly 2.4 kWh/day or 876 kWh per year. 
Incremental costs represent direct material and labor expenses to the manufacturer, and are not 
indicative of the additional price paid by the consumer, which also includes distributor and retail 
markups.  In order to estimate these, we scale the percentage manufacturer incremental costs 
according to an estimate of baseline retail price.  The baseline retail price for a 165-liter direct-cool 
(single-door) refrigerator are taken from a survey of a comparison-shopping website in India 
(www.compareindia.com).  4The average of a sample of 17 models between 165 and 175 liters is 
$184 at current exchange rates (45.45 Rs/$).  For frost-free models, the baseline is around 220 liters, 
with about half of sales for units within the 220 to 250 liter range.  To estimate the baseline price for 
frost-free models, we used a sample of 18 models from the same retail source, and found an average 
price of $311 for units between 220-235 liters. 
Given a unit energy consumption (UEC) of 359 kWh per year and a price of 5.9 cents/kWh, the annual 
operation of a baseline direct cool refrigerator (design 0) would cost about $21. As shown in Table 1, 
each subsequent combination of design options results in a lower UEC, with an accompanying 
increase in retail price.   
For all of the design option combinations, payback is less than three years, and all of them lower the 
LCC.  Design option 3, which incorporates a reduction of heat leakage through the gasket, a more 
efficient compressor, and moderate insulation in the walls and door of the cabinet, has the lowest 
LCC.  We estimate a discounted net savings of about $38 over the life of the appliance for this unit.  
For the design options analyzed, CCE ranges from 1.5 to 3.0 cents per kWh, well below the relevant 
electricity price. Return on investment to the consumer ranges between 33% and 68%, consistent with 
payback periods of a year or two.  Based on the LCC analysis, we chose design option 3 as the policy 
target in calculating national impacts.   
 
 
 
 
 
 
 
 

                                                           
2 STAT-USA Industry Sector Analysis – Refrigeration and Air Conditioning Equipment - India 
3 Although refrigerators may not be operational during every hour of the day due to unreliability of the power supply, we 
assume, however that any compressor run time lost during a power outage is compensated for by the increased cooling 
necessary when power is restored.   
4 Price data are from a sampling of retail outlets, and therefore we judge them to be competitive and potentially more 
representative of actual prices paid than manufacturers’ suggested retail prices.   
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Table 1:  Consumer Financial Indicators for Direct-Cool Refrigerators 
Annual 

Electricity 
Bill

Unit Savi ∆ Total Total Total Change
kWh/day kWh/day kWh/yr $ $ $US Years $US/kWh p.a.

Baseline 0.98 359 $184 $21.31 0.00 $308 $0.00 $0.000 0%
Gasket Heat Leak Reduction 

25% 0.05 0.94 341 $2 $186 $20.24 2.24 $305 -$3.84 $0.023 44%
Higher EER(4.13) compressor 0.23 0.76 276 $7 $191 $16.39 1.46 $287 -$21.54 $0.015 68%
Increase insulation thickness in 

door and wall by 50% 0.45 0.54 196 $19 $203 $11.64 1.96 $271 -$37.58 $0.020 51%
Increase Evaporator area by 

33% 0.46 0.52 190 $23 $207 $11.29 2.33 $273 -$35.20 $0.024 43%
Increase condenser area by 

50% 0.49 0.49 179 $32 $216 $10.61 2.99 $278 -$30.52 $0.030 33%

$US

Retail PriceEnergy
UEC

CCE ROIDesign
Payback 
Period Life-Cycle Cost

 
Assumed lifetime: 15 years5 
 
Comparison of refrigerator efficiency levels with international practices is difficult, due to differences in 
product design, climate, use patterns and test procedures.  Nevertheless, some indication of the 
efficiency of baseline and high-efficiency Indian refrigerators can be inferred by comparison to EU 
refrigerator standards passed in 1999.  For the product class containing no freezer compartment, EU 
regulations require an annual energy consumption of no more than 252 kWh for a 165 liter appliance 
[6].  The baseline UEC in India of 359 kWh is well above this level, and in fact corresponds roughly to 
the estimated baseline of European refrigerators before standards took effect there.  The EU standard 
falls between design numbers 2 and 3 in our analysis.  Design 3 uses 22% less energy than the EU 
standard, and would therefore correspond to an ‘F’ rating, where ratings run from A to G, A being the 
best and G barely passing the minimum. 
For frost-free units, we assume that incremental equipment costs and energy savings will scale with 
the direct-cool analysis.  The estimated discounted savings for design option 3 is about $106 over the 
life of the appliance.  For the design options analyzed, CCE ranges from 1.0 to 2.1 cents per kWh.  
Return on investment to the consumer ranges between 48% to 99%, consistent with payback periods 
of one to two years.   
 
Air conditioners  
As in the case of refrigerators, there are two main classes of room air conditioners common in India, 
but one dominates the market.  India uses both window-mounted and split air conditioning units, but 
window units enjoy 83% of production, according to a recent survey of manufacturers (IMRB 2004).  
The market share of split units shows some indication of gaining ground on window units, however.  
Central air is still relatively rare in India. Traditionally, large commercial enterprises dominated the 
purchase of air conditioning equipment, but residential consumers are entering the market.  We 
estimate that by 2010, half of the purchases will be made by residential customers.   
Detailed engineering data for air conditioners particular to the Indian market are not available as they 
were for refrigerators.  Air conditioner designs tend to be similar among countries, however, so that 
design option parameters from the U.S. market may be used as a proxy. 
Baseline capacity, retail price and efficiency are estimated from a combination of production data, and 
model data from www.compareindia.com.  Market shares of each cooling capacity category are taken 
from manufacturer production estimates.  The most common capacity class is 1.5 ton (12,000 Btu/hr) 
cooling capacity, with one and two-ton units making up most of the remainder of the market.  The 
market-weighted average capacity is 1.5 tons, or 18,000 Btu/hr, well within the range of the units 
covered in the product class analyzed for U.S. DOE minimum efficiency standards.  The market-
weighted average price of the online models is $497, and the average efficiency level (EER) is 9.1.  
Since the baseline efficiency considered by the DOE analysis was 9.0 EER, the average retail price of 
these models should be reasonably representative of the baseline price.  Changes in EER and 
equipment cost estimated for various room AC efficiency levels in the U.S. DOE’s analysis (USDOE 
1997).  The annual energy consumption in India is estimated using assumptions about utilization by 
residential and commercial users.6 The efficiency increase with design 1 implies a 7.2% reduction in 
energy consumption, reducing annual use from 1191 kWh to 1105 kWh.   
                                                           
5 Estimate by Tata Energy Research Institute, Delhi – http://www.teri.res.in/teriin/news/terivsn/issue3/newsbrk.htm.  Last 
Accessed Jan 10, 2005. 
6 The regions in India where AC is common (North) have a six month cooling season. We assume that commercial users 
(assuming these are mostly office buildings) use AC 8 hours a day, 20 days a month, and that residential users use AC 4 hours 
a day, 30 days a month. This gives 960 hours per year for commercial users, and 720 hours for residential.  We assume 
that by 2010, residential sales (and therefore affected stock) will be equal to commercial, so we take a simple average and get 
840 hours per year. 
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Incremental costs to manufacturers to implement each design option are assumed to be the same in 
percentage terms in India as in the United States, and we expect these costs be passed on 
proportionally to the consumer.  For example, an increase in efficiency from the 9.0 EER baseline to a 
level of 9.7 (design 1) is expected to add 4% to direct material and labor expenses to the 
manufacturer.  Therefore, the retail price of this model is expected to be 4% higher than the current 
average of $497, or $514. 
Split-system air conditioners are not considered separately for the engineering analysis.  Savings and 
costs for these units are assumed to follow the same pattern as window air conditioners.  Considering 
the small market share of these units, this creates only a small inaccuracy in evaluation of national 
impacts. 
Traditionally, most air conditioner sales in India have been to commercial customers, but rapid 
economic growth and the rise of a burgeoning middle class is a large driver of new sales.  We 
therefore assume that in 2010, half of sales will be to residential consumers.  Therefore, the relevant 
marginal energy price for air conditioners is taken to be the simple average of the residential marginal 
rate (estimated at 5.9 cents/kWh) and the commercial marginal rate (estimated at 10.6 cents/kWh)  
Given a unit energy consumption (UEC) of 1063 kWh per year and a marginal price of 8.3 cents/kWh, 
the annual operation of a baseline room AC (design 0) is estimated to cost about $99.  
For the first three design option combinations, payback to the consumer is less than three years 
(Table 2).  In order to reach an EER level above 10.2, however, the incremental retail price increases 
significantly, because the design options required to achieve higher levels of efficiency would incur 
significant redesign and retooling costs for manufacturers7.  For this reason, the LCC is lower than the 
baseline only for the first 3 levels.  Design option 3, which achieves 10.2 EER, has the lowest LCC.  In 
calculating LCC for air conditioners, we use a discount rate of 13.5%, which is the average of the 
residential discount rate of 15%, and the commercial discount rate of 12%.  We estimate a discounted 
net savings of about $35 over the life of the appliance for this unit.  For this design option, the CCE is 
3.9 cents per kWh, well below the relevant electricity price. Return on investment to the consumer for 
this level is 36%, consistent with a payback period of 2.8 years.  Based on the LCC analysis, we 
chose the 10.2 EER design option as the policy target in calculating national impacts.  For 
comparison, the US Department of energy required a minimum efficiency of 8.8 EER for this product 
class in it’s 1990 rulemaking.  Standards effective in 2000 raised this minimum efficiency level to 9.7 
[7]. 
 
Table 2:  Consumer Financial Indicators for Room Air Conditioners 

Equip. Elec.
Price Bill Total Change

kWh/yr $ $US Years $US/kWh p.a.
 Baseline  9.0 1191 497 $99 - $1,078 $0 $0.000 0%

 0 + Incr Compressor EER to 
10.8  9.7 1105 514 $92 2.4 $1,053 -$24 $0.034 41%

 1 + Condenser Grooved Tubes  10.0 1074 520 $89 2.5 $1,044 -$33 $0.035 40%
 2 + Add Subcooler  10.2 1056 527 $88 2.8 $1,043 -$35 $0.039 36%

 3 + Increase Evap/Cond Coil 
Area  10.7 998 674 $83 11.1 $1,161 $84 $0.157 4%

 4 + Incr Compressor EER to 
11.3  11.1 966 723 $80 12.2 $1,195 $117 $0.172 3%

 5 + Incr Compressor EER to 
11.4  11.2 958 746 $79 13.0 $1,214 $136 $0.183 2%

 6 + BPM Fan Motor  11.5 932 865 $77 17.2 $1,320 $242 $0.242 -2%

 7 +**Variable Speed Compressor 12.8 839 1089 $70 20.3 $1,498 $421 $0.286 -4%

ROI
Payback 
Period

Life-Cycle Cost

$US
CCEDesign EER UEC

 
Assumed lifetime: 12.5 years 
 
4. Forecast of Product Sales 
 
For each product, we developed a forecast of sales in each year in the 2010-20 period. The approach 
and data used are described in each section below. 
 

                                                           
7 These design options would require enlargement of the air conditioner cabinet. 
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Refrigerators 
Currently, between 3 and 4 million refrigerators are sold in India each year.  The great majority of 
these are produced in India by Indian firms, or by firms representing a joint venture with a North 
American or East Asian company.  Foreign multinationals have traditionally had only a small presence 
in India, but now command a large share of the market.  Direct imports are small. Furthermore, there 
is a strong trend towards consolidation, with the unorganized sector losing market to the bigger 
players and prices of units declining. Although the market does contain a component due to 
replacements of old refrigerators, growth is dominated by the entrance of households to the 
expanding middle class.  As of 2002, only 12% of households nationwide owned a refrigerator 
(Appliance Magazine), with very low levels of saturation in rural areas and among the poor, roughly 
half of whom do not have access to electricity. 
Total sales of refrigerators in the years 1997-2002 was taken from a recent report [8].  For 2003-2008, 
we relied on a forecast for sales provided by Euromonitor, a marketing research firm. These two 
sources combined indicate a ten-year average growth rate of 5.9% per year.  We assume that this 
rate of total sales will continue throughout the forecast period.  Our forecast shows sales growing from 
roughly 3.5 million units in 2002 to around 9 million in 2020 (Figure 1). A more precise forecast is 
inhibited by the large uncertainties in predicting the number of households that will be able to afford 
refrigerators.   
The current market split is 82% direct-cool and 18% frost-free units.  As mentioned, the frost-free 
sector continues to gain market share.  We assume that it will gradually increase to a 25% share by 
2020.. 
 
Air conditioners 
The new and increasing residential customer base for air conditioners has caused dramatic growth in 
recent years at rates of more than 20% per annum.8  There is still great potential for growth in the 
residential sector, as household saturation rates are still around the 1% level.  A further impetus for 
sales growth has been the lowering of value-added tariffs.   
In line with a general trend towards manufacturing industry consolidation, the unorganized sector, 
which once was dominant in air conditioner manufacturing, has given way to large firms, including 
multinationals, which now control about 80% of the market.  We forecast sales only for the organized 
sector, as we assume that it would be more difficult to implement efficiency measures in the 
unorganized sector.  Sales in the organized sector totaled 660,000 units in 2002, a dramatic increase 
from only 264,000 in 1998 (a 17% per annum growth rate).  Growth in air conditioners is expected to 
be even larger during the 2002-2007 period, reaching 25% per annum [3].  We assume that the 
growth rates will level to 15% between 2008 and 2010, and remain constant at 10% throughout the 
period 2010-2020, as saturation effects become significant.  We assume that the share of split-system 
air conditioners remains constant at 17% throughout the forecast period. 
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Figure 1: Unit Refrigerator and Room Air Conditioner Sales, 2000-2020 
 
                                                           
8 Source: Euromonitor 
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5. National Impacts of the High Efficiency Case 
 
The Base Case provides a reference against the potential impacts of the High Efficiency Case are 
measured. Base Case employed assumes no improvements in baseline efficiency, and no change in 
the (inflation adjusted) retail price of baseline units. 
The High Efficiency Case assumes that a mixture of market forces and policy initiatives result in a 
situation in which the average efficiency of products sold in 2010 and thereafter meets the efficiency 
of the design option that provides the minimum LCC. This assumption corresponds to achievement of 
the full cost-effective potential of efficiency improvement. A lack of data on historical trends in 
efficiency makes it difficult to assess to what extent efficiency of the considered products may improve 
in India due to market forces.  
All sales of products during the 2010-20 period are affected by the policy, and savings are estimated 
from these products only.  Sales that occur after 2020 do not affect national savings; however, lifetime 
savings due to units that remain in the stock after this time are included in the net present value.  We 
calculate energy and cost savings until the last unit shipped in 2020 is retired from the stock. 
 
Stock Forecast  
The total stock and vintage of appliances in any given year is needed in order to calculate national 
energy consumption and savings.  The stock is calculated using a straightforward accounting method 
that takes each year’s sales as input.  For each year, some fraction of the cohort installed in previous 
years remains, according to a survival function.  For the purposes of this analysis, the survival 
function is a simple curve based on the average lifetime. According to this function none of the 
refrigerators are retired before 10 years (2/3 of the mean lifetime of 15 years), and all of them are 
replaced by 20 years (4/3 of the mean lifetime).  Between these limits, the probability of retirement is a 
straight line.  The survival function for air conditioners is of the same form, but uses a mean lifetime of 
12.5 years, as estimated by the U.S. Department of Energy in its technical analysis of proposed 
standards.    
 
Energy Consumption by Consumers  
Total annual energy consumption by consumers in Base Case and High Efficiency Case is calculated 
by multiplying remaining stock from each cohort by unit energy consumption.  We consider that some 
changes in average product size and/or features are likely between today and 2020. Such change will 
affect the UECs. For example, the market share of frost-free refrigerators is increasing.  It is also likely 
that frost-free refrigerators will become larger. We therefore apply a UEC growth rate of 1% for frost-
free units over the forecast period. We assume that this rate of increase will be accomplished through 
improved manufacturing processes and economies of scale, and will therefore impose no price 
increase.  No increase in average capacity over time is assumed for room air conditioners.   
In calculating national energy impacts of a high efficiency policy for air conditioners, we take into 
account that roughly 5% of the models available on the retail website surveyed 
(www.compareindia.com) were above the target efficiency level of 10.2 EER.  We assume that this 
percentage corresponds to the sales market share of efficient models, thus lowering the market-
weighted base case UEC.  Table 3 gives the Base Case and Efficiency Case average UEC values by 
product in 2010.  
 
Table 3:  Average Unit Energy Consumption Values in 2010  
Product  Base Case 

(kWh/year) 
Efficiency Case 
(kWh/year) 

Percentage 
Improvement 

Direct-cool Refrigerator 381 208 45% 

Frost-free Refrigerator 930 508 45% 
Window Air Conditioner9 1191 1056 11% 

 
Figure 2 shows the total electricity consumption by refrigerators and air conditioners over time in the 
Base Case and the High Efficiency Case. The sharp change in 2010 is a function of our method. In 
reality, there may be a ramp-up in the High Efficiency Case prior to 2010 as market forces and 
policies begin to have an impact.  The significant opportunities for cost-effective efficiency 

                                                           
9 Consumption patterns and engineering parameters for window air conditioners assumed to hold for split systems for the 
purposes of this study.  
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improvement for this product are evident.  The result of efficiency improvement is that growth of 
electricity consumption for this product is slowed to only a fraction of growth in the size of the stock.  
 

 
Figure 2: Total Electricity Consumption by Refrigerators and Air Conditioners in India 
 
Because of constraints of cost-effectiveness, percentage efficiency improvement for air conditioners is 
much lower than in the refrigerator case.  Nevertheless, energy savings for air conditioners is 
significant, due to the extraordinary growth in the use of this product in India. 
 
Benefit to Consumers  
The Net Present Value (NPV) to consumers represents the net financial savings to consumers yielded 
by use of the High Efficiency Case products, discounted to the present (2005). Financial impacts are 
calculated at the national level using the aforementioned shipments and stock forecasts.   
It is difficult to obtain a reliable forecast for marginal electricity prices in the Indian context. Production 
costs may increase or decrease according to world fuel prices and the availability of domestic coal 
and hydropower. An even more significant consideration is the increasing pressure to reduce 
subsidies, and general fiscal reform (privatization) of the power sector.  According to recent estimates, 
average electricity tariffs in India cover only 69% of costs [9], which were estimated at 350 paise/kWh 
(equal to 7.7 US cents/kWh measured in 2004 dollars).  The report estimates residential tariffs cover 
only 56% of the cost of production.10 The industrial and commercial sectors pay more than the cost of 
production (108% and 122% respectively). Agriculture is the most highly subsidized sector, with 
average tariffs covering only 12% of cost of production.   
We estimated marginal rates to consumers for each sector according to current tariff structures.  This 
analysis shows that while residential tariffs are highly subsidized, the residential tariff is highly 
dependent on consumption so that households pay a much higher price for the last unit of electricity 
consumed than the average over the entire utility bill. Therefore, the energy saved by purchasing 
efficient equipment will yield greater cost savings than average tariffs would indicate.  We find a 
marginal cost in the residential sector of 5.9 cents per kWh.   Commercial consumers also pay a 
premium for consumption, with a marginal rate of 10.6 cents per kWh.   
We expect that between now and 2010, there will be continued efforts to bring residential and 
agricultural tariffs in line with the cost of production. In particular, agricultural rates are a main focus of 
tariff reform in India, and have been raised significantly in several states. The Common Minimum 
National Action Plan for Power issued in 1996 by the Chief Ministers of Indian States led by the 
Government of India decrees that “no sector…shall pay less than 50% of the average cost of supply” 
[10].  According to the most recent report on State Electricity Boards [9], the average cost of 
production was 7.7 cents per kWh. The residential sector will also be a likely target of tariff reform.  
Since the degree to which subsidies will be reduced is difficult to predict, however, we assume that 
current marginal rates will prevail throughout the forecast period. 
 

                                                           
10 Revenues received by utilities amount to less than this value, since there is a fair amount of electricity theft or non-collection 
of bills. 
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Net yearly savings arise from the difference in incremental equipment and operating costs in the High 
Efficiency versus Base Case. Net Present Value of High Efficiency Case is then defined as the sum 
over the forecast period of net national savings each year, multiplied by appropriate national discount 
rate. We use a national discount rate of 10% currently used by the World Bank for projects in India. 
For most products, we calculate NPV entirely on the basis of consumer impacts, reasoning that the 
end user assumes the full incremental cost of high efficiency equipment with no rebates or other 
compensation, and financial benefits arise from reduced consumer bills. In general, efficiency 
measures are highly cost effective to the consumer, thus NPV is positive. The total estimated NPV 
benefit to consumers of the High Efficiency Case is shown by product in Table 4. The total NPV 
across all of four studied products is $5.5 billion (1000 million), of which $2.5 billion comes from 
refrigerators and room air conditioners.  
 
Table 4.  Estimated Present Value of Costs and Benefits to Indian Consumers of the High 
Efficiency Case ($ billion) 

Product Additional Product Costs Electricity Cost Savings NPV 
Refrigerator 0.6 1.9 1.3 
Room air conditioner 0.1 1.3 1.2 
TOTAL 0.7 3.2 2.5 

 
Primary Energy Savings and Avoided Emissions 
Primary energy savings represent the energy use avoided by the High Efficiency Case. In our 
scenario, we assume the current situation of shortages to be greatly relieved by 2010 (envisioned by 
government). Thus, reduced electricity consumption has an effect on generation. To the extent that 
shortages continue in the 2010-2020 period, primary energy savings and avoided emissions would be 
lower than presented, since much of the savings would be sold to a customer whose demand would 
otherwise be unmet.11  
The calculation of primary energy savings considers the heat rate -- the power plant fuel input needed 
to produce one unit of electricity, and transmission and distribution losses as a fraction of generation. 
According to data collected by the Indian Ministry of Non-Conventional Energy [11], the heat rate of 
currently operating plants is 9621 Btu/kWh, equal to an input-to-generation factor of 2.82.  This factor 
is weighted over all electricity generation, including hydroelectric and nuclear (which have assumed 
factors of 0 and 3, respectively). We calculated the average heat rate for each year in the forecast 
according to current plants in operation, in combination with planned additions to 2020 [11].  The T&D 
loss rate is expected to drop from 32% today to 20% by 2020 [12].   
Table 5 shows the cumulative primary energy savings in the High Efficiency Case. Close to half of the 
savings come from more efficient refrigerators.  To calculate avoided CO2 emissions, we note that the 
current rate of CO2 emissions is 0.87 ton of CO2 per generated MWh. This figure is expected to 
decrease to 0.79 T(CO2)/MWh by 2020 due to installation of more efficient thermal plants [11]. 
Cumulative avoided CO2 emissions in the High Efficiency Case are summed over the lifetime of all 
products shipped between 2010 and 2020. 
 
Table 5:  Estimated Cumulative Primary Energy Savings and Avoided CO2 Emissions in the 
High Efficiency Case for products shipped between 2010 and 2020 
Product MTOE Million tons CO2 
Refrigerator 77 259 
Room air conditioner 23 78 
TOTAL  90 337 

 
6. Extension of Indian National Results to Other Countries 
 
Introduction 
India is an attractive target for efficiency programs because of its large size, strong economic growth, 
and the significant potential for efficiency improvement for key target equipment.  We extended some 
of the results for India to other countries. The purpose is to identify countries where significant energy, 
financial and environmental benefits may be achievable through cost-effective efficiency measures.  
                                                           
11 Shortages generally occur at times of the day when demand is above average. If ‘saved electricity’ is saved during times 
when demand is below average, there may not be any unmet demand, and thus no opportunity to sell the ‘saved electricity’. 

692



Whereas the Indian results provide quantitative estimates of the impacts achieved through efficiency 
programs, the results for other countries indicate areas where further investigation might be useful. 
Interested parties have a framework that can be used to acquire key data on specifications and 
market features, as well as a methodology to produce detailed country-specific results. The current 
report can be seen as a first-order look at savings potential which could be easily improved using the 
current methodology as country-specific data become available. 
Two criteria were used in selecting the countries for extension of the analysis.  First, we selected 
countries in the region of South Asia, the Middle East (including North Africa) and Sub-Saharan 
Africa, as regions most likely to have a similar energy situation to India.   
Secondly, we chose countries with the largest economies, in terms of GDP.   
All countries were chosen which had a GDP of at least 60 Billion dollars (2004 dollars) in 2002, the 
last year for which data were available from the World Bank. In Sub-Saharan Africa, only one country 
- South Africa - fulfilled this criterion.  We therefore included the second largest economy in the region 
– Nigeria, which had a GDP of 41 Billion dollars in 2002. 
The table of selected countries shows several important features.  First, India represents the large 
majority of the South Asian economy, with 77% of GDP.  Pakistan and Bangladesh account for most 
of the remainder – only 4% of GDP is not accounted for by consideration of these three countries.  
Population and GDP is more distributed among the countries of the Middle East and North Africa.  
The five countries considered, Saudi Arabia, Iran, Israel, Egypt and Algeria account for 70% of GDP 
and 54% of the population of the region. The two countries chosen for Sub-Saharan Africa account for 
56% of the region’s GDP and 29% of its population.   
 
Method 
We made estimates of potential impacts of efficiency programs in the nine additional countries 
considered, assuming detailed engineering parameters similar to the Indian case. A more in-depth 
analysis would consider differences in each country. Such data however, are not readily available, 
and their collection is beyond the scope of this study.  As a result, we do not report individual 
customer benefits  as these are assumed to mirror the Indian results. Instead, we focus on the scaling 
of individual consumer impacts to the national scale, in order to suggest potential focus areas. 
In estimating potential impacts for the regional extension we explicitly assumed that the following 
parameters were identical to the Indian case: 
• Product class and capacity 
• Baseline unit energy consumption 
• Efficiency design options 
• Incremental cost of efficiency improvement 
• Baseline retail equipment price 
• Equipment lifetime 
• Discount rate of 10% used in calculating Net Present Value (NPV) of societal benefits. 
For each end use, we made a rough market forecast and applied Indian product parameters in order 
to calculate national financial and environmental benefits. Analysis does not take into account current 
programs that may already be in place in these countries.   
In estimating financial benefits, the variation in retail electricity prices is a critical parameter.  This 
variation can arise from the local cost of production.  A more important factor may be government 
policy in setting tariffs, since electricity is highly subsidized in many developing countries.  For this 
reason, we used tariffs appropriate to each particular country where tariffs were available.  Where 
data were not available, Indian tariffs were used.  Available tariff data are shown in Table 6. 
 
Table 6: Electricity Tariffs by Sector ($US cents / kWh) 
  Residential Commercial Industrial Agricultural 
India 5.93 10.66 7.62 3.18 
Pakistan 3.92 6.71 3.58 5.36 
Bangladesh 5.18 8.70 6.61 3.18 
Iran 1.58 5.71 3.07 0.24 
Algeria 5.15 3.69 3.69 N/A 
South Africa 3.98 N/A N/A N/A 
Nigeria 3.10 6.58 6.58 N/A 

Sources – Pakistan Water and Development Authority, Bangladesh Power Development Board, World Energy 
Council, Société algérienne de l'électricité et du gaz, South Africa ESKOM, Power Holding Company of Nigeria 
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The table shows that in, general, prevailing tariffs in these countries are quite low, even compared to  
India. This indicates a high degree of subsidy, which may result in low return rates to consumers from 
efficiency, but correspondingly higher benefit to governments and utilities which are currently incurring 
a substantial financial loss in providing wasted energy.  Unlike the case of India, we do not assume 
that tariffs will increase in order to cover the cost of production for these countries.  While we believe 
that pressures to reform tariffs in these countries will be similar to the Indian case, specific evidence to 
this effect is lacking.  
In calculating environmental benefits (avoided CO2 emissions), differences in the generation mix, 
transmission and distribution losses and carbon emission factors (g(CO2)/kWh) for each country are 
taken into account (International Energy Agency) 
 
Refrigerators 
Household refrigerator sales are generally growing. Refrigerator ownership is strongly dependent on 
economic growth, as it is usually the first major appliance purchased by households upon reaching a 
significant level of income. Ownership growth may also depend on domestic market development, as 
middle income households in a country with a well-developed domestic production of refrigerators 
may find them more widely available, less-expensive, and more desirable.  Finally, for poorer 
countries, low electrification rates may impede appliance ownership (see [13]) 
We forecast refrigerator sales by extrapolation of sales data compiled by a market research firm [14].  
The market data report provided household refrigerator sales for 1999-2001, along with a market 
forecast for the years 2002-2006.  In addition to this report, supplemental data were used to estimate 
refrigerator sales in Egypt and Pakistan [15], [16].  Forecasting sales according to current growth 
rates, does not take into account details of dynamics of new ownership and replacements. It does, 
however, give an idea of market size in each country, and one reasonable scenario for future growth. 
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Figure 3: Refrigerator Shipments Forecast 2005-2020 
 
Figure 3 shows the forecast of refrigerator sales in each country.  A striking feature is that the sum of 
sales over all countries studied is still smaller than the Indian market.  This is perhaps not surprising, 
since the Indian economy is comparable in size to all other countries combined.  Further, the Indian 
refrigerator market is highly mature, with extensive domestic production going back decades.  
Nevertheless, the market is significant in many areas, especially South Africa and Iran, which each 
will experience sales on the order of a million per year. 
 
In calculating financial/environmental impacts, we assumed parameters identical to India: 
• Unit energy consumption of single- and two-door refrigerator models 
• Retail price of refrigerators 
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The relative market share of single vs. two-door models in 2005 is taken to be the same as in the 
Indian case (83% of the market is single-door). In the Indian forecast, however, the double-door 
market is known to be growing.  For the other countries, market segmentation data were not available, 
so we assumed constant fractions throughout the forecast. As in the Indian case, impacts are 
calculated for equipment shipped between 2010 and 2020. 
 
Table 7: Impacts of Improving Efficiency for Refrigerators shipped 
between 2010 and 2020 

Country 
Shipments 
2010-
2020 

Site 
Energy 
Savings 

Emissions NPV 

  Millions TWh MT(CO2) $Billions 
India 77 272 178 2.73 
Pakistan 4.0 12 5.6 0.06 
Bangladesh 1.6 4.7 3.1 0.04 
Saudi Arabia 4.0 12 7.6 0.10 
Iran 9.4 28 17 0.01 
Israel 4.0 12 11 0.11 
Egypt 5.4 16 7.2 0.14 
Algeria 3.6 11 8.0 0.08 
South Africa 17 51 46 0.25 
Nigeria 1.5 4.4 1.8 0.01 
Total (non-India) 51 150 106 0.81 

 
As shown in Table 7, shipments for all countries considered total about 51 million over the forecast, 
period, or about 2/3 of shipments forecast for India.  Site energy savings, emissions, and net present 
value of financial benefits scale roughly.  South Africa has by far the largest refrigerator market, and 
would therefore be an attractive candidate for efficiency programs. Iran also has a large market.  
Sales of refrigerators in Nigeria and Bangladesh are expected to remain quite low, presumably due to 
low incomes and lack of electrification, especially in rural areas.  Total Net Present Value of financial 
impacts in the countries considered is about $750 million.  In Iran, NPV is quite small, indicating low 
benefits to consumers there.  This is due to the very low prevailing electricity price to residential 
consumers in that country.  It should be noted, however that the Net Present Value calculation does 
not take into account government benefits in avoiding delivery of highly subsidized electricity. 
 
Air Conditioners 
Air conditioners were not considered due to poor market data availability. Some data are available in 
terms of imports and exports but this is unreliable for larger economies as they are likely to have 
significant domestic production (including assembly). Data must be collected on a country-by-country 
basis in collaboration with local industry or trade experts.  This data collection was out of the scope of 
the current study.  In addition, use patterns of air conditioners vary widely due to climatic effects.   
 
Conclusions 
 
This analysis shows that, although no single country studied would receive as much energy savings 
and NPV benefit as India, there is significant potential for savings. In particular, South Africa and Iran 
are predicted to consume large amounts of electricity with equipment for which efficiency 
improvement has been demonstrated to be highly cost-effective.   
In summary, we believe that the extension of the Indian results may allow some governments to 
consider implementation of efficiency programs.  Further, we conclude that, given improved market 
and engineering data availability for these additional countries, the methodology demonstrated could 
be readily applied to produce impact estimates at the level of detail that this report provides for India. 
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Abstract  
The aim of the EcoTopTen campaign is to deliver a market 
survey of the most energy efficient products for private 
households in Germany. Most of the analysed product groups 
deal with energy using products (EuP): refrigerators, freezers, 
washing machines, tumble-driers, cookers, televisions, 
notebooks, flat panel displays, printers, boilers and lighting 
equipment. For each product group, Oeko-Institut develops 
minimum criteria relating to environment, quality and costs. The 
criteria are based, as far as possible, on existing labels and 
product tests, like the European energy label, the German eco-
label, as well as labels for green electricity or product tests published in the journal of the German 
“Stiftung Warentest1”. 
EcoTopTen goes far beyond existing labels and consumer information schemes: it integrates 
environmental and quality aspects as well as annual life cycle costs. In doing so, Oeko-Institut 
promotes the further development from environment labels towards sustainability labels. At the same 
time, EcoTopTen already works in a similar way as the one set in the requirements of the EuP 
Directive and thus delivers valuable experiences in this field. Additionally, Oeko-Institut promotes 
sustainable product development: sustainable innovation goals are communicated to manufacturers 
showing which advanced criteria relating to environment, quality and costs should be met by products 
in a few years.    
With EcoTopTen, Oeko-Institut finally gives a practical basis for policy approaches, e.g. similar to the 
Japanese Top-Runner concept. This concept makes environmental performance values of today’s 
most efficient products binding as a minimum standard for products in a few years – EcoTopTen gives 
an overview on today’s most efficient products. 
 
 
Introduction 
Most consumers are not willing to wade through many sales brochures, test reports or consumer 
advice manuals to find the ‘right’ product. Since March 2005, the EcoTopTen campaign provides 
German consumers with comprehensive overviews of those products that are recommendable in 
every respect. Such products not only have a low environmental impact, but also meet customers’ 
quality expectations and are affordable at the same time. EcoTopTen delivers information on the 
purchase prices and on further annual costs, such as for electricity or water needed for using the 
products. In view of comparison possibility, typical products failing to meet the EcoTopTen criteria are 
also presented. These market overviews should put consumers in a position to take quick decisions in 
favour of sustainable products. The campaign also provides tips on how to use these products in a 
way that saves money and is less environmentally harmful. 
EcoTopTen is a major initiative for sustainable consumption and product innovations in mass markets 
initiated by Oeko-Institut in Freiburg, Germany. The EcoTopTen research project [1] is sponsored by 
the Federal Ministry of Education and Research. The consumer information campaign [2] is 
sponsored by the German Ministry of Food, Agriculture and Consumer Protection and the Legacy for 
the Future Foundation. At regular intervals, the scientists produce recommendations of high-quality 
‘EcoTopTen products’ – all of which offer good value for money and top environmental performance. 
A series of product recommendations will be published on www.ecotopten.de at regular intervals until 
the end of 2006.  
Table 1 gives a review of ten product fields and associated product groups analysed within 
EcoTopTen. Taken together, the products in these fields currently generate 64 percent of Germany’s 

                                                      
1  German body responsible for product quality tests and consumer information 
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total carbon dioxide emissions and 58 percent of its energy consumption, and account for about two-
thirds of all consumer expenditure. 
 
Table 1: Analysed product fields and associated product groups within EcoTopTen 
EcoTopTen Product fields Associated product groups  
Building & Housing Condensing boilers (gas) 

Wood-pellet heating systems 
Energy-saving lamps 
3-litre new prefabricated construction 

Mobility High-mileage car fleet. Best-in-class schemes for: 
Small cars / Mid-range cars / Family cars / Mini-vans  
Car sharing 
Bicycles (safe and low-maintenance) 

Eating & drinking Full range of organic groceries with umbrella label 
Refrigerating, Cooking, Dishwashing Refrigerators & Freezers  

Gas & Electrical cookers 
Dishwashers  

Clothing Full range of textiles (organic & fair-trade standards) 
Laundry washing & drying 5-kg washing machines  

Tumble driers  (heat pump driers, gas driers) 
Information & Communication Virtual answering machines 

PCs / notebooks 
Flat panel displays 
Printers 

TV & Co.  Flat panel TV sets with PC connection 
Electricity  Certified green electricity 
Investment Sustainable funds  

Old-age-provision products 
 
What is new about EcoTopTen? The methodological approach 
 
The EcoTopTen product ratings give equal weight to the criteria of low environmental impact and 
acceptable annual overall cost, while at the same time taking high quality into account. Integrating 
these three dimensions as well as systematically considering the annual follow-on costs – instead of 
comparing merely the purchase price – is an entirely novel approach.  
The EcoTopTen criteria are, to the extent possible, based on existing criteria such as those of 
ecolabelling schemes - EcoTopTen is thus not a new label. There are minimum environmental criteria 
that must be met for products to get an EcoTopTen listing, but there are also price ceilings that must 
not be exceeded. Where permitted by data availability, EcoTopTen also provides information on 
existing quality tests or social aspects. 
 
Ecological approach of EcoTopTen 
Depending on the product group, (German) consumers find a great number of different labels 
signalising good environmental performance – which means that on the other hand they also have the 
difficulty of choice. Consumers have to know and understand the meaning of each of these labels in 
order to make a good and above all sustainable choice. On the other hand there are product groups 
where consumers find no ecolabel at all, e.g. virtual answering machines or investment funds. 
EcoTopTen wants to reduce the complexity for consumers by providing precise recommendations for 
sustainable products without the need for consumers to know every detail – comparable to an 
umbrella brand name. Table 2 gives an impression on the variety of different ecolabelling schemes 
that form the basis of the environmental assessment of product groups in EcoTopTen. 
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Table 2: Product groups and underlying ecolabelling schemes for assessment in EcoTopTen 
EcoTopTen product groups  Underlying ecolabelling schemes 
 Condensing boilers (gas) 
 Wood-pellet heating systems 
 Energy-saving lamps 
 3-litre new prefabricated construction 

⇒ German Blue Angel 
⇒ German Blue Angel 
⇒ European energy efficiency label  
⇒ German energy pass 

 High-mileage car fleet 
  

 Car sharing 
 Bicycles (safe and low-maintenance) 

⇒ Annual list of ecological cars by Verkehrsclub 
Deutschland (VCD) 

⇒ German Blue Angel  
⇒ --- 

 Full range of organic groceries with 
umbrella label 

⇒ “Bio-Siegel” (Organic food label), Transfair label 

 Refrigerators & Freezers 
 Gas & Electrical cookers 

 
 Dishwashers  

⇒ European energy efficiency label 
⇒ European energy efficiency label (for electrical 

cookers only) 
⇒ European energy efficiency label 

 Full range of textiles 
(organic & fair-trade standards) 

⇒ European flower, Öko-Tex 100/1000, Ecoproof, 
Toxproof, IVN Better / Best, Purewear, … 

 Washing machines  
 Tumble-driers  

(heat pump driers, gas driers) 

⇒ Energy Efficiency Label, European flower 
⇒ Energy Efficiency Label (for electrical driers only) 

 Virtual answering machines 
 PCs / notebooks 
 Flat panel displays 
 Printers 

⇒ --- 
⇒ German Blue Angel 
⇒ TCO ’99 / TCO ‘03 
⇒ German Blue Angel 

 Flat panel TV sets with PC connection ⇒ European flower 
 Certified green electricity ⇒ German ok-power label / green electricity label 
 Sustainable funds  
 Old-age-provision products 

⇒ Austrian Ecolabel for green funds 
⇒ --- 

 
In its criteria, the German ecolabel ‘Blue Angel’ mostly goes beyond the European Energy Efficiency 
Label. For example, there are requirements in terms of materials used (e.g. excluding materials 
classified as carcinogenic), construction (e.g. being suitable for recycling), noise, packaging of the 
product or manual and consumer information. Therefore, EcoTopTen primarily seeks to take the Blue 
Angel as basis for the environmental assessment. At the same time, this was quite a challenge in two 
terms: On the one hand, the possibility for awarding the Blue Angel exists for only five out of 22 
EcoTopTen product groups. During the last few years, the Blue Angel was mainly withdrawn from 
most of the large household appliances, like washing machines, freezers or ovens. For these product 
categories, EcoTopTen rather applies the European Energy Efficiency Label as minimum requirement 
for the environmental assessment – setting additional criteria if necessary, e.g. noise level or 
protection systems for damage by water concerning dishwashers.       
On the other hand, application for the Blue Angel is voluntarily. Therefore, it happens that 
manufacturers whose products fulfil the criteria do not apply for the ecolabel due to procedural, cost 
or other reasons. For example, looking at wood-pellet heating systems, the main market leaders did 
not apply for the Blue Angel. In those cases, EcoTopTen could bridge a gap by recommending also 
those products to consumers that fulfil the ecological criteria without being awarded the Blue Angel.  
 
Economic approach of EcoTopTen 
EcoTopTen has supplied a market report on the most efficient fridges, fridge-freezers and freezers [3]. 
The EcoTopTen market survey contains information on energy consumption, purchase price and 
overall annual cost, as well as details of special functions such as energy-saving holiday programmes, 
automatic defrosting and temperature warning systems. The new EcoTopTen market survey 
recommends that consumers only go for models with A++ energy efficiency. These are the ones that 
are best buys in terms of environmental and energy performance. What only few consumers know: 
the top models within the A class consume up to 45 per cent less electricity than the worst performers 
in the same category. This is why in 2004 the range was extended with a view to include sub-classes 
A+ and A++.  
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It certainly pays off to look at the energy consumption of fridges and freezers: they are constant 
consumers since they stay switched on all the time. Products in energy efficiency classes A or B, 
which use much more electricity than the ones of higher categories, can end up costing more in the 
long run. Their smaller purchase price can be outweighed by high annual electricity bills. 
 
Table 3: Overall annual costs of an A-classified fridge compared to an A++-EcoTopTen fridge 

Volume (litre)
fridge / icebox

EcoTopTen-fridge A++ 121 / 19 131 kWh 329,95 € 49 €
Typical fridge A 121 / 19 230 kWh 309,00 € 66 €

Overall annual cost 
(Euro / year)

Model Energy 
efficiency class

Energy consumption 
(kWh/a)

Purchase price 
(Euro)

 

Table 3 shows how it works: Anyone who chooses a 120-litre fridge with a four-star freezer 
compartment and A++ energy efficiency class, as recommended by the EcoTopTen campaign, will for 
example pay around 330 Euro up front. The overall annual costs – including the costs of a year’s 
electricity consumption – are of 49 Euro. A typical fridge of a similar size in energy efficiency class A 
is, for example, around 20 Euro cheaper to buy. But the annual costs for operation are 66 Euro, 
because it uses 230 kWh of electricity or around 100 kWh more than the EcoTopTen fridge. Hence, 
the EcoTopTen fridge will cost the consumer about 17 Euro less each year – even if it costs more up 
front. 
The comparison of the overall annual costs shows that environmentally-friendly products often 
perform better than typical products even if the purchase price is higher. Another example: Oeko-
Institut has calculated the overall annual cost of lamps, including the annualized purchase price and 
the annual cost of electricity. With a typical service life of 6,000 to 15,000 hours and a daily lighting 
time of three hours, an 11-watt compact fluorescent lamp (CFL) costs the consumer 3.10 Euro a year. 
In contrast, the typical service life of a comparable 60-watt incandescent light bulb is approximately 
1,000 hours. Due to the higher substitution rate and the higher annual energy costs the overall costs 
add up to 12.40 Euros a year, although the initial cost of buying a CFL is higher, at about 15 Euros 
compared to 50 Cents for a conventional incandescent lamp. 
Finally, there is the possibility for cross examination of overall annual costs between several product 
groups (see table 4). The margin within a product group is usually due to the products’ different size 
or configuration. For example, the detailed analysis shows that overall annual cost of chest freezers is 
lower than those of equal freezers. In general, EcoTopTen gives an impression on the allocation of 
consumers’ budget and provides the possibility for eco-efficient prioritising – e.g. using compact 
fluorescent lamps or green electricity with little additional costs instead of spending much more money 
for buying a new freezer with little more efficiency compared to the old one. 
 
Table 4: Range of overall annual costs (Euro/year) of several EcoTopTen-products  

Lamps 
(CFL)

Fridge Chest-
freezer

Freezer Fridge-
freezer

Tumble 
drier

Dishwasher Cars (small / 
mid-class / family)

Overall 
annual cost

2 – 5 € 50 – 80 € 50 – 80 € 50 – 100 € 80 – 130 € 90 – 100 € 170 – 270 € 4,500 – 7,500 €
 

Quality approach of EcoTopTen 
In Germany, the independent consumer magazine STIFTUNG WARENTEST regularly conducts 
quality tests for numerous product groups. Considering tumble driers for example, Stiftung Warentest 
examines the specific functions in different programmes, environmental aspects like energy 
consumption or noise, and the handling of the appliances.  
Unfortunately, products tested by Stiftung Warentest only represent a small range of products 
available on the market. For example, the latest quality test of tumble-driers is from November 2003 
and represents only a selection of models. Therefore, the results of those quality tests cannot 
generally be included in the overall assessment of EcoTopTen-products. As far as results of quality 
tests exist, they are taken into account. Minimum requirement for the admission in EcoTopTen is the 
quality grade “good” (1.5 to 2.4 points). On the other hand, there is no devaluation of EcoTopTen-
products, if no quality test exists.   
Figure 1 shows an extract from the EcoTopTen-flyer for tumble-driers [4]. Besides information on 
different technologies, energy efficiency classification, energy or gas consumption and costs, the last 
column shows the test results of those products tested by Stiftung Warentest in July 2000 and 
November 2003 respectively.   
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Figure 1: Extract from the EcoTopTen flyer for tumble-driers – illustration of quality aspects  
Notes:  
Technology: A = Air vented drier; A* = gas heated tumble drier; K = Condenser drier; K* = condenser tumble drier 
with a heat pump. Energy efficiency classification: Officially, there is no energy efficiency classification for gas 
heated tumble driers. However, the primary energy demand and the global warming potential (GWP) of gas 
heated tumble driers are even lower than those of tumble driers with energy efficiency class A.   
 
Social approach of EcoTopTen 
The vision of EcoTopTen in the long run is an integrated assessment of environmental, economic, 
qualitative and social aspects. For the latter, this would imply gathering information on social aspects 
during the whole manufacturing process of each EcoTopTen-product – including suppliers. However, 
there is little product specific information available at present, especially not for complex technical 
products like computers, cars or domestic household appliances. Furthermore, this little available 
information could not be evaluated and certified so far. This is especially due to the vast supply 
chains, which often cover more than 1,000 individual parts per product and nearly as much suppliers. 
Textiles and groceries are an exception: For both product groups the possibility for certification 
processes already exists and consumers find labels that certify products being fairly produced or 
traded.  
Regarding groceries for example, in 1992 the non-profit association TransFair first started its 
activities. Its aim is to support disadvantaged producers in Africa, Asia and Latin America and to 
improve their working and living conditions through fair trade. Being an independent initiative, 
TransFair itself does not trade, but concedes its label to products traded fairly and according to 
license agreements. Fair Trade criteria are based on the international standards of the Fair-trade 
Labelling Organizations International (FLO)2. Regarding textiles, the International Association Natural 
Textile Industry (IVN) created two labels “Natural Textile – IVN certified” and “Natural Textile – IVN 
certified best” which both include social criteria, e.g. child labour, working conditions, wages or 
discrimination3. In Switzerland, the Swiss fair trade labelling foundation Max Havelaar recently 
expanded its products to the garment sector and consumers now find cotton and textile products with 
the fair-trade label. Max Havelaar monitors the social standards along the production chain, from the 
crop growing and spinnery to the dyeing factory and the actual making of clothes.   

                                                      
2  Data source: www.transfair.org 
3  Data source: www.naturtextil.com  
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In these two product fields, EcoTopTen gives an overview on local chains providing wholefood and 
fairly traded products. Due to the fact that many consumers do not know where to buy fair traded 
products or rather think they have to visit special stores, EcoTopTen shows that recently more and 
more conventional stores and even some discounters offer fair traded products to some extent.  
Beyond EcoTopTen, the Oeko-Institut currently carries out the project “Measuring Social Aspects in 
the Production of Computers”, also funded by the German Federal Ministry of Education and 
Research. This project is meant to conduct a case study on social aspects during production of 
computers, its components and subcomponents. In recent years, several reports on workers’ rights 
manipulation in the electronic industry and the role of the ICT sector for coltan-mining activities in the 
Democratic Republic of Congo gained considerable media attention. The project’s task is to develop a 
method to systematically analyze the social impacts within the life cycle of ICT products. Two different 
stakeholder workshops are planned in order to evaluate social impacts in the production phase of 
computers, determine a set of indicators for a systematic assessment of social impacts, evaluate the 
opportunities, challenges and obstacles of social life cycle assessments, and in order to derive further 
options for action.  
 
EcoTopTen in comparison to other programmes and initiatives 
 
European Eco-design Directive for Energy using Products (EuP) 
In line with the Integrated Product Policy (which promotes the principle that requirements on the 
environmental performance of products should address all environmental aspects during the complete 
lifecycle of the product), in August 2003 the Commission decided to propose an integrated framework 
for setting “eco-design” requirements for Energy using Products (including energy efficiency 
requirements). By adopting the proposal (Directive 2005/32/EC), the European Parliament and the 
Council have granted the Commission a mandate to regulate the environmental characteristics of 
energy-using products (except vehicles) through adopting implementing measures (daughter 
directives) laying down eco-design requirements for particular Energy using Products.  
Directive 2005/32/EC [5] provides for the setting of eco-design requirements for energy-using 
products (EuP). First step in considering whether and which eco-design requirements should be set 
for a particular product is the elaboration of a preparatory study recommending ways to improve the 
environmental performance of the product. The preparatory studies shall provide the necessary 
information to prepare, in particular, the impact assessment and possible draft implementing 
measures. 
Compared to the suggested procedure of the EuP preparatory studies, EcoTopTen offers a very 
similar approach. Both focus on similar product groups that are relevant with respect to environmental 
impacts respectively optimisation potentials, e.g. refrigerators, freezers, washing machines, tumble-
driers,  televisions, PCs, printers, boilers and lighting. Both take existing legislation and labelling into 
account as well as market trends, consumer expenditure data and consumer behaviour. Both apply 
methods like Life Cycle Analyses and Life Cycle Costs in order to identify and assess the 
improvement potential of energy using products. EcoTopTen as well as EuP include manufacturers’ 
views on the improvement potential of products and best available technologies.  
Nevertheless, there are also some differences between EcoTopTen and EuP: First of all, EuP is a 
political process with a focus on implementing measures for the eco-design of products. EcoTopTen 
on the other hand is an information campaign with a survey of the best products already available on 
the market and a clear focus on consumers. This means that not only the annual total costs but also 
innovation goals for products are identified from the consumers’ point of view. In cooperation with the 
Institute for Socio-Ecological Research (ISOE) own consumer research is carried out for EcoTopTen. 
In different focus groups with respect to a specific product group, consumers are interviewed on use 
patterns, motivations for the purchase of products, purchase criteria including relevance of 
environmental criteria, information sources or the relevance of tests and labels.  
In the following, the consumer research on bicycles is illustrated exemplarily. In opposition to eco-
design requirements, EcoTopTen does not focus on the environmental friendliness of materials. This 
is due to the fact that regarding material flows, bicycles are most of all environmentally friendly when 
they are used instead of a car. Results from consumer research show that people would rather prefer 
to take their car due to bicycles being too often out of order - being particularly valid for the 
functionality of lights, brakes or tyres. Thereupon, EcoTopTen transmitted these restraints into 
innovation goals for bicycle manufacturers [6]. Bicycles that shall be recommended in EcoTopTen 
have to be safe as well as have a low effort for maintenance. Translated into components this means 
that such bicycles should, amongst others, be equipped with dynamo hubs, roller brakes or special 
tyres that protect against flat tyres. Oeko-Institut itself assembled a bicycle according to those criteria 
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and presented it to the consumer research groups. The results, like feedback on design, costs and on 
the different technical components, will flow into further development of minimum criteria for 
EcoTopTen bicycles. This example demonstrates a new and outstanding approach for integration of 
consumers’ views into innovation goals and product requirements.   
 
Japanese Top Runner Standard 
Another well-known programme with similarities to EcoTopTen is the Japanese Top Runner Standard 
[7]. Due to oil crisis in the past, Japan already focused on measures concerning rational use of energy 
at an early stage. Amongst others, Top Runner Standard has come into existence in light of this 
situation. This system uses, as a base value, the value of the product with the highest energy 
consumption efficiency on the market at the time of the standard establishment process and sets 
standard values, also considering potential technological improvements which are added as efficiency 
improvements. In cooperation with industry, the energy consumption efficiency of all products 
currently on the market is measured. Using the resulting data, the most up to date maximum 
efficiency value is determined. Target years are determined giving consideration to the degree of how 
society demands the equipment energy conservation and efficiency as well as to manufacturers' 
product development planning and capacity. Target standard values (Top Runner Standard values) 
are determined by evaluating potential technical development toward target years, as well as adding 
technical development to maximum efficiency values. 
Compared to EcoTopTen, one can once again find some overlapping between relevant product 
groups, e.g. vehicles, refrigerators, freezers, cookers, televisions, computers, printers or lighting. 
Furthermore, both initiatives follow the same approach of identifying the most efficient products on the 
market and setting innovation goals for future products. The major difference between EcoTopTen 
and Top Runner is the implementation of measures. EcoTopTen is primarily a consumer information 
campaign and therefore the criteria and innovation goals are not binding for manufacturers and their 
whole range of products. Top Runner, on the other hand, is prescribed under the Japanese “Law 
Concerning the Rational Use of Energy” and therefore an obligation for manufacturers to make efforts 
in improving the energy efficiency of their products.     
Both initiatives not only address manufacturers but also consumers. For this purpose, Oeko-Institut’s 
researchers regularly publish recommendations on www.ecotopten.de supported by press releases 
that are picked up by many national media. The advantage of Top Runner is that the Japanese 
Energy Conservation Law has established a display system for Top Runner target products so that 
buyers can obtain information concerning, for example, the energy efficiency directly at the time of 
purchase. To promote the popularization of highly efficient products that have achieved Top Runner 
Standard values, a voluntary labelling system was established in addition which can be displayed in 
product catalogues as well as on packaging or the products themselves.  
Finally, the Top Runner System also includes retailers in order to further accelerate the popularization 
of efficient products, because these are places where manufacturers and consumers intersect. Under 
the so called "Energy Efficient Product Retailer Assessment System", individual large-scale home 
electronic retail outlets and stores are recruited to be identified as outlets that actively provide 
information and carry out sales promotions and are identified as "Outlets that Excel at Promoting 
Energy-Efficient Products." Including rankings, the results are publicized through newspapers, 
magazines, bulletins of consumer groups and non-profit organizations as well as brochures of local 
public agencies to raise consumer awareness. A logo is established to provide "Outlets that Excel at 
Promoting Energy-Efficient Products" to be used for this purpose. 
 
Other initiatives 
Besides these two politically approaches, there are some other initiatives and databases promoting 
energy efficient products with a clear focus on consumer information.   
The internet-based database www.spargeraete.de of the German Niedrig-Energie-Institut (NEI) lists 
energy efficient large household appliances in the categories refrigerators and freezers, washing 
machines, tumble driers and dishwashers. Compared to EcoTopTen, these categories only represent 
a small section of environmental relevant product groups. For example, information & communication 
products like computers, monitors and printers or consumer electronic products like televisions are 
missing, as well as mobility or building & housing.  
 
To some extent EcoTopTen criteria are stricter than those of NEI. For example, EcoTopTen only 
recommends refrigerators and freezers with energy efficiency class A whereas NEI also lists A-
classified refrigerators although those products might consume up to 45 percent more energy than 
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A++. For tumble driers, NEI also lists products with energy efficiency class C or D, whereas 
EcoTopTen only recommends A-classified driers.  
The internet-based database www.energiesparende-geraete.de of the Berlin Energieagentur (BE) 
lists energy efficient large household appliances in the categories refrigerators and freezers, washing 
machines, tumble driers and dishwashers, as well as Consumer Electronics (TV, DVD, Video, Audio) 
and office products (computers, monitors, printers, copiers and fax machines). Compared to 
EcoTopTen, again some environmental relevant product groups like mobility or building & housing are 
missing. Minimum criterion of household appliances for admission to the database is to be compliant 
with the criteria of European Ecolabel. Office and consumer electronic products have to be compliant 
with the criteria of the GEEA-Label and in future with the criteria of Energy Star. Again, to some extent 
EcoTopTen criteria are stricter than those of BE. For example, for computer monitors not only energy 
consumption but also ergonomics and low emissions play a role. Therefore, EcoTopTen only 
recommends energy efficient products that are labelled with TCO’03. Furthermore, in the BE 
database consumers find more than 7000 household appliances, 1000 consumer electronics products 
and 1500 office products listed. In contrast, with the market overviews and precise recommendations, 
EcoTopTen puts consumers in a position to take quick decisions in favour of sustainable products. 
Finally, the BE database gives neither information on the annual energy consumption of the listed 
products nor on the purchase price and the running costs.    
The internet-based database www.office-topten.de of the German Energy Agency (dena) only lists 
office products (computers, notebooks, monitors, printers, copiers, scanners, multifunctional devices 
and fax machines). Basis for the choice of recommendable products is the European Energy Star 
database. Contrary to the dena database, which lists CRT and LCD monitors, EcoTopTen only 
recommends flat screen monitors because they consume around 70 per cent less power than CRT 
monitors. As already mentioned above, in EcoTopTen not only energy efficiency plays a role for office 
products. All the monitors recommended in the EcoTopTen are also certified to the current TCO'03 
standard, which guarantees that they meet additional minimum requirements in terms of image 
quality, low emissions and recyclability. 
The initiative of the French Topten International Group www.topten.info is most similar to EcoTopTen. 
The consumer-oriented online search tool presents efficient appliances in various categories like 
office products, lighting, household appliances, mobility, consumer electronics or electricity. The key 
criteria are energy efficiency, impact on the environment, health and quality. Topten was launched in 
2000 in Switzerland, 2004 in France, 2005 in Austria. In 2006, the European IEE-project Euro-Topten 
was started and it is expected, that other countries will build up their own national Topten sites in the 
near future.  
 
EcoTopTen – first evaluation of the consumer information campaign 
 
About one year after the official start of the consumer information campaign in March 2005 there is 
quite well resonance of media, consumers and producers. Numerous online portals, regional and 
national newspapers, magazines, professional journals as well as several radio stations and TV 
regularly pick up the press releases on new EcoTopTen recommendations. Especially we would like 
to point out that there is a large proportion of conventional media, which means not explicitly “green”. 
For example, the market overview on energy-saving cars was published in several automotive 
magazines or the market overview on energy efficient flat screen monitors was picked up of several 
ICT-magazines. The number of visitors and hits of www.ecotopten.de is continuous rising as well as 
the number of subscribers of the electronic newsletter of EcoTopTen. An official evaluation report is 
planned at the end of the consumer information campaign.  
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Figure 2: Screenshot of www.ecotopten.de   
 
Besides media partners, EcoTopTen cooperates with the consumer advice centre in North Rhine-
Westphalia, the largest consumer advice centre in Germany. In more than 50 local information 
centres consumers find the EcoTopTen flyers and can get advice on energy efficient and ecological 
products.  
During the pilot phase of the research project, large and small companies, as well as industry 
associations, were involved directly in product development or refinement, and in the design of the 
EcoTopTen campaign. These included Volkswagen, Deutsche Telekom, Loewe, Deutsche Bahn, 
LichtBlick, and the German federation of personal hygiene and detergent industries IKW. Especially 
the results of the consumer research conducted in EcoTopTen gave those companies some valuable 
hints for their product development. Meanwhile, more and more manufacturers of recommended 
products also use the possibility to refer to EcoTopTen, for example via own press releases, links on 
their websites or articles in their newsletters or employee magazines. 
 
Conclusion 
 
In the previous chapters you find a presentation of the German consumer information campaign 
“EcoTopTen” on sustainable products and exemplarily explanation of the methodological approach, 
as well as a synopsis of essential similarities and differences of EcoTopTen compared to the 
European EuP-Directive, the Japanese Top Runner Standard and other similar initiatives and 
databases promoting energy efficient products. In conclusion, EcoTopTen provides a reasonable 
complement to the two political initiatives.  
With the consumer information campaign EcoTopTen, Oeko-Institut already fulfils the 
recommendation of the EuP-Directive which says: “In order to maximise the environmental benefits 
from improved design it may be necessary to inform consumers about the environmental 
characteristics and performance of energy using products and to advise them about how to use 
products in a manner which is environmentally friendly.”  
Especially, the consistent pointing out of annual total costs in EcoTopTen as well as the integration of 
environmental, economic, social and quality aspects is quite a new approach and should be applied to 
other initiatives for sustainable consumption. The latter mainly establishes the basis for the further 
development of eco-labels towards product sustainability labels. In this context two major restraints 
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have to be resolved: On the one hand, too little independent quality tests on products exist. Most of 
them only represent a small range of products provided on the market and only a selection of models. 
On the other hand, there is not enough information on social performance of products regarding their 
whole life cycle.  
An advantage of the EuP-Directive as well as of the Japanese Top Runner Standard compared to 
EcoTopTen is the binding character for manufacturers. Finally, a great advantage of the Top Runner 
Standard is the inclusion of retailers to further accelerate the popularization of efficient products 
because they have an influence on their assortment of goods presenting efficient or non efficient 
products to consumers. Being one of the important players in life cycle thinking, often unattended in 
former times, this approach should become standard practice also for other initiatives for sustainable 
consumption. 
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Abstract  
Increasing the use of energy efficient household equipment and lighting is the best solution in order to 
reduce power consumption in private households. Therefore, the decision made when buying a new 
TV, fridge or light bulb is of high importance for energy efficiency standards. At the same time, sales 
assistants are the main source of information for consumers when buying new electronic units. This is 
the result of a survey carried out by the German market research institute forsa on behalf of the 
German Energy Agency (dena). Accordingly, if sales assistants stress the importance of energy 
efficiency aspects, people are most likely to consider these suggestions when choosing their 
products.  
The dena information campaign “Initiative EnergieEffizienz – energy efficient use of electricity in 
private households” takes these aspects into account. Consumers are to gain information on energy 
efficiency at the point of sale where domestic appliances and lighting equipment are sold. The co-
operation with retailers is therefore one of the main communication strategies of the campaign. The 
aim is to constitute a large network of retailers nationwide. The campaign offers information and 
advertisement material for the point of sale including brochures for customers and for sales 
assistants. Small and medium sized retailers are personally contacted by so called “regional project 
managers” who provide information on Initiative EnergieEffizienz. Nationwide acting enterprises are 
approached by dena in order to fix special co-operations like “customer days on energy efficiency”. 
 
 
Introduction 
 
The use of energy efficient household devices like white goods, lighting or consumer electronics is 
one of the most sufficient ways to reduce power consumption in private households. In other words, 
the purchase decision taken when buying a new fridge, television or computer is crucial for the power 
consumption of the individual household for the years coming. It is a decision for or against an energy 
saving light bulb, the choice for a more or less energy efficient household device. As many electronic 
appliances last up to ten years, they will contribute to the power consumption of a private household 
for a decade – sometimes even longer. 
An example: The difference in power consumption between an energy efficient fridge (energy 
efficiency class A+) and a less efficient one (class A) is about 40 to 50 kWh/year. Assuming a fridge 
lasts for ten years, the difference makes 400 to 500 kWh [1]. Around 3 million fridges were sold in 
2005 in Germany. If only every second fridge chosen in 2005 had been an A+ and not an A-model, 
this adds up to around 600 GWh less power consumption over a period of 10 years.  
Thus, the task of an information campaign on energy efficiency in private households is to influence 
peoples purchase decision: to convince them to buy electronic equipment and lighting with high 
efficiency standards. This challenge has been accepted by the German Energy Agency (dena) when 
setting up an information campaign aiming at the reduction of power consumption in private 
households. One of the leading tasks when setting up the concept was therefore: How to get the 
information on energy efficiency to the people when purchase decisions are made?  
In the following, the approach of how to address the “buying aspect” within the information campaign 
is laid out and the results of the campaign’s strategy are shown.  
The German nationwide campaign on energy efficiency was set up in 2002 as a co-operation 
between dena and the national associations of power suppliers, supported by the German Federal 
Ministry for Economy and Labour (since 2005: Federal Ministry for Economy and Technology) and the 
German foundation for environment protection. Since 2005 the campaign has been extended in co-
operation with four German energy suppliers (EnBW, E.ON, RWE and Vattenfall Europe). The 
Initiative is still supported by the Federal Ministry for Economy and Technology. Its aim is to give 
contribution to increase the energy efficient use of electricity in private households by raising public 
awareness on energy efficiency and thus reduce carbon dioxide emissions. The campaign appears in 
public as a project of Initative EnergieEffizienz – a co-operation of dena and its partners. The 
campaign addresses the main topics of domestic power consumption: the reduction of energy 
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consumption of consumer electronics and IT-equipment, energy efficient high quality lighting and 
energy efficiency in the white goods sector. 
 
Addressing the “buying aspect” in order to raise energy efficiency standards 
in private households  
 
The message of Initiative EnergieEffizienz related to the “buying aspect” is to think of energy 
efficiency when getting a new e.g. fridge, light bulb or hi-fi. As for the campaign’s part related to 
domestic lighting the message at the point of sale is to convince the consumer to replace – wherever 
sensible and feasible – incandescent lamps by energy efficient fluorescent lamps. Thereby, the 
variety of energy saving lamps is stressed, old-fashioned prejudices against energy saving lamps are 
disproved and the possibilities to use energy saving light bulbs in different rooms and for different 
circumstances are communicated. 
As for the white goods sector the campaign aims at convincing the consumer to buy equipment 
qualifying for the energy efficiency class “A”. Furthermore the consumer is encouraged to include the 
remaining data displayed on the EU energy label specifying the consumption of energy and other 
resources in the purchase decision. Since 2004 the message for cooling equipment is extended and 
the advice is given to buy devices labeled with “A++” or “A+”. Additionally, the message is enhanced 
by the argument that a class “A” device is cheaper in the long run even though it might be more 
expensive than a class “B” or “C” device since lower energy costs balance the higher initial investment 
or result in a benefit. However, as inefficient devices like fridges or washing machines are often sold 
by very low prices, this argument can mainly be used for electronic dryers these days. 
It is most difficult to advice people on energy efficiency in the IT sector or for consumer electronics. As 
there is no common or at least no well known labeling it is difficult to give a clear message to the 
consumer. Nevertheless, the consumer is still encouraged to e.g. recognize low stand by power 
consumption and a genuine “off” switch as an important criterion when purchasing consumer 
electronics and IT equipment. 
 
The importance of getting information at the point of sale  
 
When people are asked where they seek information when planning to buy a new TV, fridge or 
washing machine over 70% of them quote that they count on information and advice given by 
professional sales assistants. Advertisement or articles in newspapers and magazines are mentioned 
by around 60% of the people asked whereas special interest magazines and brochures are chosen as 
source of information by around 50%. Regarding information on personal computers, people tend to 
rely on advice of friends and acquaintances (69%) but even there, 60% seek information at the point 
of sale when planning to buy a new pc. Special interest magazines and information found in the 
internet are mentioned by just over 50% of the people questioned.  
These figures are the result of a survey carried out by the German market research institute forsa on 
behalf of dena [2]. They show that the information and advice given at the point of sale are of high 
importance for consumers when buying new electronic units. Thus, when sales assistants point out 
the importance of the energy efficiency aspect of e.g. a fridge, people are most likely to take this 
advice into consideration. What is even more: when people get information at the point of sale, it will 
be exactly at this moment in time, when people are about to buy a new household appliance.  
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Table 1: Source of information when people plan to buy new electronic devices buying,  

46

33

27

29

56

51

19

29

46

36

21

45

35

24

20

25

75

62

58

51

60

62

69

45

73

60

56

72

60

49

55

48

Sources of information when planning the purchase
of electronic devices

Prompted question. Multiple answers possible. Results in percent. 

Expert advice by 
sales assistant

Supplements, 
advertisements or reports

in newspapers or 
magazines

Friends or 
acquaintances

Brochures

Special interest 
magazines incl. 

journals with 
product test 

results

Internet

Window displays

TV or radio

TV PC Refrigerator Washing machine

 
 
The survey carried out by forsa also shows that independently owned electronic stores (48-60%) and 
electronic superstores (41-51%) are the most important purchasers when it comes to white goods and 
consumer electronics. Only for lighting, people tend to go to do-it-yourself shops (around 50%). At the 
same time, buying via internet (5% and beyond) or via mail order (6-15%) is not of great importance 
compared to the traditional shops and chain stores [3]. These figures point to the fact that not only the 
main electronic superstores have to be taken into account but also electronic small businesses in 
order to address people’s consumer habits.  
 
Table 2: Most favourite purchaser for white goods, consumer electronics and lighting  

Consumers‘ shopping preferences

Prompted question. Multiple answers possible. Results in percent. 

Specialised electric 
and electronic dealers

Electric and 
electronic retail 

chains

Discount markets

Department stores

Mail order

Internet

Kitchen specialists

Furniture stores

Building centres/ 
Do-it-yourself-stores

Supermarkets

2
6
4
5

TV PC Refrigerator Washing machine Compact fluorescent lamps

52

9

5

7

13

7

52

51

48

41

8

58

43

11

60

42

9

15

18

10

9

6

13

8
5

20
6

15

18
5 4

 
 
Establishing a network of retailers  
 
The task for an information campaign that aims at reducing electricity consumption in private 
households is therefore to get the information at the point of sale and to win retailers and sales 
assistants to distribute this information to their customers. Thus, the main strategy of the campaign by 
Initiative EnergieEffizienz has been to co-operate with retailers of domestic appliances and lighting 
equipment. Taking part in the campaign allows the retailers to offer a special service to their 
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customers including information brochures for free and of high quality. Besides, high-class white 
goods often have a high standard of energy efficiency, energy efficient fluorescent lamps are more 
expensive than incandescent lamps, and consequently retailers might even have a monetary 
advantage. 
The campaign offers information and advertisement material for the point of sale including brochures 
for customers and for sales assistants as well as displays and stickers for shop windows stating “we 
take part in Initiative EnergieEffizienz”. The information given does not only focus on the aspect of 
buying energy efficient appliances and lighting. Also, the aspect of how to use it energy efficiently is 
stressed. Thus, the brochures can be used as a support during the sales talk but also as an “add on” 
to the consumers after purchasing. 
Different packages of information material are available focusing on one specific topic: stand-by, 
lighting or white goods. Retailers get the information pack in relation to the range of products they 
offer. Once a retailer has ordered an information pack, he is registered and becomes partner of the 
campaign. Throughout the year, he will get special offers on information material like door tags on 
stand-by or small discs showing the advantages of energy saving light bulbs in a playful way (see fig. 
1-3). 
Initiative EnergieEffizienz also offers training for sales assistants. For example, in-house training has 
been organised previous to open days on energy efficiency at the point of sale. Also, lectures on 
energy efficiency were held on the occasion of information meetings for retailers and electricians.  
 

 

 

Fig. 1:  
Information brochure for 
customers 
 

Fig. 2:  
Information and advertisement material 
of Initiative EnergieEffizienz placed in a 
shop window 

 
In order to build up a broad network nationwide, different strategies have been carried out. In the 
beginning dena was looking for the support of the national associations of retailers. dena has also 
approached headquarters of national wide operating electronic superstores, department stores and 
do-it-yourself businesses. The business structures of some enterprises are still centralized so that a 
co-operation involving different chains all over Germany has to be organized in a top-down approach. 
Other enterprises work with a franchise system. Still, the single chain often ask for the approval of its 
headquarter before committing itself to co-operation. 
On the other hand, a so called regional project management has been set up by the Initiative 
EnergieEffizienz. Regional energy agencies have got contracts to work for dena and have been 
responsible for establishing the campaign on a local level. They contact retailers personally and 
encourage them to take part in the campaign. Thereby, they focus on independently owned stores for 
household equipment. They also address individual chain stores after initial consultation of the 
headquarter by dena. The regional campaign managers are also available for retailers´ demands and 
enquiries. They offer training for sales assistants and point out the advantages to promote energy 
efficiency.  
By January 2006 approximately 7.000 points of sale all over Germany take part in the campaign and 
have been equipped with the campaign’s information material. The majority of them are small and 
medium sized, independently owned electronic stores but also department stores or electronic 
superstores are included.  
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In particular electricians who additionally provide store for household equipment have been very 
active in supporting Initiative EnergieEffizienz. This is also true for their associations. For example, in 
autumn 2003, dena and the national association of electricians arrange a co-operation for customer 
days on energy efficiency. As a result, around 200 electricians ordered the information packs by 
Initiative EnergieEffizienz and several events (open days, road shows, lecture etc.) have been 
organised by the regional project manager in co-operation with local electricians.  
For setting up the network, the work of the regional project managers has been of high importance. It 
has become obvious, that personal contact via telephone is the most efficient way to make contact 
and to show retailers the advantages of the campaign. The first contact by telephone has often been 
followed up by visits at the point of sale. Although this proceeding is very time consuming, it helps 
getting people involved and committed.  
As for the acquisition of nationwide acting retailers stores, this has been very difficult in the beginning 
because these enterprises generally focus on buzz words like “good bargain” and even ”stinginess is 
great”. Besides, these enterprises have a very strong corporate design and hardly adopt material in 
different designs, except from advertisement for products. However, in 2004 one of the biggest 
enterprises of electronic superstores in Germany approached dena. Special forms of co-operation 
have been discussed. As a result promotion activities in 30 chains were implemented and more 
activities are planed. Furthermore dena arranged several action weeks on the topic of energy efficient 
lighting together with several IKEA stores in Germany. 
 
Retailer’s involvement  
 
The commitment of retailers to the energy efficiency subject and their involvement in Initiative 
EnergieEffizienz is shown by high demand of new developed material on energy efficiency and 
regular contact to dena or one of the regional project managers. When dena distributed a written 
questionnaire, asking retailers about their opinion on how to promote the aspect of energy efficiency 
at the point of sale and about their needs for information brochures etc., around 6% of the partners 
filled in the questionnaire. This is a considering high percentage if one bears in mind that the 
questionnaire was contributed by mailing and no following up telephone call or reminder mailing was 
made. 
Until now, over 5 million booklets for private consumers have been distributed to the network. The 
satisfaction of retailers concerning the information material of Initiative EnergieEffizienz is proven in 
interviews that were frequently carried out by the German market research institute forsa in order to 
evaluate the campaign’s strategy. 200 retailers taking part in the campaign were questioned [4]. 
Although this number of test persons rarely leads to representative data, still some tendencies and 
conclusions can be drawn.  
Over 50% of the retailers quote that they received new information when reading the brochures of 
Initiative EnergieEffizienz, including the brochures specially made for sales assistants. Accordingly, 
every third points out that the information material is beneficial for the business and helpful for 
customer relations. Most items of the Initiative EnergieEffizienz got high marks. In particular the 
information brochures for consumers were regarded very helpful but also the brochures for sales 
assistants and some of the more playful information materials. 
Altogether, 80% of the retailers questioned qualify the Initiative EnergieEffizienz “informative”. Nearly 
50% agree that the campaign “gains the attention of their customers”. 20% consider that taking part in 
the campaign leads to an increase of customers in their shop and 12% even state that it enhances 
their turnover. 
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Table 3: Retailer’s assessment on Initiative EnergieEffizienz 

Retailers‘ assessment on the campaign

80

53

47

12

10

The campaign by the „Initiative EnergieEffizienz“...

…is informative.

…is attractive.

…helps getting more customers.

…sparks interest in the customer.

…increases the turnover.

I agree (completely)

Results in percent. 

 
The survey of forsa was carried out four times between May 2003 and December 2004 in order to 
evaluate the impact on the campaign. Thereby, several questions were asked in order to measure the 
knowledge of the retailers related to energy efficiency aspects. Some significant changes over time 
can be shown.  
There has been a statistical significant approval concerning the knowledge of the retailers taking part 
in the campaign in regard to energy efficiency: Whereas in May 2003 only 44% had known, that there 
are significant differences in energy consumption of household devices labeled with energy efficiency 
class A, in December 2004 already 63% knew of this aspect. Also, the rating of power consumption 
caused by stand-by mode has changed significantly: In 2003 only 67% of the retailers classified 
stand-by power consumption as an important or very important aspect regarding electricity 
consumption in private households. End of 2004, already 87% of the retailers realized the importance 
of this aspect. There has also been a significant increase in retailer’s appraisal of the EU energy label. 
In May 2003 63% of the people questioned had attributed high importance to the label, in December 
2004 already 73% classified it as “very important”. 
These figures show that at least for some aspects of energy efficiency the awareness of retailers has 
risen and their knowledge has increased. Both tendencies are of high importance for the aim of the 
campaign to get information to the consumers by information submitted at the point of sale.   
 
Table 4: Retailers statement related to the importance of stand-by 

Appraisal of power costs in private households

White goods

Lighting

Stand-by

0

10

20

30

40
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100

1. Census 2. Census 3. Census 4. Census

Results in percent. 

… has/have a good share in a household’s power costs.
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Table 5: Retailers knowledge about differences within energy efficiency class A 

Devices labelled with an “A” differ…

I don‘t know

…clearly. … only slightly.

4. Census

3. Census

2. Census

63

62

44

37

37

55

Prompted question among those who know energy efficiency classes A  to G. Results in percent. 

Differences within energy efficiency class “A”

 
 
Conclusion 
 
In order to address people’s purchase decision when it comes to white goods, lighting, IT and 
consumer electronics and thereby enhance energy efficiency in private households, the information 
campaign of dena has built on establishing a network of retailers as important multipliers to get the 
idea of energy efficiency to private consumers. After three and a half years of running this campaign, 
it can be said, that this strategy has been very successful. 
When starting the campaign in 2002, the aim was to win approx. 6.000 point of sales until end of 
2004. This number was exceeded by around 1.000. At the same time, responses of the retailers 
taking part in the campaign have shown that at least many of them support the energy efficiency idea 
actively and that they are involved in the activities of Initiative EnergieEffizienz. The feedback of 
retailers to dena and to regional project managers is generally very positive. The campaign as well as 
its information material get high marks. Still, it remains an important task to encourage retailers to 
continue their involvement. Therefore, the aspect of “deepening” the contact to retailers is one of the 
most challenges for the campaign currently.  
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  Representative opinion polls have been carried out in half year intervals. The main 
characteristics of the analysis´ design are: for each of three main topics (stand-by, white goods 
and lighting) one thousand telephone interviews (duration: approximately 20 minutes each) 
have been carried out. As for the topics lighting and white goods only people being responsible 
for buying devices or light bulbs were questioned.  The analysis is completed by opinion polls of 
200 retailers taking part in the campaign. Thereby, some of them cover only one or two of the 
tree topics mentioned above.   
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Abstract  
A buyer may ask how to compare and select products but can rarely invest time in compiling 
information from disparate sources. Topten is a consumer-oriented online search tool which presents 
the most efficient appliances in various categories of products (household appliances, office 
equipment, consumer electronics, lighting and cars…). The product-lists inform primarily on important 
facts as key specifications, price and show pictures of products. 
Topten aims at encouraging consumers to ask for and choose energy efficient products (consumer 
awareness), but also at getting retailers and large buyers involved, and at creating multinational 
pressure to orient manufacturers toward more energy efficiency across their range of products. 
Topten relies on standard information from producers, tests and analysis of independent institutions 
and labels. Energy efficiency is the key criteria. The homepage is focused on the needs of the end-
users and multipliers (large buyers and the media). 
Initially Topten was launched in Switzerland in 2000. More than 900’000 visitors have made inquiries 
in 2005 about the best appliances. In addition Topten gets high attention in the press.  
In 2006 Euro-Topten [1] was launched in the framework of the "Intelligent Energy – Europe" 
programme (IEE). Its goal is to create nine additional Topten websites. Being a large European 
consortium, supported by the European Commission, Topten should have enough weight to establish 
a constructive dialogue with multinational industry and hopefully serve as a basis for new instruments 
and initiatives promoting efficient products. There are also first contacts with China and other eastern 
countries as their fast growing markets have an increasing economic and environmental impact. The 
Topten International Group (TIG) [2] oversees the quality of the Topten concept in the various national 
implementations. 
 
Background and history 
 
Topten Website 
A major barrier to broad dissemination of more energy efficient and environmentally friendly 
equipment, products and services is that consumers do not have quick and easy access to ready 
made qualified, independent and up-to-date product information. The purpose of Topten is to provide 
consumers and energy professionals with credible, up-to-date information on the most efficient 
products available on their local markets. The selection is much narrower than typical labelling 
systems, making it easier for consumers to choose from among the thousands of products available. 
 

  
Basic position and problem of 
consumers: too complex range 
of products 
 
The Topten website displays this information: in a simple click, short lists of best products are 
available, showing pictures and all the functional specifications of interest for the buyers. Topten also 
shows the financial interest of choosing the most energy efficient equipment by comparing purchase 
price and usage price over the life time of the product and by comparing best products with other 
products available on the market. 
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The various Topten projects 
Topten was launched in 2000 in Switzerland by the Swiss Agency for Efficient Energy Use (S.A.F.E.) 
[3] to overcome the barrier for consumers to find the most energy efficient and environmentally 
friendly equipment, products and services available on the market. www.topten.ch attracts more than 
900’000 visitors with 27 million hits per year. Important impact results also from a high attention from 
the media (13 million media contacts), the participation of 20 partner organisations and multipliers 
such as large buyers, producers, consumer- and environmental associations as well as electric 
utilities. Today, Topten Switzerland presents 120 lists of products, in 40 categories and 8 fields: 
domestic appliances (12 categories), office equipment (6), consumer electronics (3), building techno-
logy (6), lighting (3), mobility (6), green electricity (2) and leisure (2). 
 

 
View of www.topten.ch showing comparative table for a category of dish washers  

 
In 2004 Topten France was launched by the environmental organisation WWF France, the consumer 
organisation CLCV and technical expert Sowatt with support from the Agence de l’environnement et 
de la maîtrise de l’énergie (ADEME) and Topten Switzerland. Presently, Topten France is online with 
cold appliances and cars at www.wwf.fr/topten. Topten France succeeded to get more than 140 
references in media (major TV, newspapers, magazines, radio) and good response from manu-
facturers, increasing proposals for partnerships; communication tools are going to be developed.  
 
In 2005 the Austrian Energy Agency launched www.topprodukte.at. Important partners are the 
Lebensministerium, WWF Austria, the province of Lower Austria and some web-companies. There is 
an interesting cooperation with retailers (Cosmos) and also a high media response. Topprodukte.at is 
online with more than 1200 products in over 40 categories in the fields of domestic appliances, office 
equipment, lighting and cars. For 2006 it targets to attract at least 150’000 visitors. 
 
In 2006 dena, the German Energy Agency went online with www.office-topten.de where the most 
energy efficient PCs, notebooks, monitors, printers, copiers, scanner and multifunction-devices are 
presented.  
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View of www.wwf.fr/topten showing comparative table for a category of cars  
 
In 2006 Euro-Topten was launched in the framework of the "Intelligent Energy – Europe" programme 
(IEE). The project aims, at European level, at encouraging consumers to ask for and choose energy 
efficient products (consumer awareness), but also at getting retailers and large buyers involved, and 
at creating multinational pressure to orient manufacturers toward more energy efficiency across their 
range of products. The project short term goal is to establish nine Topten websites efficiently 
networked in order to share experience and reach a critical mass able to help shift the market towards 
higher energy efficiency. It will complement existing schemes promoting energy efficient devices and 
hopefully serve as a basis for further instruments and initiatives. Euro-Topten also aims at monitoring 
market evolution of targeted appliances. 
 
In 2006, the Topten International Group (TIG) was founded to launch, support and coordinate national 
Topten projects. A Topten charter is under development and will define key principles that 
implementing partners will respect in order to insure quality. Each of the national Topten has its own 
web site, which can be accessed through the common portal www.topten.info.  
 

 
The website of the Topten International 
Group (TIG)  
 
The Topten concept 
 
The graph below illustrates that Topten is a concept that goes far beyond presenting information on a 
website. The various activities reinforce each other with the ultimate goal to encourage and accelerate 
the design, marketing and buying of high efficient appliances and equipment within a reasonable time-
frame. 
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Teams willing to create a national Topten system undertake the following major tasks. They: 
• Establish a national Topten organisation (managing the project, the various content editors, 

the information towards consumers, the relations with testing laboratories, partners, etc.). 
• Establish cooperation with the Topten International Group. 
• Undertake market research on energy using products to determine which product categories 

should be targeted given the national market characteristics. The most comprehensive 
Topten system has currently online 8 major product fields: domestic appliances, consumer 
electronics, office equipment, lighting, building technology, mobility (incl. cars, bicycles), 
leisure (incl. restaurants, vacation destinations) and green electricity. 

• Define benchmark criteria for top energy efficiency for each product category in cooperation 
with national standard and labelling organisations. The selection is different for each product 
category and is based on widely-accepted industry testing procedures, if available, or on a 
testing procedure defined by Topten. In the case of products bearing labels based on well-
defined procedures (e.g., EU Energy Label, TCO (Sweden) [4], Blauer Engel (Germany) [5], 
for example), Topten relies on the label information and on independent third-party testing. 

• Work in cooperation with manufacturers in order to obtain as accurate product data as 
possible.  

• Create, operate and update data for Topten product lists. The primary technical task in 
establishing a national Topten system is to create an effective database for a national market. 
All information is adapted to local needs and market conditions. The data includes information 
for the most energy efficient and environmentally friendly products in each category. It 
includes product energy data, photo, sales price and all functional specifications of interest for 
consumers. It also includes a "second price" which shows the energy cost over the life time of 
the product, to underline the relative importance for the buying decision.  

• Provide for each product category the selection methodology in details – it is crucial that the 
Topten selection of product is transparent and neutral. 

• Provide for each product category recommendations for consumers regarding optimal use of 
the product. 

• Focus the website on user friendliness in particular for first-time visitors who are more likely to 
be "average" consumers looking for products than "green" consumers looking for 
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environmental information. The website also contains more technical information for 
professional users, procurement officers and media partners. 

• Monitor and evaluate segment and intensity of use of website, to guide future Topten 
development.  

• Publicise Topten via print material in newspapers, journals and dedicated leaflets to attract 
first users. Consumer organisations, environmental organisations and the media are key 
partners to raise awareness among potential users of Topten. 

• Exchange data with Euro-Topten partners to stimulate market availability of best products. 
• Initiate dialog with responsible government officials and private sector procurement officers on 

use of Topten for procurement. 
 
Topten as selection criteria for large buyers and as tool for public procurement 
 
In addition to targeting the general public via the website, Topten is used for public procurement 
purposes. Since 2003, the city of Zurich officially favours Topten appliances: 41% of their newly 
bought appliances were chosen on the Topten lists and 98% of them were at least A class thanks to 
the information provided by the Topten team. Zurich is the largest Swiss city with 360'000 inhabitants 
and 340'000 working places. In 2004 Zurich published a Topten guideline for professional purchasing 
of domestic appliances [6]. 
 
In 2006, the Topten guideline “Professional Purchasing of Office Equipment” [7] was published. It 
shows how large buyers can profit from Topten when looking for energy efficient products. This 
documentation was supported by the federal offices for energy and the environment, the Swiss 
association of municipalities, associations for ecological purchasing, WWF Switzerland, and ewz 
(Zurich Municipal Electric Utility). Thanks to this large partnership, a high impact from purchase of 
more energy efficient equipment is expected. The guideline suggests to copy Topten selection criteria 
and include them in the specifications for calls for tender (as done by the city of Zurich for a call for 
tender for copiers in 2005) or simply to choose equipment from the Topten lists.  
 

  
Topten-guidelines for large buyers of office equipment and domestic appliances 
 
New range design for retailers 
 
In spring 2003 Migros, a large Swiss retailer, revised and redesigned its whole range of refrigerators 
and freezers on the basis of Topten. Appliances with efficiency class C were removed from the range 
while those with efficiency class A were highlighted. As the foremost retail trading enterprise in 
Switzerland, Migros added appliances with efficiency class A+ to its range and was very active to 
promote these efficient refrigerators on the market. The following chart shows the development of 
efficiency classes for Miostar-refrigerators (Migros own brand). In 2005, over 40 % of refrigerators 
sold are of class A+. The efficiency of refrigerators sold in Migros stores has greatly increased in the 
last five years.   
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Energy efficiency of cold-appliances 
sold by Migros
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Promotion of more efficient cold appliances by the Swiss retailer Migros 
 
Public campaigns 
 
Topten is also used as a basis for various energy efficiency policies. For example, ewz, the Zurich 
Municipal Electric Utility, has organised a rebate programme for energy efficient cold appliances 
based on the Topten list; an internet link is available from the Topten website, and events to 
announce the campaign have been organised in common. The budget for rebates, consulting, 
information and press releases amounts to 1 million Swiss francs (650’000 Euros) and has been 
running since July 2003 until June 2006. With this, ewz supports their customers. The rebate amounts 
to 200 Swiss francs (130 Euros) when an A++ and 100 Swiss francs (65 Euros) when an A+ cold 
appliance is purchased. The direct impact of the ewz-campaign will be the support of about 6’000 A+ 
and A++ cold appliances – i.e. about 12 million kWh saved. 
 

 
Rebate programme from electric utility: Advertisement for Topten-cold-appliances 
End of 2005 ewz has launched another rebate programme for heat pump tumble driers of energy 
efficiency class A in close partnership with Topten. The rebate for these Topten-tumble driers is 400 € 
for laundries and 200 € for home driers. With a budget of 160’000 € ewz estimates to save 5 million 
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kWh in the city of Zurich. However, the impact will be much larger as the dissemination activities of 
the programme will influence the whole Swiss market and the range of products of Swiss and even 
European manufacturers will be improved.  
 
Conclusions: Topten from a policy point of view 
 
What is the impact, what are the main advantages of Topten, from a policy point of view? After six 
years of operation, the pioneer Topten systems in Europe have demonstrated their ability to: 
• Increase market transparency and lower barriers for consumers to purchase the most energy 

efficient equipment, products and services. Topten reaches directly consumers: the number of 
visitors has been constantly growing. 

• Act as a resource centre for many articles in newspapers, consumer and environmental 
magazines. 

• Act flexible: compared to a label, there are no additional information stickers on the product 
itself; the criteria are easy to revise and strengthen according to the markets progress. 

• Stimulate competition: as detailed data is published, manufacturers can compete to be "at the 
top" of the Topten lists (no threshold effect). As the website is very often updated, the competition 
on the energy efficiency criteria is continuous. It creates a market pull effect, beyond existing 
minimum performance standards or recommended labels. 

• Provide specifications for public/private procurement programmes to increase market 
demand for the most energy efficient products. 

• Support ambitious government or European standards by providing real-time data on the 
efficiency level of the best products currently available on each national market, thus giving 
policy-makers confidence to propose ambitious levels for new/updated standards.  

 
The success of Topten can be measured by the number of visits and hits: Topten Switzerland 
(www.topten.ch) – which serves the Swiss market with a population of 7 million inhabitants – attracted 
nearly 1 million visitors and 27 million hits in the year 2005. Initial feedback suggests that this high 
usage rate clearly exceeds the one associated with other efficient product databases because the 
system 1) is widely advertised in partnership with the government, consumer organisations, NGOs 
and independent media and 2) was designed with the end-user in mind and is therefore attractive and 
simple to use, comprehensive (in terms of product range), very up-to-date (to ensure that consumers 
will find the listed products in retail outlets when they shop), and credible. The independence from 
manufacturers and retailers, as well as the quality and up-to-date product information are the 
distinguishing features of Topten. 
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Abstract 
Manufacturers have developed a new generation of household appliances, which perform their 
functions more effectively and use fewer resources like energy and water. The next step is to inform 
and educate students and their families how using appliances more efficiently can help to reduce 
greenhouse gas emissions and prevent climate change. 
The TREAM partners have developed the following multi-lingual resources in 9 languages 
(www.eais.info) as an enlarged European appliance database accessible via Internet, with new 
product groups that have been energy labelled recently, a home appliance energy survey which is 
downloadable from the TREAM website, modules which explain the origins and impacts of global 
warming, product; labelling and energy saving in the home through using appliances more efficiently 
and a set of 45 activities together with resource material suitable for use in primary and secondary 
schools throughout the EU. 
 
 
1. Introduction 
 
Appliance usage is increasing within the EU 25 Member States as living standards rise and 
manufacturers produce more household appliances. EU citizens now spend some 15 billion euros per 
year on buying appliances and 8 billion euros on operating them. The electricity consumed by 
appliances amounts to more than 100 TWh per year which results in more than 50 million tonnes of 
carbon dioxide emissions to the atmosphere. The only way that this increased energy consumption 
can be contained is if the energy consumption per appliance can be decreased and appliances used 
more efficiently. 
The potential for saving energy and resources, reducing pollution and preventing climate change is 
therefore very large. Energy resources will have to be used in a more sustainable way to reduce 
resource depletion and environmental pollution, which can lead to global warming and climate 
change. The first step in realising this potential is information and education. Suitable resources have 
therefore been developed by the TREAM partners to use in educating both students and their 
families. The emphasis has been on saving energy by the more efficient use of existing household 
appliances and the purchase of more energy efficient models when these appliances have to be 
replaced. 
The EU has introduced two labels that can be used for appliances – the energy label and the 
ecolabel. The energy label is mandatory and displays information that can be used to compare the 
performance and efficiency of various models: it also enables the annual average operating cost to be 
calculated for each model. 
 
2. The EAIS application 
 
2.1 Short presentation of the EAIS application 
 
EAIS is a web-based application, part-funded by the EU SAVE Programmes 99/043 and 02/055, 
implemented with the goal of enabling European citizens to access, via the Internet, energy and 
performance information for 12 household appliances sold in 9 European countries. The realisation of 
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the EAIS application represents a major step in transforming the market for energy efficient household 
appliances, which was initiated when EU approved the energy framework-labelling directive in 1992. 
The system is based on information contained within the Energy Label and its associated Fiche. 
 
The main goals of EAIS system are: 
• To link energy use with the environmental pollution 
• To inform and educate citizens, energy advisers and students about the potential for saving 

energy in the home with appliances 
• To assist consumers to purchase appliances which will save energy, money and environment 
• To assist retailers in complying with existing EU legislation concerning energy labelling 
• To assist manufacturers in informing the public of the wide range of energy efficient 

appliances available 
• To assist the EU meet its commitments under the Kyoto convention on greenhouse gas 

emissions 
 
The multi-lingual aspect of the site has been retained and the information is available in the following 
languages to support the TREAM resources: English, French, Italian, German (Austria), Romanian, 
Catalan (Spain), Polish, Czech, Portuguese. 
 
2.2 EAIS architecture 
 
The three-layered architecture was chosen. The presentation layer assumes that the user only needs 
a web browser to access all applications provided within the system. The second layer encompasses 
the server layer – both www servers preparing documents for the presentation layer and server 
realising authentication, authorisation and ensuring integration with data layer. The data layer is a 
repository of all kinds of data gathered by the EAIS system. The database is included in the third 
layer. 
EAIS is designed to perform the data supply and application layer onto the server side in the backend. 
Only the presentation is left over to the client computer. The clients will use a traditional web browser 
requesting the dynamic ASP pages over the server. 
The server is a standard Compaq PC (800 MHz, 20Gb, 512 Mb). The software used is Windows 2000 
as operating system and SQL Server 2000 as DBMS to develop the EAIS database [1; 2]. The 
interface was developed in Macromedia Dreamweaver, Java script and ASP (Active Server Pages). 
The EAIS architecture contains a firewall (who processes every network request for server, ensuring 
the system with a higher security level and also protecting the database). The EAIS web server 
Internet interface consists of a dual-homed firewall, which is a PC computer running Slackware Linux 
8.0 with updates. It is an Intel Pentium 120Mhz with 32Mb RAM and 1Gb HDD. It has 2 network 
cards: one connected to the Internet side (ICI network), one connected to the internal network side 
(EAIS WWW server).  
The EAIS database content is the following: 
• All white goods appliances currently stocked by the manufacturers or by the retailers in each 

country which are or will be energy labelled by EU. 
• All energy efficient models (A-C) manufactured by the suppliers of each country. 
• Consumer electronics and office equipment. 
• Appliance groups which have recently been labelled such as ovens, lamps and room air 

conditioners. 
Each appliance type and model has a set of information extracted from the EU energy label and 
information fiche, which provides information which enables one to characterise a particular appliance 
model and to compare with other model.  
 
The following information is generally supplied: 
• Energy efficiency rating on an A to G scale with A being the most efficient and G the least 

efficient: for cold appliances two more ratings have been added above the A rating, A+ and 
A++ which is the most efficient energy rating. 

• Energy consumption per year (or cycle). 
• Water consumption per cycle. 
• Volume or capacity. 
• Other performance criteria like washing or drying capability. 
• Noise emissions (voluntary). 
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The information fiche contains the information on the label as well as additional information on the 
performance of the appliance generally for different usage cycles and must be shown to you at point 
of sale. The EU ecolabel is an environmental label which considers the environmental impact of a 
product's manufacture, usage and recycling. Unlike the EU energy label it is a voluntary label and so if 
it is not present one cannot be certain whether the manufacturer has applied to attach the label or not. 
The energy star and GEA labels are used in home office equipment and consumer electronics 
respectively and set a maximum value for energy consumption when the appliance is not in use or in 
stand-by mode. 
The European appliance information system now provides a wide variety of information which can be 
used to identify where energy can be saved in the home.  It also provides practical suggestions as to 
how energy can be saved by better use of existing appliances or when purchasing a new appliance 
having a lower environmental impact than that being replaced.  
The comprehensive nature of the upgraded website is illustrated in Figure 1 It now serves the dual 
functions of informing and educating persons how the energy consumed in the home can be used 
more efficiently. 
 
2.3 Main EAIS database functions 
 
2.3.1 Selecting energy efficient appliances 
The EU label and fiche allows one to select a model in terms of its characteristics such as size or 
volume, performance, energy and water usage. This information is stored in a database which can be 
consulted once you have defined your specific needs. 
The search mechanism in the database is perhaps the most useful service [3].  Searching can use 
one or more of the following criteria (Figure 2): 
1. Appliance selection criteria in terms of: Type, Size, Performance and Price Range. These 

parameters narrow the resulting set of appliances. Some useful hints help the user and assist 
selection. 

2. Manufacturer: useful when searching for the whole group of an appliance of one 
manufacturer. 

3. Product name: used when searching for a specific appliance. 
 
2.3.2 Database outputs 
 
Based on the searching parameters, the search mechanism generates a list of matching appliances 
along with all the national data set that is stored in the EAIS database. When searching, a page is 
displayed containing useful environmental information. The consumer is informed that buying energy 
efficient appliances not only saves energy and money, but will also helps to reduce environmental 
pollution. 
The search output is listed in tabular form containing groups of 5 products plus the typical 10 years 
old models. For each appliance the following general information is provided: 
 
• Manufacturer/Model. 
• Size. 
• Energy Efficiency Class. 
• Energy Consumption and some specific information characterising a group of appliances. 
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Figure 1: Website structure 
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Select criteria to identify the appliance that 
most suits your needs… 
Model type: 

built-in
 

 
Usable Volume [Litres]: 

40-70
 

EU average is 60 litres 
 
Height [mm]: 

500-700
 

EU average is 850 mm 
 
Width [mm]: 

500-600
 

EU average is 600 mm 
 
Energy efficiency class: 

Any
 

'A' is the most efficient class of oven 
 
Price range [€]:  

Any
 

*<€ 300  
**€ 300-600  
***>€ 600  
 
 

Select criteria to identify the appliance that most 
suits your needs… 
Model type 

split
 

 
Mode: 

Any
 

  
Width [mm]: 

700-900
 

EU average is 700 mm 
 
Height [mm]: 

< 500
 

EU average is 500 mm 
 
Cooling efficiency class: 

Any
 

'A' is the most efficient class of cooling 
 
Heating efficiency class: 

Any
 

'A' is the most efficient class of heating 
 
Price range:  

Any
 

*<€ 500  
**€ 500-1000  
*** >€ 1000  

Select criteria to identify the appliance that most suits 
your needs… 
Length [mm]: 

> 140
 

EU average is 120 mm 
 
Power [W]: 

11-14
 

EU average is 16 watt 
 
Average life time [h]: 

Any
 

EU average is 6000 hours for compact fluorescent lamps 
 
Energy efficiency class: 

A
 

EU average is A for compact fluorescent lamps 
 
Shape: 

elongated
 

 
Price range [€]:  

Any
 

*<€ 2 
**€ 2-10 
***>€ 10  
 

Figure 2: Selection criteria three appliance groups
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2.3.3 Lifetime operating cost 
 
The lifetime cost is calculated based on usage of electricity, water and detergent (where applicable) 
and compared with the operating cost of a typical 10 year old appliance. This indicates how much 
energy and money you can save with a new appliance and what contribution this will reduce 
greenhouse gas emissions. This module is perhaps the most important of the system because it 
offers information about the energy efficiency of the appliance based on a 15 years lifetime. 
The lifetime operating cost consists of the amount of electricity, water and detergent used over the 
lifetime of the appliance (Figure 3).  
 

 
Figure 3: Lifetime cost calculation 
 
Energy efficient appliances have a lower running cost because they consume less electricity, water 
and detergent. The cost calculator determines the lifetime cost and the savings when comparing an 
older model with any model selected from the appliance database. 
The user can see both lifetime savings financial and lifetime savings CO2. Energy efficient appliances 
have a lower running cost because they have been designed to use electricity, water and detergent 
more effectively [4, 5, and 6]. This lower running cost can offset part or all of the higher initial cost. 
The comparison is made not only between the 5 products presented on the screen, but also with a 
typical 10 years old model. 
The user can then obtain detailed information about a specific model (Figure 4). 
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Figure 4: Specific model information 
 
3. Educational resources for schools 
 
3.1 Introduction 
 
The school is the most important source of information and therefore crucial in raising awareness in 
families, as occurred when campaigns were initiated in the 1980’s to introduce lead free petrol. The 
introduction of product labelling like the EU energy label has allowed products to be identified which 
are more energy efficient and perform better. Consequently resources for teachers and students have 
been developed which discuss the reasons for saving energy and also how energy can be saved 
through a series of practical activities. 
 
3.2 Developing the resources 
 
45 practical activities have been developed by the individual partners to explain and illustrate one or 
more of the key themes of energy usage and savings in the home as shown in Table 3.1. 
 
Table 3.1: Activity themes 
forms of energy 
where energy is used in the home  
impacts of global warming 
green labels and energy efficient appliances 
energy savings in the home 
energy usage in the home 

 
These activities were then trialled in various types of schools with students of a range of ages and 
abilities. Following these trials, the activities were translated into English, edited and collated together 
with suitable resource material for teachers to form the TREAM Resource Handbook for schools. 
Activities are suitable for both primary and secondary schools and can be given in any appropriate 
class, including languages, and in any type or size of school. 
 
3.3 The teaching methodology 
 
The methodology has been developed and is described briefly below. 
Activities 
Activities are planned to be the core elements of the lessons. Every lesson should include one or 
more activities. For each activity there is:  
• resource material providing background information for introducing the subject 
• worksheets for students 
• notes for teachers 
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Age range  
• from age 7 to 16 
• understanding the importance of energy use   
• understanding the issues associated with climate change  
• explaining and involving their parents  
• considering how appliances are used in the home 
• understanding where energy can be saved 
Working in small groups 
• discussing and helping one another 
• exchanging information 
• easier for teacher to supervise 
Role of the teacher 
• introducing the topics 
• helping the groups 
• discussing the outputs with the pupils 
• summarising and evaluating the results 
 
3.4 Typical activities 
 
The activities have been developed to stimulate thinking about energy usage and the possible ways 
of using it more efficiently. Design your own energy or environmental label requires students to think 
about label design and what information they wish to impart to the buyer (Table 3.2). For each activity 
there is corresponding information for teachers (Table 3.3). 
 
Table 3.2: Design your own label – information for students 
Design your own energy or environmental label 
Design your own energy or an environmental label.  
Task 
Create your own “green” label to illustrate some important information about a product that uses 
energy at home and has an impact on the environment. Follow the steps below 
• for which type of product you will design the label  
• the purpose and the type of the label 
• what information to put on the label 
• use your imagination to shape and colour your label so that it will be noticed when buying 

your product 
• compare with other labels designed by your friends. 

 
Table 3.3: Design your own label - notes for teachers  
Notes for the teachers: 
Background: This activity is to study the green labels further. Students should be encouraged to 
create an environmental label. Therefore the subject matter should be discussed beforehand.  
The aim of the activity is: 
• Understanding the use of environmental labels in general 
• Creating a label that can fit in the subject area 
• Creating a label that is environmentally friendly  
Material: Paper, colour pen, scissors, glue, ruler 
Key words: ecolabel, energy label, energy rating, water electricity consumption, recycling label, 
mobius loop, green dot, conservation, life cycle 
Skills: Working in groups, communicating, interpreting, observing, investigating, problem solving 
National curriculum subjects: Natural sciences, science, citizenship, social sciences, personal 
social and health education (PSHE) 
Age Range: 9-12, key stage 2 

 
3.5 Trials in schools 
 
Each partner has used their own method for contacting schools. The biggest trials were undertaken in 
Poland and the Czech Republic where SEVEn worked with Tereza, an educational NGO, to offer the 
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resources to all primary schools. The other method used was to target the schools in a particular 
region and invite them to take part in a workshop at which the concepts and materials were 
presented. 
In the Czech Republic, where Tereza and SEVEn had worked together in a previous project to 
introduce low energy light bulbs, the schools had already been contacted and had been exposed to 
the concept of and rationale for, energy saving. In the UK by contrast, the schools contacted in the 
region around Reading had not been involved in any previous ESD of this type. 
In France, where environmental education has been offered for some years by ADEME, the response 
has been more positive. 
Primary schools have been more interested than secondary schools principally because the teachers 
work with a single class. For secondary schools, the activities cover a range of disciplines and so it is 
less easy to identify who should teach specific topics. 
Where environmental education is strongly supported in a school as in Belchatov Poland, then 
teachers (and students) are very enthusiastic and willing to trial new resources. 
 
3.6 Level of success 
 
The topics are relevant, timely and of interest to both students and teachers. The project partners 
have concluded that they have been successful and that the resources are suitable for dissemination. 
A number of barriers have been identified which will need to be addressed: 
• the rearrangement of schedules to find the time to teach the lessons (optimal – 5 one hour 

lessons); 
• the lack of teacher confidence to introduce such broad topics; 
• the agreement and encouragement of head teachers and local education authorities for 

teachers wishing to teach these topics; 
• the integration of the topics and activities into existing lesson plans. 
Ideally, every student should be introduced to these topics at least once in primary school and again 
in secondary school. Not only would their understanding be enhanced, but also the concept of 
individual behaviour having global implications would be reinforced. 
 
4. Information resources for families 
 
4.1 Introduction 
 
It is important to raise awareness of the potential for saving energy in the home amongst parents as 
well as students. Whilst some of the resources developed for schools are also suitable for parents, 
additional information is required and in a different format. 
The following resources have been developed: 
• an appliance energy survey in the form of a spreadsheet downloadable from the EAIS 

website which can be used to quantify the potential savings due to appliance use 
• information on how to reduce domestic electricity bills 
• an updated appliance database with a suitable set of search criteria for each EU labelled 

product group  
 
4.2 The electricity bill 
 
The starting point of any survey is to examine the electricity bill and how energy consumption and 
tariffs are interrelated. This varies from country to country and, in some countries, from supplier to 
supplier. In the UK for example, there is not only a range of tariffs, but also the standard charge levied 
by the utility company which is generally a daily rate. In addition, most UK utilities have a higher 
charge for an initial amount of energy consumed and a lower charge for any additional units used. In 
countries where the standing charge is related to the maximum power consumed (that is, size of fuse 
to limit the power supply), there is a better incentive to encourage energy savings. 
Electricity bills including room and water heating are more difficult to interpret as these appliances 
have not yet been energy labelled. In addition, the heat loss of the dwelling is not considered within 
these resources though it will be considered in a future project. Thus the survey has concentrated on 
those appliances which are energy labelled as the potential savings can be quantified. 
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4.3 A virtual tour of the home 
 
To understand in a qualitative way where energy is being used, a virtual tour of the home has been 
developed. Four typical rooms are illustrated; a living room, kitchen, bathroom and a bedroom. For 
each room there is an indication of the likely energy consumption of each appliance in the room and 
the possible savings if the best available technology was used. This allows a comparison of 
consumption between appliances and identification of the largest electricity user. After summing up 
the various contributions, the estimated consumption can be compared with the actual consumption 
on the bill.  
If the measured consumption is much larger than the estimate, this could indicate a faulty appliance 
and the user is encouraged to investigate further. The other way to reduce energy consumption is to 
use appliances more efficiently and a series of suggestions have been assembled for each of the 
major appliance groups. 
 
4.4 Appliance energy survey 
 
Considerable thought was given to a form that was easy to complete. A spreadsheet seemed the best 
way because it was possible to calculate both the likely energy consumption and the potential 
savings. This is an activity that can involve students as well as parents as the students are able to use 
computer software. 
The most detailed information is required for lamps for which the lamp type, power rating and average 
number of hours usage per day is required. The water heater efficiency is based on the age of the 
boiler and the number of people in the family (Table 4.1). For white goods such as fridges, freezers, 
washing machines and dishwashers, the efficiency is based on age, and either height (equivalent to 
volume) or number of cycles per month. For leisure/electronic appliances, the number of hours of 
usage, screen width (if relevant) and use of remote control are important. 
For cooking, only the oven or microwave usage is considered; for heating and cooling the number of 
hours of use per month. 
 
Table 4.1: Appliance energy survey – water heating 

 
 
The survey calculates the energy consumption based on information entered by the family and can be 
completed on or off-line. The program then calculates the potential savings for each appliance group 
for a typical month (Table 4.2). By this means it is possible not only to identify the appliances using 
the most energy, but also which group has the highest savings potential. 
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Table 4.2: Monthly usage and savings of a typical household 
as calculated by the survey 
Consumption  Usage  Savings 

  kWh 
Lighting 
Cold appliances 
Washing 
Cooking 
Home electronics 
Water heating 
Space heating 
Other uses 
 
Total 

   20 
    69  24 
   55  17 
   28  13 
   27  13 
   55    0 
     0    0 
   53    8 
 
 352  95 

 
Analysis of the completed surveys allows the following conclusions to be made: 
• the survey can estimate the consumption quite accurately if time is taken to fill in the form 

correctly 
• wide variation in usage reflecting family size, occupancy, age and appliance use 
• potential energy savings is not directly related to energy consumption 
• the nature of the possible savings varies in each household (Table 4.3) 
• statistical data on appliance use and age and on the use of low energy light bulbs.  

Table 4.3: Energy usage of households around Reading, UK 
Family Bill Calculated Possible Savings  

kWh kWh  kWh  % primary secondary 
 

F 
T 
J 
P 
B 
D 
K 
M 
A 
R 
 
average 

460 606  348  57 lighting  washing 
410 343  144  42 washing cold 
300 333  143  43 lighting  water heating 
105 114    41  31 cold  home electronics  
355 373  173  46 lighting  home electronics 
450 527  154  17 lighting  other 
226 362  216  36 lighting  washing 
410 436  132  30  washing water heating  
650 436  56  13 cold  home electronics 
345 352  87  25 cold  water heating 
 
370   150  35 

 
4.5 Potential for appliance energy savings 
 
The potential energy savings as analysed by replies to the survey is very large and averages 34% 
across seven countries (Table 4.4). 
Households in the EU 25 consume more than 100 TWh per year. If one assumes a similar savings 
potential for the other Member States as the six above then the potential appliance savings for the EU 
25 could be as high as 34 TWh per year resulting in a reduction of 17 million tonnes of CO2 per year.  
These savings are achievable using products that already exist and do not require any further 
improvements in technology.  
Further substantial savings are possible by substituting electrically driven heat pumps for direct 
electric heating. 
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Table 4.4: Average electricity usage and savings potential identified 
from survey 
country average electricity 

usage /year 
kWh 

average potential 
energy savings 
kWh 

Savings 
potential 
% 

UK 3000 1000 34 
IT 2400 960 40 
PL 3600 1000 27 
RO 2400 800 33 
CZ 1600 420 26 
PT 3300 1000 30 
ES 2500 1250 50 
 
4.6 Realising this potential 
Information and education are key to realising this potential: 
• TREAM resources can help with identifying not only where energy is used in the home but 

also the potential savings of various appliances 
• manufacturers and retailers can ensure that consumers consider energy efficient appliances 

when replacing their existing appliances which requires an understanding of the importance of 
lifetime cost and emissions which are available via the EAIS database. 

• utilities and energy advisers/agencies can help by providing information and organising 
education campaigns. Utilities could provide financial incentives where appropriate to 
investing in energy efficient appliances as part of managing their demand.  

 
5. Conclusions 
 
The potential for energy savings through more efficient use of appliances is very high and TREAM 
can assist in realising this potential through making available resources that can help individual 
families to identify where energy is being used and how it can be saved. Through developing and 
trialling suitable resources for students, it will also be possible to educate them in both the nature of 
the problem and also the possible methods of using appliances more efficiently. This information is 
now available via a multi-lingual website in most of the major European languages at www.eais.info. 
The project will work with European Schoolnet, an IGO established in Brussels and supported by 
education ministries of 28 European countries, to disseminate at European level the TREAM 
resources to schools. 
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Abstract 
In order to improve the efficient use of electricity in private households consulting the consumers and 
informing them is as importang as economic and legal measures. Plenty of institutions in Germany 
like energy agencies, power supply companies, consumer agencies and environmental organisations 
try to make consumers aware of the huge potentials of power saving, considering the rise of energy 
costs. The main research goal of a project of ifeu-Institute was to find out, what these electricity 
saving programs could achieve, and which effects were obtained. For example, some electricity 
saving consultancies were only offered in the offices of the information centre. With this approach only 
a few households could be reached. Campaigns in contrast can address a large number of 
households.  
This research project analysed different types of electricity saving programs, implemented throughout 
Germany and in some other European countries. So we can give an overview, which allows a 
classification of the different forms of consultancies, campaigns, financial support, least-cost-planning, 
diffusion and feedback programs. The available evaluations and results were reviewed under cost-
benefit aspects as well as the following questions: Which are success factors and barriers for the 
different types? Which target groups could be contacted? Do all of the consultancy programs fit to the 
different institutions? The results of this still running project should support the implementation of the 
proposed EU-Directive on energy efficiency and energy services.  
 
Introduction 
 
Trends, Determinants, and Saving Potentials in Electricity Consumption. 
A quarter of the electricity consumption in Germany is due to private households. From 1990 to 2003 
their electricity consumption has increased by 17 %, in spite of the improved energy efficiency of 
electric appliances and financial support programs revising consumption behaviour. The forecasts 
show further increase by 2020. These trends threaten the achieving of CO2 reduction obligations. 
Furthermore the energy prices for consumers are also increasing [1] [2]. 
The rise of electricity consumption is partly due to increased equipment with electric appliances in the 
households. For instance in the last ten years the number of dishwashers and dryers in German 
households doubled. There are also trends toward individualisation and aging population leading to 
reduced number of household’s members. The rising number of households with one or two persons, 
in combination with the increased living area per person are factors additionally contributing to the 
increased equipment with electric appliances. On the contrary, there was improvement in energy 
efficiency of domestic appliances, especially of freezers, refrigerators, washing machines, and dryers. 
But even such efficiency improvements in important areas of use could not catch up with the trend 
toward rising electricity consumption. In the area of consumer electronics there is a similar trend of 
increasing numbers of electric appliances. For instance, from 1993 to 2003 the number of computers 
grew by 254%. In consequence there is a rise of stand-by losses [3]. Of course, these trends are 
strengthened by higher incomes and lower purchase prices.  
The potential for economical reduction of electricity use from 2001 to 2010 is estimated to 
approximately 18 TWh annually (not included electricity for heating and warming water). This is 
equivalent to 19 % of electricity consumption of private households in Germany for 2001. Most of this 
potential could be achieved in the area of cooling (4.2 TWh), lighting (3.5 TWh), computers (2.2 TWh), 
and by energy efficient circulation pumps (1.9 TWh). By avoiding stand-by losses there could be a 
saving of 4.6 TWh. These reductions could be reached by technical improvements [4], not included a 
change of everyday behaviour.  
Opening of such reduction potentials is only possible by combining different policy measures, which 
we have already exemplarily shown [5]. 
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Barriers 
Various barriers oppose the implementation of energy saving measures in the households. These 
barriers could be classified according to economic factors (e.g. transaction costs, high investments’ 
risk aversion etc.), (social)-psychological factors (e.g. missing motivation, habits, idiosyncratic 
rationality of decision-making), and sociological factors (e.g. norms, values etc.). The high number of 
barriers shows, that there is no simple way for overcoming them and that a combination of different 
measures is much better. 
Electricity saving consultancy could effect in questioning daily routines and common ways of thinking. 
So it can not be able to eliminate barriers completely. Consultancy alone could not cause any 
changes of the economic conditions, or of the social structures, but in combination with other policy 
measures it can reach better results. 
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Figure 1:   Barriers to efficient Consumption of Electricity in Private Households 
 
Policy Measures and their Combinations 
There are policy measures which constitutes the legal framework of electricity use, for instance, 
introducing eco-taxation to regulate the electricity tariffs or legal requirements for the energy 
consumption labeling of household appliances. And there are other important, so-called “soft” 
measures, which support the reduction of electricity consumption in private households. Such 
measures are face-to-face consultancy about energy efficiency, public relations about electricity 
saving, financial support for purchasing more energy efficient electric appliances and informative 
electricity billing. Combinations of these kind of measures are necessary. For instance, there is often 
less demand to energy consultancies and financial support programs without accompanying public 
relations matched to the different target groups. Or the feedback on energy use can evoke a 
motivation to make use of energy consultancy or to pay attention to energy labeling when purchasing 
electric appliances.   
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Figure 2: Puzzle of Policy Measures 
 
 
Program Providers and Target Groups 
Different institutions provide consultancies or start campaigns for electricity efficiency in private 
households. They have with different background and objectives. Usually such measures are 
embedded as services on the field of “Energy saving” (e.g. by regional Energy agencies), on the wider 
field of “Environment protection” (e.g. by environmental associations or by local environment 
consultancy clubs), or on the field of “Consumer protection” (e.g. by consumer agencies). Furthermore 
energy supply companies provide consultancy services. But since the liberalisation of the energy 
market the number of such services declined in Germany. The main reasons for still providing such 
services are enhancing the corporate image and/or the customer loyalty. The same refers to retailers 
providing consultancies for purchasing energy efficient electric appliances. Hence, there is a principal 
distinction between profit and non-profit providers of consultancies. 
The electricity consumers in households show a variety of motivations to reduce their consumption 
(environmental protection, cost-benefit aspects etc.). Therefore, there should be specific ways of 
addressing the information to the different target groups. A useful methodological tool for identifying 
such groups is the so-called “lifestyle approach”, which was originally developed for market and 
consumer researches. The main purpose in identifying different consumer groups is to differentiate 
not only by socio-demographical factors (sex, age, education and income level), but also by socio-
psychographical factors (attitudes and behaviour). Klaus Wortmann, a German environmental 
psychologist, identified 6 lifestyle groups according to energy use: especially the Responsible, the All-
rounder, and the Environmentally Conscious pay attention to energy saving. The Enterprising and the 
Family-bound Materialists don´t care so much. Nevertheless they can be motivated for using less 
energy by organising entertainment leisure activities for example. For the Economist group energy 
saving is closely connected with saving money [6].  
 
Classification of Programs and Evaluation Results 
 
Classification of Electricity Saving Programs 
The various electricity saving programs implemented throughout Germany and in some other 
European countries has been classified. In addition, telephone interviews with experts were held and 
existing program evaluations were reviewed. As a result the following program types were elaborated: 
Electricity saving consultancy is characterised by an individual approach adapted to the personal 
needs and demands of the consumer. The consulting itself can deal with general questions and 
special problems. Therefore, such policy measures could achieve a high “depth of information”. There 
are different types of electricity saving consultancy: classical types are stationary consultancy 
(consumers get advised at the local centre of the respective service provider), the on-site consultancy 
(consumers get advise at their homes). Another form is on-site consultancy by so-called voluntary 
“lay-consultants”. And quite new is Internet consultancy with individual input and feedback modes. 
Feedback programs to inform households of their actual energy consumption try to overcome the 
problem, that the amount of electricity used is not really perceptible. Such programs give the 
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possibility classifying your own consumption using various forms of feedback. For instance, 
informative energy billing is using the classical communication between utility company and consumer 
making the kilowatthours more transparent. Another possibility to make electricity visible is to lend 
measuring instruments for self-control of the electricity consumption. Another way is to initiate self-
reading of the electric meters. The meter reading information can be sent to the utility company, which 
in turn evaluate the results and bring them back to the consumer. Regular feedback on energy use 
can be combined with setting of indiviudual energy saving goals.  
The following types of saving programs don´t belong to the class of consultancy, but are very often 
used in combination with it. 
Electricity saving campaigns consist of different, co-ordinated elements. Key elements of such 
campaigns are public relations, using the mass media communication to reach as many households 
as possible. The main purpose is to draw consumers’ attention to the area of electricity saving, 
including simple and common saving advises. There are various types of campaigns: Mass media 
campaigns are communicating both throughout the mass media (TV, Radio, Newspapers, Internet) 
and the advertising media (flyer, poster, leaflet etc.). Campaigns with model-households are shifting 
abstract campaign contents (electricity saving, climate change) to the level of personal experience. 
Electricity saving competitions are partly used as a supplement to other measures to gain attention for 
the topic. Campaigns with elements of social diffusion, such as Social-marketing campaigns are 
focusing on the spreading effects within social networks. 
Financial support to purchase more energy efficient electric appliances as well as free give-away of 
energy saving lamps help to animate the households to use such energy saving appliances in order to 
directly implement the energy efficiency measures. Both approaches were developed to help market 
launch of energy efficient products, which are new or still too expensiv. Both approaches risk to 
generate windfall profits without obtaining consumers to learn, when they are not tailor-made 
solutions. 
An overview of various electricity saving programs and corresponding examples are represented in 
the following table 1 and table 2. The limited comparability of the evaluated cost-benefit-effects is also 
illustrated. Though, both feedback on energy use and campaigns with diffusion elements tend to be 
more cost-effective than other programs.  
As a result of the comparison of the different types of programs we created an overview: Which type 
of program is suitable considering different conditions and aims. Table 3 shows the results. 
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Table 1:   Overview of Electricity Saving Programs (I) 
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Table 2:   Overview of Electricity Saving Programs (II) 
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Table 3:   Suitable electricity saving programs 

    
On-site 
consultancy 

stationary 
consultancy

Internet-
consultancy 

Feedback / 
Informative  
energy bill Campaign 

Financial 
support 

motivating / calling attention   ++ +++ +++ +++ 
Main 
objective  
  informatory / explaining +++ +++ +++ ++ ++ + 

profit provider ++ ++ +++ +++ ++ +++ 
Provider 
  non-profit provider +++ +++ +++ + +++  + 

wide area + ++ +++ ++ +++ + 
Area 
  small area +++ ++ ++ ++ ++ +++ 

a lot of topics +++ +++ ++ ++ + + Number of 
Topics 
  

single or few topics (for example 
focused on stand-by)   ++ ++ ++ +++ 

exclusive target group(s) +++ ++ +++ + + + 
Target group
 

generally suitable for all target 
groups depending on design of the program 

+++ = very well suitable    ++ = suitable,   + = restrictedly suitable 
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Energy Consultancy works! – Summary of Evaluated Cases 
 
The effectiveness of “soft” policy measures (Consultancy, Campaigns, Financial Support, and 
Feedback on own energy use) reducing energy consumption of private households has been shown 
by a number of evaluations. Though, most of the energy saving consultancies, which have been 
evaluated, emphasise the saving of energy for heating. Only in a few cases “electricity saving” played 
a significant role. The following three examples prove the electricity saving effects from consultancy 
and campaign.  
 
Stationary Energy Consultancy by Municipal Utility Companies of the Cities of Jena and 
Frankfurt (Oder) 
In 2000 the Energy Institute of Bremen [7] evaluated the consultancy centres of the municipal utility 
companies of the cities of Jena and Frankfurt (Oder). The consultancy centre in Frankfurt (Oder) was 
established 1999. It offers consultancies to all customers of the company relating to all energy saving 
topics including electricity saving. In addition information brochures with energy saving hints and data 
concerning the most energy efficient electric appliances are provided as well as lending of measuring 
instruments and energy saving lamps (CFL´s). The public relations include press releases in the local 
newspapers and the special newspaper for customers, presentation on fairs and information spots on 
local TV station. Additionally threre was a subsidy program for energy efficient domestic appliances. 
The number of consultations varied between 7 and 27 per day. The following evaluation surveyed 310 
persons - those consumers, who additionally had lent measuring instruments. The evaluation showed 
a total saving of electricity of 200 MWh or 630 KWh for each person. The overall costs for the energy 
consultancy was not estimated. Only the costs for lending the measuring instruments were included. 
These amounted 6,100 Euros incl. labour costs and incentives. The cost-benefit-ratio of this program 
was about 0.3 Euro per saved kWh. Similar results were shown by the evaluation of the other energy 
consultancy in Jena. The cost-benefit-ration was also about 0.3 €/kWh. 
The evaluation did not focus only on electricity saving measures, but also helped determining the 
quality of the provided service and proving the relation between consultancy and implementation. 
Senior and unemployed persons as well as persons with higher education mostly requested the 
consultancy service.  
 
Energy Consultancy by the German consumer agency (Verbraucherzentrale) 
In 2005 ifeu-institute evaluated the stationary energy consultancy provided all over Germany by the 
Verbraucherzentrale [8]. 
Since 1978 the Verbraucherzentrale has provided a stationary energy consultancy for all consumers 
in Germany. It is co-ordinated by the Verbraucherzentrale Bundesverband e.V. (vzbv), the federal 
association of the Verbraucherzentrale and financed by the German Federal Ministry of Economics 
and Technology. The energy saving consultation takes place either in the consumer advice centres of 
the Verbraucherzentrale or in public buildings in co-operation with public institutions and 
organisations. It lasts approximately half an hour and is up to now free of charge. The public relations 
are organised in form of press releases and advertisements, presentations on fairs or the like, Radio 
and TV spots, billboards, flyers etc. In addition, there are cooperations with various institutions, 
federations, and organisations. 
In the year 2004 there were 70,000 energy consultations. About one third tackled also “electricity 
saving”. Thus, there were total electricity savings of at least 20,000 MWh influenced significantly by 
the consultancy. The overall annual costs for this program are about 3.5 million euros, incl. public 
relations (except the labour costs of the program co-ordinators at state level). As the consultations 
pay attention not only to electricity saving, but also to other energy saving topics, it is not possible to 
relate costs and electricity savings. The overall energy savings incl. heating were at least between 1 
and 2 million MWh. Altogether the calculated cost-benefit-effects showed a ratio between 0.002 and 
0.003 € per saved KWh. The highest savings could be achieved through investments in building 
reconstructions and replacement of old heating installations. Beside energy savings we found out that 
there were other important effects such as activated investment spending, avoidance of false 
investments, learning and spreading-out effects to landlords or other persons. Very important criteria 
for the success of this program were the independence of the Verbraucherzentrale, the engagement 
of the consultants und that the program was free of charge. 
 
Mass Media Campaign “Off. Really off?” 
A team of German scientists [9] [10] evaluated 2001 the campaign “Off. Really off?” aiming at 
reducing stand-by losses by consumer electronics.  
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The campaign was conducted between November 2000 and June 2001 in the German state of 
Schleswig-Holstein. In the end of 2001 there was an additional reminder campaign. The 
Energiestiftung Schleswig-Holstein (energy agency) co-ordinated the project. In co-operation with a 
professional advertising agency the message of the campaign “Off. Really off?” was published by TV, 
Radio and Cinema spots, the Internet site of the project, and also by involving the retailers. 
Furthermore other print media (flyer, posters etc.) and a brochure were used. The communication 
approach used striking motives from every day life to mediate the unattractive message to reduce 
electricity consumption. The message sender showed himself as a “partner of the consumer 
protecting him from wasting money”. The primary target group was young people from 16 to 40 years 
who don’t care much about energy saving. Those people can be classified to the life-style group 
Enterprising (s. above). But the massage should not exclude traditional energy savers. The campaign 
was organised in close co-operation with the retailers of consumer electronics, which provided the 
consumer with information materials at the point of sale.  
The evaluation results have shown, that such campaigns with specific topics and target groups can 
contribute to achieving better electricity efficiency. About one million people or 10 % of the population 
of Schleswig-Holstein perceived the campaign message. It resulted in a total saving amount of 26,000 
MWh. The overall costs for the campaign were 890,000 euros. The evaluated cost-benefit-ratio was 
approximately 0.034 euro per saved KWh electricity. Beside the calculation of energy savings there 
were three surveys (pre-test, ex-post-test, and follow-up-test) identifying knowledge and behaviour of 
consumers concerning stand-by losses as well as their satisfaction with the campaign elements 
(advertisement materials, retailers' advices etc.). Some other factors were also evaluated such as the 
choice of the “correct” advertisement agency, the entertaining and fun message, the integrated 
approach co-ordinating the activities of the involved organisations, as well as the reminder campaign.  
 
No Consistent Evaluation Standards in Germany 
Despite the fact that all results, which we presented above, are scientifically proved, a comparison of 
the cost-benefit-effects of the various programs is hardly possible. The evaluation methodology used 
was very different as the case arises, because in Germany there are no consistent standards for the 
evaluation of energy saving consultancy. In addition, a lot of energy saving programs were not 
evaluated, particularly those financed by private enterprises. They mostly presented a simple 
description of their activities.  
In Denmark, as we could find, there is a good practice regarding the use of consistent evaluation 
standards. In a project lasting from 1996 till 1999 the energy provider NESA evaluated different 
electricity saving programs using a shared methodology. The highest savings were achieved by the 
on-site consultancy, but this was the most expensive program type. The most favourable cost-benefit-
ratio was obtained with the sales of a book of energy efficient cooking recipes [11]. 
 
Table 4:  Comparing the Effects of Demand Side Management Activities. The Danish Case.  

 
Minimum Standards for the Evaluation of Energy Consultancy Programs 
We propose the following minimum standards for the evaluation of energy consultancy programs, 
especially with focus on cost-benefit-ration. 
• The main point is: Transparancy and documentation of methodology and calculation schemes 

(including assumptions). It seems to be trivial, but it isn´t  usual up to now. 
 
Costs of the program 
• Documentation of the most important costs, which represent at least 80% of total costs of the 

program. Especially the labour costs are often missing in documentations so far (for example the 
labour costs of the person coordinating the program). Another possibility is the documentation of 
the working hours of the persons involved.  
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• Take into account, if it is a pilot scheme or if you carry it out the first time (without routine). So you 
have to be careful when comparing it with programs which already run for a long time. Pilot 
schemes are 20 to 30% more expensive! 

• If you try to compare programs which have been carried out in different years, take into account 
an inflation-index.  

 
Energy Savings 
• If you survey, which measures have been taken because of the cunsultancy, you can estimate the 

savings by calculations. Or you do a measurement of the electricity consumption of a larger group 
of households and compare with data of a control group (which hasn´t got energy advice). 

• Take into account that efficiency measures taken in the households can be caused by a variety of 
reasons. That´s why you should ask the person beeing adviced, how strong the influence of the 
consultancy has been (cf. Tab. 5). 

• Up to now the energy savings are most commonly calculated based on substitution of appliances. 
But changes in every day behaviour can contribute to electricity savings as well. Unfortunately it´s 
difficult to know the influence in detail. But that should not be a reason to neglect it totallly. We will 
develop some plausible and scientifically sound proposals within this project, how to integrate 
them without to much effort.  

 
Table 5:   How to evaluate the influence of the consultancy on 
a measure (example):  
What kind of influence the consultancy did have concerning 
the choice of the energy efficiency class of your new fridge? 
The consultancy was … 
 Default answers Multiplier for 

calculating the 
saving effect 

� the crucial point 1 
� an important assistance 0,75 
� a supplementary assistance 0,5 
� without influence 0 
� I don`t know 0 

 
Conclusions and Outlook 
The previous descriptions showed, that policy measures like consultancy and campaigns can 
contribute effectively to save energy.  
Taking into account the structure of barriers on consumer’s side which hamper electricity efficiency, 
we can see that only a combination of different policy measures complementing consultancy could 
achieve additional potentials. This has to be considered when designing energy saving strategies.  
The development of consistent evaluation standards is also necessary for the determination of the 
cost-benefit-effects in Germany for a comparison of evaluation results. This would be also helpful for 
the coming bottom-up-evaluations in line with the EU-directive for energy efficiency and energy 
services. 
The research project for the electricity saving consultancy of private households of the ifeu-institute 
will try to develop minimum standards for the evaluation of cost-benefit-effects. In addition to that two 
types of programs (on-site consultancy and informative electricity bill) will be evaluated exemplarily 
using the developed standards. For such programs there are no verified evaluation results in 
Germany yet.  
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Abstract 
Marketing and communications are often overlooked elements in the design and implementation of 
standards-setting and labeling program, yet they play a critical role in overall program success particularly 
in the areas of consumer decisions and behavior change.  Studies show a correlation between level of 
effort – a large part of which is marketing and communications – and progress toward market acceptance 
of energy efficient products, practices and services.    
The paper, which draws substantially from a new chapter in CLASP’s Energy Efficiency Labels and 
Standards: A Guidebook for Appliances, Equipment and Lighting (Feb. 2005), explores case studies of 
efficiency education programs from around the world, examines trends affecting acceptance of energy 
efficiency, and includes guidelines for designing successful communications campaigns. 
 
 
The Definition and Importance of Communications Campaigns 
 
Public communications campaigns seek to educate and mobilize the public in support of social or 
behavioral change.   It has been said that public communications campaigns: 

1. “Impart ideas for a strategic purpose (and) may be singular events or long-term courses of action, 
but all have a specific purpose [4];” 

2. Can be highly formal efforts or a loose collection of goal-oriented outreach activities [3]; and  
3. “Use the media, messaging and an organized set of communications activities to generate specific 

outcomes in a large number of individuals and in a specified period of time [2].” 
For efficiency standards and labeling, a communications campaign is one part of a larger long-term policy 
strategy to save energy used by appliances, lighting, and commercial equipment.   
During the past decade, energy-efficiency standards and labeling programs have played an increasingly 
important role in the national energy strategies of developed and developing countries. The benefits of 
these programs are multi-faceted.  At the national level, the main objectives include: energy conservation; 
reduced greenhouse gas and other environmental emissions; and economic development.  For 
equipment suppliers and manufacturers, standards and labeling programs may increase business 
opportunities and/or expand export markets.  And for consumers, labeling programs provide detailed 
product information and result in improved product choices.   Improving consumer awareness and 
changing purchasing behavior are key elements of success. 
For standards-setting and labeling programs (whether mandatory or voluntary) to be effective and 
accepted in the marketplace, program implementers must communicate with stakeholders – industry, 
retailers, and consumers.  Implementers often overlook or underestimate the value of communications 
and instead focus attention on marketing and engineering assessments, specification development, 
product testing/verification, and program analysis.  Strategies to influence consumer values or 
stakeholder decision-making are as important as technical considerations and when executed well, help 
determine the success (or lack thereof) of labeling initiatives.   
Several U.S. evaluations of labeling programs and related market-transformation efforts highlight the 
importance of communications and promotional activities [7] [8].  These studies show a correlation 
between level of effort – a large part of which is communications – and progress toward market 
acceptance of energy-efficient products and services.   
 
In a review of a decade of market-transformation efforts in the U.S., the American Council for an Energy-
Efficient Economy (ACEEE) identified these lessons learned: 
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• Success in the market is achieved when efficient products/services can be differentiated from 
conventional products in the eyes of consumers; 

• Promotion (e.g. advertising and educational materials) is a key component of most successful 
initiatives.  Promotional activities raise awareness among potential purchasers as well as 
sellers and service providers and work best when these activities show the full range of 
benefits, not just energy savings; 

• Understanding market barriers to energy efficiency helps policy makers develop and 
implement successful activities; 

• Sales training, which can be part of an overall communications campaign, plays an important 
role in overall success; and 

• Most successful initiatives are multi-faceted efforts, which involve several different outreach 
activities that evolve over time [7]. 

 
Depending on needs and available resources, marketing/communications campaign can focus on one or 
two simple tactics, or can be a variety of integrated tactics targeted at several audiences.   
The following sections address steps implementers can consider in developing effective communications 
campaigns.  Basic communications and social marketing concepts are included, as well as regional and 
national case studies.   The range of communications tactics available to implementers falls broadly into 
three categories: advertising, public relations, and special events:  

• Advertising is the use of media to market an idea (in the case of social marketing) or 
product.  Ads in papers, in magazines, on television, on the radio, and on line are common 
advertising tactics. 

• Public relations is the use of publicity to create enthusiasm for an idea or product. Press 
releases, celebrity endorsement, and editorials are common public-relations tactics te goal of 
which is “free publicity.”   Thus, public relations can be an important strategy for resource-
constrained public-good campaigns such as the promotion of energy efficiency.   

• Special events are often used in combination with advertising and public relations to focus 
attention on the issue in question.  They often take advantage of important dates related to 
the issue.  In the case of standards and labeling, common opportunities for special events 
include:  the launch of a label, national energy conservation days or weeks (e.g., as 
celebrated annually in China), and Earth Day [6]. 

 
Steps in Developing a Communications Campaign for Standards and Labeling 
 
There are seven basic steps entailed in designing and implementation a communications campaign.  
Each is discussed below with particular emphasis  and examples related to energy efficiency standards 
and labeling. 
 
Step 1:  Establish Goals and Objectives 
The first step in designing a communications campaign is to establish goals and objectives for the 
activities.  The literature defines two types of communication campaigns according their basic goals.  
Individual behavior-change campaigns try to alter individual behaviors that lead to social problems and/or 
promote behaviors that lead to improved individual and social well-being.  Public-will campaigns attempt 
to mobilize public support for an issue in order to motivate public officials to take policy action [2].  
Standards/labeling programs can use a combination of these two types. The table below lists typical 
objectives and other aspects of individual behavior-change and public-will communications campaigns 
organized in support of standards and labeling. 
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Goals, Objectives, Target Audience, Strategies, and Messages by Campaign Type--Individual 
Behavior Change and Public Will [2] 
Campaign Type/Goal Individual Behavior Change Public Will 
Objectives Increase awareness and 

understanding of an energy label 
Increase consumer confidence in 
the credibility and importance of 
the information contained in an 
energy label 
Increase appliance shoppers’ 
intent and stated willingness to 
purchase energy-efficient 
appliances 
Increase actual rate of purchase 
of energy-efficient appliances 

Increase the visibility or 
perceived importance of 
energy efficiency 
Increase the extent to which 
energy efficiency is seen as a 
problem with solutions (e.g., 
standards and labels) and 
entities responsible for those 
solutions (e.g. government, 
industry and consumers) 
Engage and mobilize 
stakeholders in support of 
energy efficiency to positively 
affect policy makers and 
policies (e.g., affect the 
determination of what MEPS 
levels and/or label thresholds 
should or shouldn’t be 
pursued) 

Target Audience(s) Current and near-term appliance, 
lighting, and equipment 
purchasers; retail sales staff 
and/or product development 
engineers at manufacturers 

The general public, 
environmental and consumer 
groups, industry groups and/or 
policy makers 

Strategies and delivery 
channels 

Social marketing through 
advertising in print, television, 
radio, and electronic media 

Media advocacy, community 
organizing, public relations to 
obtain news coverage and 
events 

Sample Messages “Buying a 5-star, energy-efficient 
appliance puts money in your 
pocket.” 

“Investing in energy efficiency 
makes the world a cleaner, 
safer place for future 
generations.” 

 
Successful campaigns may selectively target consumer recognition and trust of energy labels, which is an 
important first step, or they might target consumer use and comprehension of energy labels when 
analyzing a purchase. Campaigns may also target retail implementation, that is, accurate product labeling 
in retail environments, and sales staff knowledge.  Broader campaigns typically include all of these and 
more, to create a strong communications campaign that, over time, is designed to help create positive 
attitudes towards energy efficiency across multiple sectors – consumer, retailer, manufacturer, etc. 
Most energy-efficiency campaigns have had a mix of individual-behavior and public-good goals in mind 
with the relative emphasis of each changing as implementation progressed.  The early stages of the U.S. 
EPA ENERGY STAR program initially emphasized influencing upstream market actors (computer 
manufacturers), rather than end-users.  Three years into the program, when the array of labeled products 
expanded, EPA began direct outreach to end users and consumers.  More than a decade later, consumer 
education has evolved to be an essential program component with national awareness numbers that 
typically exceed 60% according to the Consortium for Energy Efficiency. 
The China Certification Center for Energy Conservation Products (CECP) endorsement label program 
also began implementation, not through broad public education, but through communication and 
relationship-building among China’s large appliance manufacturers and sales outlets.  The program does 
not have the staff or resources to communicate with all citizens; instead, implementers plan to deploy 
communications tactics using regional energy departments/utilities, in addition to in-store tactics focused 
on big population centers.   Leveraging regional energy providers/utilities is a common, and cost-effective 
way, to communicate energy labeling benefits at the local level. 
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The Electricity Generating Authority (EGAT), in Thailand, keen to avoid subsidy programs and preferring 
instead to rely on voluntary agreements, market mechanisms, and intensive publicity and public 
education campaigns, created the Attitude Creation Division in their DSM offices.  EGAT’s program 
promoted energy efficiency through advertising campaigns, strategic partnerships with various ministries 
and agencies, and public education campaigns.   Throughout the five-year DSM program, the Attitude 
Creation Division undertook several large-scale promotions to encourage voluntary shifts to energy-
efficient equipment.  The refrigerator-labeling program, for example, sought to encourage purchasers of 
the newly labeled appliances to read and understand the new labels.  In a publicity campaign that sought 
to attract consumers’ attention to the new labels, purchasers of new refrigerators were asked to send the 
details from their energy-efficiency labels to a contest with a prize of 5 million baht (US$200,000) in gold; 
consumers across the country responded to this novel campaign.  The Attitude Creation program 
evaluators found that, by the end of the program, 87% of the Thai population was aware of the public 
energy-conservation programs and knew that EGAT had sponsored them. 
 
Step 2:  Assess Communications Program Needs and Conduct Research 
It is necessary to understand market barriers in order to choose the correct communications tactics and 
channels.  What market barriers stand in the way of effective labeling/standards?  For example, beliefs 
that all products are energy efficient or that energy conservation means sacrifice, are common barriers to 
the success of labeling and standards in the U.S.  Other market barriers might include lack of product 
availability, lack of information about the benefits of efficiency for consumers, poor knowledge by sales 
staff of label meaning, or distraction by or confusion with other labels (ecolabels, water-efficiency labels, 
recycled content labels, etc.).   
 
Once market barriers are understood and goals and objectives are established, it is recommended that 
implementers: 

1. Assess needs before planning communications campaigns -- this helps determine the starting 
place for communications with the public.   

2. Conduct research to supplement the needs assessment, and consider the design of the 
campaign within context of those research results.   

 
A typical needs assessment involves these elements:  

1. A sense of the context for/history of energy efficiency in the implementation area, and the key 
implementing institutions that will manage or support communications efforts. 

2. Available resources (time, personnel, money) that the program can allocate to communications 
activities.  Do you have staff trained in communications?   Are printing resources available?  Can 
the program leverage outside experts/advisors? 

3. Review of existing information on energy efficiency. Do consumers have access to this 
information?  Have they needed it in the past?  How is energy efficiency being addressed in the 
implementation area?  Are there broader, long-term goals associated with new standards or 
labels, e.g. CO2 reductions, peak-load energy management, national energy management? 

4. Target audience identification.   
5. Assessment of baseline awareness/energy-efficiency attitudes and behaviors, from   available 

quantitative or attitudinal research 
6. Research into attitudes toward energy efficiency or messaging, through qualitative research, e.g., 

in-person, in-depth interviews.     
7. Consultation with industry -- essential for several reasons, e.g., it ensures that communications 

tools and key messages are appropriate for target audiences, increasing likelihood they will be 
well received; it ensures that potential issues are identified early on and can be managed 
accordingly; and it builds relationships with useful contacts, which in turn can help during the 
implementation phase. 

8. Audience understanding -- identify which consumers make appliance- and product-purchase 
decisions.  Do men or women play the main role in product selection and purchasing in your 
program area?   Gender/demographic considerations can greatly influence communications 
tactics and messages.   

9. Communications channels, i.e., where do most people get information about energy?  Is it from 
government literature, at point of sales/in store, through national or local mass media 
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(newspapers, magazines, television, radio), community/consumer groups, or websites?  Which 
information sources do consumers trust the most (from government agencies to local citizens 
groups)?  

10. Partnerships -- identify supplementing and partner organizations that can provide delivery 
channels and/or offer in-kind support for your communications campaign., for example NGOs, 
consumer associations, or manufacturers. 

 
Experience has shown that, after program needs are assessed, research should guide program 
development. Basic research will help create more effective communications campaigns, with messages 
that resonate with consumers and other stakeholders.  Large-scale communications efforts may require 
marketing and social scientific research methods: surveys, focus groups, formal or informal interviews.  It 
is best to conduct separate research at the various stages of program development: at the front end (to 
determine baseline awareness or attitudes toward a new label or standard or to select messages and to 
test program materials); during program implementation (to monitor and refine communications tactics); 
and at the completion of a campaign (as part of an overall evaluation of impacts) [5] 
In Asia, for example, the Hong Kong Consumer Council has conducted its own research on energy 
consumption associated with consumer products such as refrigerators, air conditioners, washing 
machines, and gas water-heating systems.  The organization publishes test results in a monthly 
magazine, which is highly respected by consumers.    
The state of California uses extensive primary and secondary research, including literature reviews, 
consumer focus groups, and psychographic analysis, to guide statewide efficiency communications plans.  
In one instance, staff used the surveys as a baseline against which the impact of statewide programs 
would be measured.  Consumers were asked about energy-efficiency awareness, attitudes, and 
behaviors.   Implementers found that the baseline studies “provided essential data on the current 
awareness of energy efficiency at the time, and what people knew or perceived energy efficiency was and 
their attitudes regarding it.  The study provided strategic attitudinal segmentation needed for developing 
targeted messages that appealed to the…values most people have when it comes to energy decisions.”  
The data contributed to strong, prioritized messages in the eventual communications campaign [5].   A 
consortium of utilities in the northeastern U.S. [8] also relies on ongoing research to develop regional 
efficiency outreach plans for clothes washers, appliances, compact fluorescent lamps (CFLs), and light 
fixtures.   
Baseline research also guided Natural Resources Canada during the early stages of Canada’s 
implementation of the ENERGY STAR program.  An initial survey of 1,000 Canadians revealed that 13% 
of Canadians could identify the ENERGY STAR symbol used in the U.S. without any prompting, and 26% 
could identify it when prompted.  Consumers most commonly associated office equipment with the 
symbol. Program implementers designed communications tools in response to this baseline, saving 
government resources by avoiding messages that consumers already understood. [11] 
 
Step 3:  Target Audience Selection 
The next step is to identify and prioritize the primary audiences allowing for segmentation if needed.  For 
example: the primary audience might include supply-side stakeholders -- manufacturers, trade 
associations, equipment distributors, retailers, or sales cooperatives; the secondary audience might 
consist of consumers (whole population, or targeted to certain demographic groupings, or purchasers of a 
specific product/s).   Prioritize based on program goals and objectives, and be prepared to address 
barriers and possible motivations that would influence each group's use of labels. 
Possible target audience segmentation may include: 

• No segmentation (i.e., focus on the general public); 
• Stratification by demographic groupings (e.g., gender, age, income bracket, ethnicity and/or 

geographical location); 
• Stratification by role in supply chain (equipment distributors, manufacturers, wholesalers, 

product reps, retailers, sales cooperatives, government officials, consumers); 
• Stratification by interest group (consumer groups, environmental groups, trade associations); 

and 
• Stratification by the nature of the buying decision, considering separately the motivations of 

those purchasing a new appliance because of: replacement at end of an appliance’s useful 
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life; early replacement for remodeling; early replacement for efficiency; or retirement of an 
“extra” appliance.   

 
Implementers should also consider public participation in the communications program, including local or 
regional stakeholders, efficiency advocates or consumer groups in program design, and should 
collaborate with them in the collection of research data and in decision making, target audience 
identification, and program implementation.  Local participation can vastly change the very nature (and 
success) of communications programs, with greater authority for program management moving to 
decentralized agencies, utility providers or community groups. 
 
 Step 4:  Identify and Recruit Partners 
Communications programs work well when they involve multiple stakeholders. It is useful to identify who 
else might benefit from the program’s efforts and which organizations can help carry campaign 
messages. Possible messengers for energy-efficiency standards and labeling communications programs 
include: national consumer groups, government agencies, utility companies, and local citizens or 
women’s groups.  It is often helpful to go back to the program’s needs assessment to verify the 
communications channels that consumers use to get information about energy.  
It is useful to share printed materials, messages, website content, and other information on efficiency 
standards/labeling with stakeholders.  Local organizations are especially effective “ambassadors” for a 
program because their relationships with consumers may be stronger, more consistent, or better trusted 
than those of national government agencies. 
Consumer organizations can also play a powerful role.  In many countries, their mandate and experience 
places them in a strategically important position with consumers.  These organizations may be 
accustomed to conducting product tests and launching public-information campaigns for social objectives, 
for example health protection or anti-smoking, and thus may be well positioned to also support public 
education about energy efficiency and conservation.  Their support or formal “endorsement” of standards 
and labels can help motivate consumer preferences for energy-efficient equipment and change 
consumption patterns.  Their leadership as consumer advocates can also encourage industry due 
diligence. 
In Vietnam, a group of grassroots organizations under the guidance of the Vietnam Energy Conservation 
Program (VECP) developed children’s booklets on energy conservation between 1999 and 2003. These 
grassroots organizations were not only the creators, they were also the distribution channels for 
thousands of the booklets as well as collectors of valuable feedback.  The feedback mechanism used in 
this campaign was a simple receipt which recipients (such as school teachers or community action 
organizations) signed, indicating how many booklets they had received, where they lived, and any 
comments for future issues.  This simple feedback mechanism allowed implementers to track the 
penetration of 10,000 booklets into communities as well as to gain valuable commentary and suggestions 
for subsequent publications. 
Finally, it is useful to take advantage of the fact that manufacturers and retailers share consumers as a 
target audience.   Having met standards or labeling requirements, manufacturers are natural allies in 
marketing, promotions, or advertising for efficient products.  Retailers, who play a critical role in consumer 
transactions and appliance/equipment purchases, are also ideal partners. Sales training is an important 
part of a communications campaign if resources allow. 
In Korea, for example, the Citizens Alliance for Consumer Protection of Korea (CACPK) promotes 
environmentally conscious consumer behavior.   In 1994, the group launched a nationwide survey on 
consumer behavior, which served as a basis for subsequent campaigns promoting sustainable energy 
and consumption patterns.  The group also worked to expand the national energy-efficiency labeling 
program through workshops, government lobbying, and outreach to industry.   Thus, the partnership 
supported two program goals: creating consumer awareness about energy use and responsible 
purchasing and recruiting industry partners into the voluntary labeling program. Consumer organizations 
have developed other-broad based campaigns in Korea on efficient lighting and household energy 
conservation.   All these activities have benefited from close collaboration between the government and 
non-governmental agencies [9]. 
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Step 5:  Develop and Test Messaging 
Having completed the previous steps, implementers now have enough information to develop messages 
to communicate about their program, following these basic guidelines:  
 
Simplicity 
Messages should be as simple as possible, relevant to the audience(s), and focused on benefits.    
Messages should make the desired behavior—use of efficiency labels—attractive and easy, 
demonstrating benefits to consumers, e.g. energy savings and beyond.  In the U.S., monetary savings 
(including quick payback in exchange for investment in a higher-priced product) is a strong consumer 
motivator about efficiency. In some developing countries, messages that tap into a sense of national pride 
may resonate more strongly.  Another key motivator may be helping the country or national economy.  
This list below shows possible motivations/messages that might be employed: 

• save money 
• help the environment 
• improve health 
• help/support the country 
• have social/civic responsibility/pride  
• make the right/smart choice (self assurance or esteem) 
• increase convenience 
• increase comfort 
• select more/better choice 
• enjoy better quality 
 

Implementers should not make the mistake of developing complicated or highly technical text, graphs, 
charts, or other communications.  Messages should be factual enough to be compelling, but user friendly.  
Technical or administrative details can doom a well-intended communications piece meant for the 
average consumer.  Know the audience and design messages that are appropriate.   Key messages 
focused on regulation and function are appropriate for manufacturers and retailers.   Messages based on 
label usage/understanding or efficiency benefits are appropriate for consumers. Agency acronyms and 
other jargon should be avoided. 
 
Consider Cultural/Societal Attitudes  
Messages must be compatible with cultural norms.  In one unusual but interesting example of cultural 
sensitivity in a developing country that would be crucial to a communications campaign, high consumption 
of electricity was found to be an acceptable social norm, an indicator of status, especially among middle- 
and upper-class families.  People felt they had worked hard to obtain their income and deserved to 
consume all the resources their household could afford.  In such a context, consumers may construe 
energy conservation or efficiency as incompatible with socio-cultural norms.  
In the U.S., “energy conservation” is often equated with personal sacrifice in comfort or level of service.  
“Energy efficiency” has positive connotations, equated with advanced, state-of-the-art technologies, 
monetary savings, comfort, quality, and environmental protection.  Focus groups conducted by the 
Alliance to Save Energy have demonstrated a preference for using “energy efficiency” rather than “energy 
conservation” and, as a result, energy efficiency is used more consistently in communications campaigns 
in the U.S [5]. 
Implementers should verify expected cultural attitudes through market research, and create messages 
that work best for the consumers in the country. 
 
Personal Relevance 
Beyond primary messages about energy/money savings, communications are most effective if they 
convey how efficient choices are personally relevant to consumers.  Messages should tie into motivations 
of target audiences and, if possible, make an emotional connection, which, for consumers, might include 
statements such as “energy efficient products with the (government’s) label are the right choice for your 
family” or “efficient products improve the comfort of your home and protect the quality of your 
environment.”  Messages to retailers might include the added value of product differentiation or highlight 
that a variety of efficient product selections in store and properly labeled will improve customer service 
and increase sales volume.  
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Address (Perceptions about) Outcomes 
Social science research has found that the most important determinants of behavior are attitudes and 
beliefs about consequences.   The more a consumer believes that engaging in a behavior will lead to 
positive consequences, the more positive her or his attitude will be.  A wide variety of motivators and 
messages may be effective. The most promising strategy is to blend various messages and test them to 
find out which ones resonate best with consumers. 
Results of some studies in the U.S. have found that money (specifically saving money on utility bills) is 
the single greatest motivator for purchases of energy-efficient products. In contrast, research in India 
found that a label that showed a hand holding money (representing the monetary savings of efficient 
appliances) was viewed by some consumers as an unappealing symbol of greed.  
After money, concern for the environment is an important secondary motivator in the U.S.; choice, quality, 
comfort, and, to a lesser extent, civic pride are also effective.   Examples of effective phrases include, 
"environmental benefit," "less air pollution," "better choice," "higher quality, comfort and convenience," 
and words that convey a sense of social/civic responsibility inherent in energy efficient behavior or a 
sense that a consumer is “doing her part.”   
Awareness of energy efficiency can be negligible, favorable, or very diverse. Research shows that energy 
efficiency is an amorphous concept to many people and has different meanings to different consumers.  
Many consumers do not know enough about energy-efficient measures in their home to assess costs and 
benefits or to analyze lifetime product savings versus first cost.   Understanding particularly breaks down 
when consumers are asked about specific measures or behaviors they can adopt to be more energy 
efficient.   While efficiency may not be at the front of consumers’ awareness, it is still often viewed as a 
desirable attribute because of its individual or societal benefits. 
Communications campaigns should always accentuate the positive and focus on the range of benefits 
and outcomes that consumers will enjoy as a result of seeking out and selecting labeled equipment.  Dry, 
factual messages will have less impact than positive, beneficial statements.  Many early energy-
information programs failed because they simply made information available without a serious effort to 
use psychologically motivating messages. It also helps to place energy-efficiency messages in a broad, 
societal context that consumers can rally around.  Canada’s “One Tonne Challenge” initiative encourages 
citizens to take action on climate change following a step-by-step guide that includes energy efficiency 
and proper use of government efficiency labels. The overall tone is positive, motivating, and personally 
relevant.  
 
Information on available incentives and rewards -- through rebates, discounts, favorable pricing – should 
also be included in consumer messaging, as these are strong motivators toward first-time purchase or 
even long-term behavior change. 
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Figure 1: Canada’s One Tonne Challenge Brochure 
 
 
Address Literacy and Language Issues 
Implementers must consider the literacy levels of the program’s audiences.  In developing countries, 
materials aimed at rural audiences generally benefit from minimal text, familiar language, and culturally 
appropriate messages.  Communications materials may have to be translated into multiple languages as 
has been done in Canada in the ads shown in Figure 2.  
 
Design Label for Maximum Consumer Understanding  
The efficiency label itself is a powerful communication tool, so its design is an important element of the 
program’s communications strategy.  The label must be visually striking and convey information quickly 
and intuitively although most international comparative information labels fit one of three primary 
categories, the optimal label design in any given region will have a strong cultural dimension and should 
be carefully determined based on quantitative and qualitative market research.  International experience 
suggests that the appearance of an energy label is one of the fundamental factors that influence its future 
impact.   Good label design needs to be supplemented with effective communications about the program 
and its benefits.   Many labels convey too much technical information that, in many cases, the consumer 
may not use or simply find uninspiring or unmotivating.  Labels must be simple and easy to understand, 
perhaps accompanied by supplemental information such as a brochures or users manuals. 
 
Pre-Testing of Communications  
If time and resources permit, pre-testing campaign messages can be enormously beneficial. Pre-testing 
often means presenting the campaign items to a subset of consumers such as a focus group composed 
of members from the target audience and an array of grassroots organizations. Pre-testing can reveal 
whether the information presented is clear, effective, and motivational. 
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Figure 2: Natural Resources Canada ENERGY STAR Ads in English/French 
 
A recent focus-group study in China found that participants perceived a particular label as easiest to 
understand, even though corresponding comprehension tests found it was the least likely to be correctly 
understood.  This demonstrates a very important factor in communications about energy programs, 
namely, that consumer perceptions of what is easiest to understand do not necessarily correlate with 
actual levels of comprehension.   It's possible that many of the factors consumers found appealing about 
the design were actually distracting them from the main message.  Such responses are rarely predictable.   
 
Step 6:   Design the Communications Plan 
For years, communications experts have tried to identify factors that determine behavior and generate 
public will.  Although there is still much progress to be made, one common conclusion is 
information/education alone does not change behavior.  Research in the field of environmental education 
and social marketing shows that key factors in changing behavior involve perceived self-efficacy 
(perceived capability to perform the behavior); perceptions about what others, such as friends and family, 
are doing (social norms); and perceptions about what others want us to be doing (subjective norms). 
Research also shows that there is no set cause-and-effect progression from knowledge and awareness of 
an issue like energy efficiency to attitude and behavior change. Thus, campaign designers must pay 
attention and link traditional media and behavior-change strategies with on-the-ground community action 
to make the social/policy environment/infrastructure supportive of desired campaign results.  The most 
effective energy-efficiency campaigns borrow from social marketing models by addressing barriers to, as 
well as benefits of, energy efficiency as they develop communications campaigns. 
 
Previous standards and labels communications campaigns also reveal these lessons: 

1. It is much easier to influence consumers who are actively engaged in appliance purchases than 
to influence the general public. 

2. Retail appliance sales representatives have substantial influence on consumer choice.  Incentives 
oriented to retail sales representatives coupled with simple sales tools can help sales 
representatives influence consumer product selections. 

3. Direct financial incentives to consumers may not be necessary, especially when consumers are 
already intending to purchase an appliance and the goal is to get the consumer to upgrade by 
purchasing a more-efficient model. 
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The most effective communications campaigns use a variety of tactics to increase awareness throughout 
the product distribution chain and among consumers.  Primary  tactics should reach consumers at the 
time of purchase.  Secondary tactics should help develop the infrastructure for a broad communications 
campaign to consumers, e.g.  government website, hotlines/databases of labeled or top-performing 
products, community workshops, sales training for retailers, retailer displays and promotions, and 
advertising.  Messages should be consistent among all strategies, for each target audience identified.   
Commonly used communications tactics include: 

• Internal communications, 
• Presentations to industry/manufacturer/partner groups, 
• Consumer brochures or action guides, 
• Community workshops and outreach activities, 
• Outreach via local utilities, 
• Government websites/telephone hotlines, 
• Media outreach/public relations, 
• Sales training/sales workshops, 
• Retailer/distributor displays and promotions, and 
• Advertising (paid spots or public service announcements). 
 

The Czech Republic uses a mixture of tactics and dissemination channels. SEVEn, the Czech Energy-
Efficiency Center, opened an internet portal (www.uspornespotrebice.cz) as a part of the Pan European 
Database of Energy-Efficient (PADE) appliances project supported by the E.U. The portal provides Czech 
consumers with information about energy demand of white goods sold on the domestic market, and 
labelling/energy efficiency in general.  Another project, Energy-Efficiency Labeling of Large Household 
Appliances (ELAR), reaches producers, distributors, and sellers of appliances. ELAR helps turn energy 
label usage statutes into a marketing benefit for businesses, and therefore into better awareness for their 
customers.  Finally, the “Transforming the Market for Energy-Efficient Appliances and Products through 
the Use of Appliance Information Systems” (TREAM) project creates educational programs about energy 
efficiency for students and the general public [9]. 
Tertiary tactics for labeling programs with acceptance in the market often include awards programs, e.g. 
Australia’s Top Energy Saver Award, Korea’s Energy Winner Award, Japan’s Top Runner, and the U.S. 
EPA ENERGY STAR Award.   These awards programs give an incentive to manufacturers, as well as an 
opportunity to promote energy efficiency more generally.   
New Zealand, as a new ENERGY STAR international partner, began educating around energy efficiency 
and qualified electronics equipment in 2005.  EECA, New Zealand's implementation agency, uses retail 
brochures and customer sweepstakes -- along with other communications tactics – to reach sales staff 
and consumers.    Materials emphasize product benefits, define energy efficiency, and explain EECA's 
role as shown in Figures 3 and 4. 
Community-based outreach and collaboration with consumer groups can be tremendously helpful in any 
communications campaign and are often the most cost-effective tactics.   Program implementers should 
ever underestimate the role community, friends, and family can play as sources of consumer information.   
Trustworthiness and credibility make a great difference in a message’s effectiveness.  This fact helps 
explain the strong influence of information from (non-expert) friends and relatives on household appliance 
purchasing decisions.  Studies in the U.S. indicate that 64% of consumers consult with friends and 
neighbors for information on appliance, home electronics and lighting purchases as shown in Figure 5 [1].   
Consumers tend to base their decisions on information that captures their attention and wins their 
confidence.    Programs should employ tactics that have this appeal and evoke similar trust among 
consumers. 
Many regional ENERGY STAR partners in the U.S. focus primarily on the retail sector for marketing the 
benefits of efficient products to consumers through: sales training; placement of communications 
materials, posters, and signage in stores; and proper stocking and labeling of qualified equipment.   
Utilities, retailers, and lighting manufacturers, for example, collaborate on product discounts and special 
lighting displays in retail stores to promote sales of energy-efficient lighting fixtures and bulbs [8]. Local 
partners can sponsor educational events, clinics, and workshops to promote energy efficiency and 
efficient products.   If these channels or relationships do not exist in an area, policy makers can, at a 
minimum, develop and maintain strong ties with local energy/efficiency authorities or  
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Figure 3: New Zealand Retail Materials 
 
 

 
Figure 4: New Zealand Sweepstakes Materials 
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utilities.  These groups can help share information with local citizens through utility-bill statements, bulletin 
boards, public meetings, and other channels. 
After the initial stages of introducing a program, a communications campaign can take anywhere from 
three months to three years to reach and begin influencing consumers.  A campaign should be developed 
in stages with enough lead time to work with third-party distribution channels, such as retailers or buyers 
groups.  Programs aimed at creating preferences for energy-efficient products require long-term 
information and marketing strategies.  
China’s refrigerator industry is the world’s largest. A project funded by the Global Environment Facility 
(GEF) through the United Nations Development Program (UNDP) and the UN Foundation to transform 
the Chinese refrigerator market is one of the best current examples of how technical assistance by 
CLASP, U.S. EPA’s ENERGY STAR program, the United Nations Department of Economic and Social 
Affairs (UNDESA), and others helped China undertake an integrated marketing approach, from research 
to end results.  
Project partners identified nine barriers to the widespread adoption of energy-efficient technologies in 
China.  These barriers ranged from lack of consumer awareness about the life-cycle economic benefits of 
high-efficiency refrigerators to lack of reliable, comparative information about specific models.   
A new endorsement label was designed, market tested, and inaugurated in 1999; household refrigerators 
were the first products labeled.  After labeling, the project’s first “market pull” activities (aimed to increase 
demand) were retail training and recycling programs.   
The project included a mass-communications campaign, in which contracts for creative content 
development, media placement, public relations, and consumer surveys were competitively bid.  The 
US$3 million communications campaign included prints ads, bus shelter and subway posters, elevator 
posters and postcards, in-store materials, TV ads, and other mass-media tools. 
In addition to the consumer education campaign, “market push” activities were initiated, including 
refrigerator and compressor incentive programs for manufacturers.  The success of the manufacturer 
initiative led four more refrigerator manufacturers than originally anticipated to request admission to the 
project, for a total of 16 manufacturers (representing nearly 90% of production and sales).  Retail 
incentives, salesperson awards, purchaser awards, and consumer education programs were all 
undertaken to make consumers aware of the advantages of energy-efficient refrigerators.   
A mass-purchase program is leading to new energy-efficient refrigerator specifications, mass-
procurement procedures, and identification of potential large-scale purchasers of energy-efficient 
refrigerators.  A recycling program is being developed to promote retirement and environmentally 
responsible recycling of old, inefficient refrigerators.  
The project obtained commitments from each participating refrigerator manufacturer to design one new 
top-rated equivalent refrigerator (that consumes less than 55% of the current energy use); improve the 
efficiency of the average refrigerator by at least 10%; and invest at least 10% of advertising budget to 
promote energy efficiency.  The communications campaigns were followed by surveys (funded by 
UNDESA) to gauge consumer responsiveness to the labels and evaluate consumers’ increased 
awareness levels.   
With all of these measures, the initial overall project goal of 20 million refrigerators sold, yielding lifetime 
product emissions reductions of 100 million tons of CO2 and energy savings of 66 billion kWh, is expected 
to double, making it one of the most successful campaigns to date for helping the local and global 
environment.   
 
Step 7:  Evaluation 
The broadest definition of the evaluation process starts with campaign planning and needs assessment. 
As needs are assessed and research is gathered to determine initial awareness, context, and behaviors 
related to efficiency, a type of evaluation is already in progress.  The baseline data and context 
information collected beforehand will help measure changes attributable to the communications 
campaign.  It is important to design an evaluation strategy before implementing the 
communications campaign.  Whenever possible, it is best to track changes through the course of a 
campaign, using several data collection points. The focus should be on looking for trends in the data, and 
policy makers should be prepared to alter tactics to take advantage of lessons learned from evaluations.   
Beyond effective communications and messaging, evaluation also helps to reveal market barriers to 
energy efficiency 
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Figure 5:  Info Sources that Consumers Consult 
 
Conclusion 
 
In summary, the following guidelines can be suggested for communications campaigns for energy 
standards and labeling: 

1. Include a communications campaign at the outset of the design of a standards-setting and labeling 
program, setting aside budget for this activity and securing stakeholder support for the task. 

2. Give special consideration to specifying clear goals and desired outcomes of the campaign. 
3. Focus on specific target audiences for each element of the campaign.  
4. Develop a well-articulated messages that encapsulate the campaign.  
5. Choose an implementation strategy that can fully reach the target audience within the available 

budget. 
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6. Include industry, consumer groups, and corporate retail representatives as campaign partners. 
7. Choose a realistically long timeline for the campaign (because people change slowly). 
8. Remain flexible to make mid-course corrections to campaign messages, information distribution, 

or overall strategy. 
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Abstract 
In July 2000, the Energy Saving Trust established the Energy Saving Recommended product labelling 
scheme to direct consumers to the most energy efficient products in the market. By using the Energy 
Saving Recommended label across the 19 different product groups, manufacturers, suppliers and 
retailers can help consumers to reduce their energy consumption and carbon emissions. The 96 
certified manufacturers and suppliers contribute to over 1700 products, all available through a publicly 
accessible online database. 
Where products can be differentiated by their energy efficient properties, the Scheme aims to endorse 
the top 20% of products in class. This aim is realised through a consistent standard revision process 
for each of the product groups. Between April 2005 and March 2006, nine product standard revisions 
were completed. The Scheme continues to expand through:   

• a thorough standard-setting and revision process that gathers industry support and 
commitment, calculates the energy savings derived from endorsement, details the current and 
projected product sales with and without endorsement, and sets clear objectives; 

• providing manufacturers and suppliers with a detailed future direction on product standards; 
• a strong working relationship with partners (e.g., the Partnership’s industry sector working 

groups provide market perspective, Defra’s Market Transformation Programme provides 
technical support and ensures coherency with wider Government policy; all proposals for 
standard revision are peer reviewed by an independent panel of experts); and  

• the legal rights afforded from the label’s certification mark status allows enforcement activity. 
Regular product compliance and label monitoring exercises build on the credibility of the label. The 
Scheme constantly looks for ways to further embed itself within the marketplace and frequent 
evaluation exercises confirm that both consumers and the trade recognise the label and indicate that 
it influences consumers purchasing decisions, leading to improvements in environmental quality.   
By using an approach embracing national and international best practice, the Scheme will continue to 
grow in effectiveness, building on enforcement activities, invoking continual improvement and 
benchmarking and fostering greater links with the industry. 
 
 
Introduction 
 
Carbon dioxide (CO2) emissions from the domestic sector represent 27% of the UK’s total emissions 
[1]. These emissions make a significant contribution to global warming and associated climate change 
and provide policy makers with a significant challenge. One of a number of tools within environmental 
policy used to counter this challenge are Environmental Product Information Schemes (EPIS) – 
systems which provide ecological information on products and services [2]. EPIS cover mandatory 
and voluntary approaches, independent, third-party labelling and self-declared green claims by 
companies. EPIS highlight products’ environmental credentials, quality and performance. The 
International Standards Organisation (ISO) provides’ standards and operating principles for EPIS, and 
creates a benchmark for measuring best practice. The UK’s Energy Saving Recommended product 
labelling scheme is an example of an EPIS, encompassing its own compliance testing, enforcement 
activity and evaluation for environmental effectiveness and improvements in environmental quality.  
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Background 
 
ISO have provided a set of general operating principles for EPIS. The package of nine general 
principles for environmental labels sets the standard for best practice and creates a useful tool for 
assessing EPIS; the principles are presented below in table 1.  
 
Table 1: Environmental Labels and Declarations – General Principles  
Ref Principle 
1 Environmental labels and declarations shall be accurate, verifiable, relevant and not misleading 
2 Procedures and requirements for environmental labels and declarations shall not be prepared, 

adopted, or applied with a view to, or with the effect of, creating unnecessary obstacles to 
international trade. 

3 Environmental labels and declarations shall be based on scientific methodology that is 
sufficiently thorough and comprehensive to support the claim and that produces results that are 
accurate and reproducible 

4 Information concerning the procedure, methodology, and any criteria used to support 
environmental labels and declarations shall be available and provided upon request to all 
interested parties. 

5 The development of environmental labels and declarations shall take into consideration all 
relevant aspects of the life cycle of the product. 

6 Environmental labels and declarations shall not inhibit innovation which maintains or has the 
potential to improve environmental performance. 

7 Any administrative requirements or information demands related to environmental labels and 
declarations shall be limited to those necessary to establish conformance with applicable 
criteria and standards of the labels and declarations. 

8 The process of developing environmental labels and declarations should include an open, 
participatory consultation with interested parties. Reasonable efforts should be made to achieve 
a consensus throughout the process. 

9 Information on the environmental aspects of products and services relevant to an environmental 
label or declaration shall be available to purchasers and potential purchasers from the party 
making the environmental label or declaration. 

Source: British Standards Institution [3] 
 
Classification of Environmental Labels and Declarations  
In addition to the general operating principles for environmental labels, ISO has identified three 
classes of environmental labels and published standards on each of them; the definitions are 
presented in table 2 below. 
 
Table 2: ISO Classification of Environmental Labels and Declarations  
Ref Definition 
Type I Voluntary, multiple-criteria-based third party programme that awards a license which 

authorises the use of environmental labels on products indicating overall environmental 
preferability of a product within a particular product category based on life cycle 
considerations.  

Type II A self-declared environmental claim is an environmental claim that is made, without 
independent third party certification, by manufacturers, importers, distributors, retailers or 
anyone else likely to benefit from such a claim.  

Type III Quantified environmental data for a product with pre-set categories of parameters based 
on the ISO 14040 series of standards, but not excluding additional environmental 
information provided with a Type III environmental declaration programme 

Source: British Standards Institution [4], [5] and [6] 
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Prior to the standards and definitions for environmental labels and declarations published by ISO, the 
U.S. Environmental Protection Agency (EPA) produced a defining classification for environmental 
labels, presented in figure 1 below.  
 

Third-party environmental labelling 
programmes

Mandatory Voluntary

Information 
disclosure 

(e.g. US 
EPA fuel 
economy 

label)

Hazard or 
warning 

(e.g. 
Pesticides 
Proposal 

65)

Environmental 
certification 
programmes

Report 
Card

Seal of 
approval

First-party environmental labelling 
programmes

Product-related Corporate-related

Cause-related 
marketing 

(e.g. ‘proceeds 
donated to …’)

Claims 
(e.g. 

recyclable)

Promotion of 
corporate 

environmental 
activity or 

performance

Cause-related 
marketing 

(e.g. company 
supports 
WWF)

On 
products 
or shelf 
labels

In 
advertise-

ments

Single-
attribute 

certification

 
Figure 1: Classification of Environmental Labelling  
Source: U.S. EPA [7] 
 
 
In 2005 Rubik and Frankl revised the 1998 EPA classification for environmental labels and 
declarations and presented the schematic within the terms of the ISO standards for Type I, II and III 
labels and declarations (figure 2).   
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Figure 2: Classification of Environmental Product Information Schemes  
Source: Rubik and Frankl [2].  
EPD = environmental product declaration; FSC = Forest Stewardship Council; R&S = risk and safety 
 
 
Environmental Effectiveness and Success of Environmental Product Labelling Schemes  
The United Nations Environment Programme (UNEP) recently reported [8] on an investigation into the 
current understanding on the environmental effectiveness of ecolabelling. After reviewing five 
ecolabelling programmes, including the Blue Angel programme and labels in the marine, forestry, 
organic and fair-trade sectors, the report concluded that there was not adequate data on their 
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environmental effectiveness. None of the five selected ecolabelling programmes had a monitoring 
system in place to assess its environmental effectiveness. Furthermore, it concluded that this was a 
problem endemic across ecolabelling in general. Rubik and Frankl reached a similar conclusion after 
conducting a review of environmental effectiveness studies on eco-labelling programs for their 2005 
publication. The notable exception was the study performed on the White Swan in 2000 [2]. The 
review of the EU Eco-label, a process which started in 2004, is nearing conclusion and a recent report 
confirmed the concerns over the effectiveness of the label. No quantifiable environmental 
improvements were presented, and the issue of low awareness and recognition was confirmed. A 
significant change to the scheme remains an option; the Commission will consider the 
recommendations and decide on the future of the scheme later in 2006 [10]. Considering single issue, 
ISO type I-like labels, in a recent paper on the EU Energy Star, the European Commission confirmed 
that it has not conducted a study on the environmental effectiveness of the programme, but 
nevertheless does consider that the programme has contributed to an improvement in the energy 
efficiency of office equipment [9].   
In the absence of studies into environmental effectiveness, reliance typically is placed instead on less 
reliable proxy indicators of effectiveness. The UNEP report identified two types. Quantifiable 
performance data covers for example the number of product categories, the frequency of criteria 
upgrade and the number of companies and products certified. Qualitative information on the credibility 
of the labelling scheme refers to the process undergone for developing the ecolabel and the names 
and types of organisations that endorse and support it. The report further concludes that the ISO 
14020 series of standards has not succeeded in promoting a more considered use of the term 
ecolabel and calls for a more refined and comprehensive methodology for categorising ecolabels. 
UNEP reported that, whilst effectiveness must be measured by environmental improvements, on a 
practical level success is often measured by proxy indicators of the label’s scope of influence, rather 
than its impact. Quantifiable indicators of success include market share, adoption rates, consumer 
awareness and frequency in the upward revision of criteria. These are effectively the measures by 
which labels can bring about desired market transformation. Furthermore, the report concluded that 
the most successful ecolabels do not simply address consumer preferences but are designed as a 
complement to other policy initiatives. Product labelling needs to be integrated with other 
environmental policy instruments and to be part of a coherent policy-making structure. Effectiveness 
therefore depends on the ecolabel’s interaction with other policy initiatives and their success.  
 
National and International Context 
 
It is an important year for developing product policy both within the UK and internationally. Within the 
UK, the Budget 2006 announcement of voluntary schemes included the potential for labelling in the 
retail sector to encourage the purchase of more efficient alternatives in consumer electronics. Also, 
the UK Government has committed to deliver an action plan by the end of the year for the 
development of sustainable products as announced in its Sustainable Development Strategy – 
Securing the Future.  Finally, the UK is hosting the 4th International EEDAL conference. At the 
European level, there are the 14 product-group studies that will identify prospective implementing 
measures for the Eco-design directive for energy-using Products.  Also, at the European level there is 
the progression of the EU’s Green Paper on Energy Efficiency and the review of the Energy Labelling 
Framework Directive. Internationally, the Taskforce for Sustainable Products (ITFSP) is developing 
coordinated action focusing particularly on lighting and consumer electronics. The Task force is 
mapping existing product standards and mandatory and voluntary labelling initiatives [11].  Following 
the G8 Plan of Action on Climate Change, Clean Energy and Sustainable Development, the 
International Energy Agency has been charged with reviewing existing global appliance standards 
with a view to building co-operation in the future development of labels and standards [12].  The 
Communities of Practice initiative, led by the Asia-Pacific Economic Cooperation’s Energy Standards 
Information System, aims to provide an open and transparent forum for input and collaboration among 
stakeholders in particular product groups. There are currently developed Communities of Practice in 
CFLs [13], set top boxes [14] and standby power consumption and emerging groups in motors.  
Further groups are expected. 
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Energy Saving Recommended 
 
The Energy Saving Recommended Scheme was established at the request of the UK Department for 
the Environment and launched in July 2000. Energy Saving Recommended is a voluntary product 
labelling scheme for domestic energy saving products (figure 3) and is classified as an ISO Type I-like 
environmental labelling scheme according to the Rubik and Frankl classification. Its broad aim is to 
signpost consumers to the most energy saving products in the market. Through Government funding, 
the Energy Saving Trust can use Energy Saving Recommended as a tool to deliver energy and 
carbon savings via its interaction with the various energy efficiency stakeholders in the UK. The scope 
of the Scheme, its key working principles, the evaluation exercises conducted on it, and the 
monitoring and compliance activities that support it, are reported on below. 

 
Figure 3: Energy Saving Recommended Certification Mark  
Source: Energy Saving Trust [15] 
 
Scope 
Over 1700 products, 96 manufacturers and 32 retailers are certified under the Scheme. All members 
of the Scheme and the certified products are available for public viewing on a database 
(www.est.org.uk/recommended).  The validity and integrity of the data presented to the public is 
maintained through a six-weekly review of the certified products. This process involves making 
contact with each member every six-weeks and seeking confirmation that the certified products are in 
production and available for purchase in the UK.   
The scheme has endorsement criteria established in 19 different product groups covering the five 
dominant sectors of the market responsible for products that save energy in the home. The product 
groups, sectors and the number of certified products within each are presented in table 3 along with 
the method of conformity assessment (independent, third-party testing or manufacturers’ self-
declaration). The endorsement criteria for each of the 19 product groups are defined in table 4.    
The policies, processes and procedures utilised in operating the scheme all stem from the Scheme 
Rules [15] – the document necessary to register the label as a certification mark with the UK Trade 
Marks Registry. The Scheme’s endorsement criteria, its targets for setting and reviewing these 
criteria, its policies on monitoring and compliance, label usage and complaints and the process for 
registering with the Scheme, are all included within the Rules. Once completed, the Rules form a 
contract with the Member and serves as a licence for using the label. These elements are explored in 
greater detail below.  
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Table 3: Defined Sector and Product Scope; Energy Saving Recommended Product Labelling 
Scheme  
Sector   Product Group Approval Format Spread 

Cold Appliances Self Declaration 108 

Washing Machines Self Declaration 77 

Dishwashers Self Declaration 117 

Electric Tumble Dryers Self Declaration 20 

Integrated Digital Televisions Self Declaration 46 

Appliances  
 
(White & Brown 
Goods) 

Energy Saving Mains Controllers Third Party Testing 0 

Natural Gas and LPG Boilers Third Party Testing 468 

Oil Boilers Third Party Testing 79 

Gas Central Heating Controls Self Declaration 298 Heating 

Hot Water Cylinders Third Party Testing 1 

Cavity Wall Insulation Third Party Testing 7 

Loft Insulation Self Declaration 16 

External Wall Insulation Third Party Testing / 
Self Declaration 

7 Insulation 

Dry Lining Insulation Third Party Testing 1 

Compact Fluorescent Lightbulbs (CFLs) Third Party Testing 158 

Candle Effect CFLs Third Party Testing 12 

Halogen Bulbs Third Party Testing 1 Lighting 

Dedicated Low Energy Luminaires  Third Party Testing 276 

Glazing Windows Third Party Testing 14 
Source: Energy Saving Trust [15]. Figures correct as of 31 March 2006 
 
Key Working Principles 
Four particularly significant aspects of the Energy Saving Recommended scheme have been singled 
out for further elaboration below.  
 
Certification Mark Status 
The Energy Saving Recommended label is a registered certification mark with UK Trade Marks 
Registry. A certification mark goes a step further than a trademark. Presence of a certification mark 
indicates that the product on which it is used is certified in respect of a particular characteristic.  In the 
case of Energy Saving Recommended, the characteristic is its energy saving potential. Having 
certification mark status grants the label legal enforcement rights. These rights benefit the credibility of 
the Scheme by allowing misuse of the Mark to be effectively followed up and rectified.  
 
Standard Setting and Review Process 
The standard-setting process is supported by a detailed procedure for justifying the endorsement of 
the product category. The procedure involves: specifying the energy savings endorsement would 
deliver; forecasting future sales with and without endorsement; defining objectives for endorsement 
and setting milestones for their review; explaining how product endorsement complements the wider 
national and international product policy agenda; and specifying details of stakeholder support e.g. 
manufacturers, suppliers, associations, NGOs etc. Once established, the Scheme has an objective to 
review the product endorsement criteria on an annual basis.  The nine endorsement criteria reviews 
conducted and completed in financial year 2005/6 are presented in table 5. The endorsement criteria 
review procedure involves addressing similar areas to that answered in the original justification. This 
ensures that the continued argument for endorsement remains valid. The Scheme has an objective, 
where product groups can be differentiated by their energy efficiency properties, to endorse the top 
20% of the market. The objectives set for the programme and the procedures established for their 
delivery helps to ensure objectives continue to be met.    
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Table 4: Product Groups and Endorsement Criteria  
Product Group Criteria 
Cold Appliances EU Energy Label A+ for Energy and above 
Washing Machines EU Energy Label AAA (Energy, Spin Efficiency and Wash Performance) 

Dishwashers 
EU Energy Label AAA (Energy, Dry and Clean) plus the EU Eco-label 
criteria for water consumption (<0.625s+9.25 litres where s is the number 
of place settings). 

Electric Tumble Dryers EU Energy Label B for Energy and above. EU Energy Label C for Energy 
when combined with an automatic drying function 

Integrated Digital 
Televisions 

Less than or equal to 1.5W on standby and less than or equal to 250W on 
on-mode 

Energy Saving Mains 
Controllers 

Automatic switch off of desktop computer peripherals when computer is 
switched off with ≤1W power consumption in standby mode and 
conformance with: BS 1363-2:1995 and BS 5733:1995  

Natural Gas and 
Liquid Petroleum Gas 
(LPG) Boilers 

SEDBUK band A 

Oil Boilers 
SEDBUK band A. Manufacturers must make a commitment to contribute 
sales figures of endorsed boilers into a bonafide industry led data 
collection scheme. 

Gas Central Heating 
Controls 

Conformance with at least the basic recommendations within the Energy 
Efficiency Best Practice for Homes’ Central Heating System Specification 
(CHeSS) guide 2005. Product instruction booklets must display at the front 
the Plain English Campaign approved explanatory text. 

Hot Water Cylinders Conformance with Note 8 of CHeSS, 2002 
Retrofit Cavity Wall 
Insulation: mineral 
wool & polystyrene 
beads 

BBA certified conformance with BS 5628-3:2001 BS 8208-1:1985 BS 
8000-3:2001 and BS 476-4:1970. Products must be accompanied by an 
independent 25-year guarantee against defects in workmanship and 
materials 

Loft Insulation EN 13162 and BS 5803 parts 2, 3, 4 and 5. Thickness required 270mm 

External Wall 
Insulation 

BBA or Wimlas registered; certified products meet BS 5262:1991, fitted to 
the Energy Efficiency Best Practice for Homes’ publication External 
Insulation for Walls of Dwellings; guarantee ≥10 years 

Dry Lining Insulation A U value of 1.58 W/m2K for flexible linings or 0.45 for thermal board 
Compact Fluorescent 
Lightbulbs (CFLs) Energy Saving Trust Lamp Specification v4 

Candle Effect CFLs Energy Saving Trust Lamp Specification v4 
Halogen Bulbs Energy Saving Trust Lamp Specification v4 
Luminaires  Low Energy Luminaires Specification 2001 
Windows British Fenestration Rating Council’s Window Energy Rating C or above 

Source: Energy Saving Trust [15]  
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Table 5: Product Standard Revisions in 2005/6  
Product 
Group 

Date of 
Review 

Previous Criteria Revised Criteria 

Dishwashers May 2005 EU Energy Label A for 
Energy 

EU Energy Label AAA (Energy, Dry and 
Clean) plus the EU Eco-label criteria for 
water consumption (<0.625s+9.25 litres 
where s is the number of place settings). 

Natural Gas 
and LPG 
Boilers 

May 2005 SEDBUK band B or 
above SEDBUK band A 

Gas Central 
Heating 
Controls 

August 
2005 

Products conformance 
with the Energy 
Efficiency Best Practice 
for Homes’ Good 
Practice Guide 302 

Conformance with at least the basic 
recommendations within the Energy 
Efficiency Best Practice for Homes’ Central 
Heating System Specification guide 2005. 
Product instruction booklets must display at 
the front the Plain English Campaign 
approved explanatory text.  

Integrated 
Digital 
Televisions 
(IDTVs) 

August 
2005 

IDTVs using cathode ray 
tube technology with a 
standby consumption of 
less than 2W and an on 
mode consumption of 
less than 120W 

Less than or equal to 1.5W on standby and 
less than or equal to 250W on on-mode 

External 
Wall 
Insulation 

August 
2005 

British Board of 
Agrement (BBA) or 
Wimlas registered; 
certified products meet 
BS 5262:1991, fitted to 
the Energy Efficiency 
Best Practice for 
Homes’ Good Practice 
Guide 293; guarantee 
≥10 years 

BBA or Wimlas registered; certified products 
meet BS 5262:1991, fitted to the Energy 
Efficiency Best Practice for Homes’ 
publication External Insulation for Walls of 
Dwellings; guarantee ≥10 years 

Electric 
Tumble 
Dryers 

November 
2005 

EU Energy Label B for 
Energy or above 

EU Energy Label B for Energy and above. 
EU Energy Label C for Energy when 
combined with an automatic drying function 

Energy 
Saving 
Mains 
Controllers 

November 
2005 

Automatic switch off of 
desktop computer 
peripherals when 
computer is switched off 
with ≤1W power 
consumption in standby 
mode. 

Automatic switch off of desktop computer 
peripherals when computer is switched off 
with ≤1W power consumption in standby 
mode and conformance with BS 1363-
2:1995 and BS 5733:1995. 

Oil Boilers February 
2006 

SEDBUK band B or 
above 

SEDBUK rating of A. Manufacturers must 
make a commitment to contribute sales 
figures of endorsed boilers into a bonafide 
industry led data collection scheme.  

Retrofit 
Cavity Wall 
Insulation: 
mineral wool 
& 
polystyrene 
beads 

February 
2006 

BBA Certified; materials 
must meet BS 5617 and 
BS 5618 and a 
guarantee ≥10 years 

BBA certified conformance with BS 5628-
3:2001 BS 8208-1:1985 BS 8000-3:2001 
and BS 476-4:1970. Products must be 
accompanied by an independent 25-year 
guarantee against defects in workmanship 
and materials 

Source: Energy Saving Trust [16] 
 
Working Relationships and Partners 
The Energy Saving Recommended scheme benefits greatly from a networking organisation which 
aims to bring together all industries and social groups involved in the energy efficiency sector in the 
UK. The Energy Efficiency Partnership for Homes [17] is a network of approximately 380 
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organisations in the UK. The Partnership’s 17 sector working groups, including one for each of the 
industrial sectors (e.g. white goods, lighting etc) meet on a quarterly basis and provide an ideal basis 
in which to communicate with the industry and receive feedback on new product endorsement and the 
review of existing endorsement criteria.  
The Market Transformation Programme (MTP) [18] provides sector specific technical expertise and a 
linkage with the Government’s sustainable products evidence base, its wider policy network and its 
modelling capacity. MTP made a significant contribution to the revision of dishwasher, tumble dryer 
and gas central heating control criteria in the financial year 2005/6.  
The third area of third-party involvement in the Scheme is the independent peer review provided by 
the Endorsement Panel. The Endorsement Panel is a body of independent experts from a variety of 
fields including regulatory, policy, consumer support, certification and environment. The Panel meets 
on a quarterly basis to advise the Energy Saving Trust on the management of the Scheme and in 
particular considers and issues recommendations on the endorsement criteria proposals presented to 
them and on the general management of the Scheme.  
Finally, the Energy Efficiency Commitment will be utilising the product certification processes within 
Energy Saving Recommended to set the benchmark for Integrated Digital Televisions supplied to 
consumers under the Commitment. The Energy Efficiency Commitment is a requirement placed on 
UK energy suppliers to achieve defined energy savings by funding energy saving measures in the 
home. It is operated on behalf of the Department for the Environment, Food and Rural Affairs (Defra) 
by the energy regulator – the Office of Gas and Electricity Markets (Ofgem).   
 
Future Direction on Standards 
An important output of the standard-review process is the mapping of future standards of 
endorsement for the product groups. The aim is to inform the industry on where standards might be in 
one, two or three years’ time to enable them to factor these standards into the product design and 
manufacturing process.  
 
Evaluation 
The impact of Energy Saving Recommended is evaluated both through an annual survey of the trade 
sector and consumers, providing information on both its usefulness as a marketing tool for installers, 
builders, architects and other suppliers, and an assessment of its role in consumer purchasing 
decisions. The Energy Saving Trust has also conducted in-depth interviews with manufacturers, 
retailers and builders’ merchants to evaluate their views on the effectiveness of the label.  The results 
of two evaluation studies – the Customer Evaluation Study 2004-5 and the monthly consumer 
awareness evaluation reports – are summarised below. 
 
Methodology 
With regard to the customer evaluation study, nearly 5000 consumers were included in the survey 
and were interviewed via the telephone. The consumers were broken down into four groups: 

• Consumers who had contacted the Energy Saving Trust via its national network of 52 Energy 
Efficiency Advice Centres, EEAC (1851); 

• Consumers who had contacted the Energy Saving Trust through its telephone hotline (400); 
• Consumers who had contacted the Energy Saving Trust through the Energy Saving Trust 

website (239); and 
• The UK general public (2339), a proportion of which had purchased a kitchen appliance in the 

previous 12 months (1164).  
All interviewing was conducted in four distinct waves between November 2004 and September 2005. 
Each wave was timed to allow EEAC, Hotline and web customers between three and five months to 
have taken some form of action as a result of the contact they had had with the organisation.  
The Energy Saving Trust undertakes monthly surveys to assess public recognition of the Energy 
Saving Recommended label. This information is broken down further to assess recognition levels 
between different sectors of society, based on a pre-determined consumer segmentation model. 
Approximately 2000 consumers are interviewed every month and are shown various images and are 
asked whether they recognise the Energy Saving Recommended label. The results of the evaluation 
exercises are presented below according to the indicators for measuring the effectiveness of EPIS as 
proposed by the U.S. EPA [7].  
 
Results – Consumer Awareness of Energy Saving Recommended 
Table 6 illustrates the results from the evaluation exercises into consumer awareness of the Energy 
Saving Recommended label. The Energy Saving Recommended label achieved recognition rates 
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exceeding 20% in all but one month, with a maximum rating of 27% in September 2005. The average 
recognition rate over the period was almost 22%.  
 
Table 6: Recognition of the Energy Saving Recommended Label: UK General Public 

Timeframe Awareness (%) 
August 2005 21 
September 2005 27 
October 2005 16 
November 2005 21 
December 2005 20 
January 2006 25 

Source: Energy Saving Trust [19] 
 
The results from the customer evaluation study presented in table 7 demonstrate higher levels of 
awareness of the Energy Saving Recommended label. It should be remembered that the majority of 
these customers have had some interaction with the Energy Saving Trust; but it is interesting to note 
the high level of recognition from the general public who have neither purchased an appliance nor had 
interaction with the Energy Saving Trust. Unlike the results in table 6, the interviews were conducted 
over the telephone and not face-to-face; the first set of results was aided with images whilst the 
second set was unaided.  
 
Table 7: Recognition of the Energy Saving Recommended Label: Energy Saving Trust 
Customers and the UK General Public  

Customer Group Awareness (%) 
EEAC customers 56 
Hotline customers 62 
Web customers 77 
UK general public 54 
 - (Appliance Purchasers)  70 
 - (Non Appliance Purchasers) 46 

Source: Energy Saving Trust [20] 
 
Results – Consumer Trust in Energy Saving Recommended and Changes in Consumer Behaviour 
Using the information from the customer evaluation study and presenting the information according to 
customer type, table 8 shows the proportion of customers who purchased an appliance as a result of 
the presence of the Energy Saving Recommended label. 
 
Table 8: Purchase of an Appliance as a Result of the Energy Saving Recommended Label  

Customer Group Proportion of Respondents (%) 
EEAC customers 10 
Hotline customers 17 
Web customers 21 
UK general public 10 

Source: Energy Saving Trust [20] 
 
Focusing in on the UK general public group from table 8, table 9 presents a breakdown of the role of 
the Energy Saving Recommended label in the purchasing process.  
 
Table 9: Energy Saving Recommended in the Purchasing Process: UK General Public Group  
 Proportion 

Buying an 
Appliance (%) 

Proportion of 
Buyers that 
Looked for the 
Label (%) 

Proportion of 
Purchased 
Appliances that 
were Labelled (%) 

Proportion who 
would not have 
Bought without 
the Label (%) 

UK General Public 33.3 43 65 10 
Source: Energy Saving Trust [20] 
 
33.3% of the sample had bought an appliance in the last 12 months. Among those who had 
purchased, 43% reported that they either looked for or asked about the Energy Saving 
Recommended label, while 65% of purchasers reported that they actually bought an Energy Saving 
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Recommended appliance (i.e. more reported that they had actually bought an Energy Saving 
Recommended appliance than had actively looked for the label).  Overall, 10% reported that they 
bought an Energy Saving Recommended appliance and would not have bought that appliance had it 
not been labelled. The results from this evaluation study were derived from telephone interviews; they 
were not validated by for example performing a home visit to verify actual purchase of product.   
In relation to savings calculations, the key figures are the proportions that bought an Energy Saving 
Recommended appliance and would not have bought that appliance had it not been for the label. For 
10% of the general public, the ESR logo was a ‘must have’ criterion for the purchase of the appliance 
amongst the other criteria that purchasers are known to have e.g. cost, size etc.   
 
Results – Improvements in Environmental Quality 
From the action taken above, it is possible to calculate the impact on individual households, in terms 
of money saved on household bills as well as energy and carbon saved per home. Table 10 outlines 
the savings for each of the three customer groups and the general public as a result of their reported 
contact with the Energy Saving Trust and associated purchase of an Energy Saving Recommended 
appliance. The estimated savings are derived from the actions reported in table 9, which were not 
validated in the home.   
 
Developments in 2005-6 Evaluation 
The evaluation methodology is reviewed on an annual basis to incorporate changes in the scope and 
criteria for Energy Saving Recommended and to reflect the increased understanding of the use of the 
label across all audience groups. In 2005-6 the consumer survey was amended to reflect the 
influence of Energy Saving Recommended on the purchase of windows, boilers, CFLs and dedicated 
low energy luminaires. 
For all of these, like the appliance scenario, we ask whether the consumer is aware of the label, 
whether they looked for the label, whether the installer or retail/sales staff told them about the label, 
whether they purchased an Energy Saving Recommended product and whether they would still have 
bought that product if it did not have the label on it. The final question is the main criterion for 
attribution of carbon savings.  
 
Table 10: Estimated Financial, Energy and Carbon Savings Derived from the 2004-5 Consumer 
Evaluation of the Energy Saving Recommended Label’s Impact on Appliance Sales 
Customer 
Group 

Sample 
Size 

Total in 
each 
group 
2004-5 

Financial 
(£) Per 
Home Per 
Year 

Energy 
(kWh) Per 
Home Per 
Year  

Carbon 
(kg) Per 
Home 
Lifetime*  

Total Carbon 
Savings 
(tonnes) 
Lifetime 

EEAC 
customers 

1,851 
 

919,422 
 

0.86 
 

12.90 
 

22.64 
 

20,816  

Hotline 
customers 

400 
 

12,115 
 

1.60 
 

23.30 41.27 
 

500  
 

Web 
customers 

239 
 

217,898** 
 

2.66 
 

39.90 
 

70.82 
 

15,432 

UK general 
public 

2,339 
 

15,488,117 0.47 7.06 12.53 193,999 

TOTAL 4,829     230,746 
Source: Energy Saving Trust [20] 
*savings over the lifetime of the appliance – assumed to be 15 years for all appliances. 
**The web sample is collected through an internet pop up therefore it is a self selecting sample that is estimated 
to be representative of only 60% of users.  Total results are therefore adjusted appropriately.  
Notes: It has been considered that all General Public savings overlap with savings from other channels. 
Furthermore, it is considered that the survey over-estimates by double; thus figure has been halved to reflect a 
conservative approach. 
 
Monitoring and Compliance 
The Energy Saving Trust undertakes compliance testing on Energy Saving Recommended products 
in order to ensure that they meet the criteria to which they are certified. This testing occurs on two 
levels. Firstly, a contracted test house assesses compliance with the product performance criteria and 
secondly, products are assessed for correct usage of the Energy Saving Recommended label. The 
guidelines for the correct use of the label are specified within the Scheme Rules and are applicable to 
all product categories.   
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As was noted above, conformity assessment for some product groups is based on self-declaration 
and without a visible product testing programme, this method of verification could be open to abuse.  
The Scheme has an objective to compliance test 5% of certified products every year. Recently, and 
where budgets allow, the Scheme has aimed to achieve the best possible confidence interval 
between the test sample and the population from which it is drawn. The aim of this is to ascertain the 
best possible indicator of the performance of the population as a whole.    
If a product fails a compliance test, manufacturers are given the opportunity to comment on the result, 
which could lead to a challenge. If a manufacturer does not contest the result, or if the challenge is 
unsuccessful, the product will be deregistered. Non-attributable results are circulated to stakeholders. 
Recent testing of 19 Energy Saving Recommended white goods resulted in 3 failures. Out of five cold 
appliances, four passed. Out of 11 dishwashers, nine passed and all three washing machines passed.  
The cold appliance was de-registered and the two failed dishwashers had already been de-registered 
following the uplift in standards, which took effect part way through the testing. Testing is currently 
underway on boilers and luminaires. 
The Energy Saving Trust carries out monitoring on the use of the Energy Saving Recommended 
label. As well as two current projects assessing label usage in particular product groups (gas central 
heating controls and white goods), monitoring exercises are also carried out on a more general basis 
on-line, in store and in the press. One day per month is allocated to on-line and in-store checks, and 
all press cuttings referencing the Energy Saving Recommended label in the UK are collected by a 
third party and forwarded for assessment. Persistent misuse or unauthorised use of the label will be 
referred for legal action.  
 
Conclusion 
 
The Energy Saving Recommended labelling scheme was established to respond to concerns over 
increasing consumer energy use in the home and its associated environmental impact.  By reviewing 
the literature and standards for labelling from contributors including ISO, British Standards, U.S. EPA, 
the European Commission and UNEP, it has been possible to assimilate principles, classifications, 
operating methodologies and measurement indicators for EPIS. This has been applied to Energy 
Saving Recommended and allowed the benchmarking of the Scheme. Table 11 utilises the indicators 
of effectiveness for EPIS published by UNEP for Energy Saving Recommended.  
 
Table 11: Quantifiable and Qualitative Indicators of Effectiveness  
Indicators of Effectiveness: Quantifiable Performance Data 
The number of product categories 19 
The frequency of criteria upgrade 9 from 19 in the last 12 months 
The number of:  

 Manufacturers & Suppliers Certified 
 Retailers Certified  
 Products Certified 

 
96 
32 
1706 

Indicators of Effectiveness: Qualitative data on the Credibility of the Label 
The names and types of organisations 
who have endorsed, supported and 
helped develop the label: 

Defra, MTP, Ofgem, Trading Standards, Environment 
Agency, Energywatch, Asta Beab Certification, the 
members of the Energy Efficiency Partnership for Homes 
and the manufacturers, suppliers and retailers certified 
under the Scheme.  

Complementarities with other policy 
initiatives 

Energy Efficiency Commitment;  
Defra’s Product Compliance Working Group;  

Source: Energy Saving Trust [16] 
 
Four key working principles have helped drive the Scheme forward since its launch in 2000:  
developing and maintaining working relationships with industry, government, European partners and 
with environmental, policy and regulatory peers; the thorough standard setting and review process; 
the provision of future directions on standards; and achieving the status of certification mark for the 
Energy Saving Recommended Label. Whilst it has been recognized that influencing consumers is 
important, the vehicle Energy Saving Recommended provides for standard setting, review and uplift 
ensures that product energy performance continues to improve. The importance of integrating Energy 
Saving Recommended with the initiatives of wider product policy in the UK and abroad has been 
demonstrated; it will continue to be important to develop these good linkages, to share experience 
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and ensure the effectiveness of the scheme in helping to build markets for the most energy efficient 
products. 
The future direction of the Scheme has been shaped by the outputs from a benchmarking exercise 
performed by SGS Certification against the principles and standards for operating an environmental 
labelling scheme contained within ISO 14020 and 14024. Areas for Scheme development include 
building in product life cycle considerations and improving public reporting and transparency.  
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Abstract 
As part of several evaluation projects, the authors have developed a number of useful steps to 
improve the attribution of impacts to program interventions.  This paper presents an early application 
of enhanced evaluation methods to the multi-family sector – illustrating attribution / causality work for 
a statewide multifamily new construction program.  The methods and results are presented in this 
paper, and include: 

• Theory-based evaluation, indicators, and hypothesis testing; 
• Estimation of gross impacts and attribution of impacts using distribution and ranges of 

measure and intervention impacts, rather than less reliable point estimates.  This uses more 
of the information gathered during data collection, provides a band of confidence around 
results, and more fully reflects the range of impacts induced by the programs.  

• Enhanced measurement of naturally occurring adoption, multiple types of spillover, and other 
effects. 

• Examination of the results across program types to explore patterns and important 
differences. 

• Cost effectiveness assessment. 
These extra steps improved the reliability and robustness of the results of the causality analysis and 
provided a better foundation to guide benefit-cost analysis and program and investment decisions – 
an important goal of an evaluation.   The paper highlights benefits and impact of these approaches.  
The methods can be used to estimate the total net program impacts including net energy impact and 
net non-energy benefits (NEBs) for the program – information that is useful in estimating the 
program’s cost-effectiveness.  Note that similar “best practices” methods have been applied to single 
family and commercial / industrial programs as well, with strong results. 
 
 
Introduction 

 
For a number of multifamily evaluation projects for clients across the country, the authors were tasked 
with estimating the market effects and their attribution to program efforts.  As part of this work, we 
reviewed modeling and attribution methods we had applied to residential and commercial applications 
to adapt to the situation of multifamily dwellings – and in one case, a program with complexities 
embedded in the definition of “baseline”.  We adapted and applied robust approaches to examine free 
riders / naturally occurring adoption, spillover / market effects, and attribution – relying not just on 
point estimates, but specifically incorporating distributions and uncertainties to provide a better 
foundation for guiding program-related decision making.  This paper summarizes suggestions for 
improved methods for conducting attribution, non-energy benefits (NEB), and evaluation research in 
the multifamily sector.  
The literature takes pains to note that causality cannot really be proven; however, providing logical 
data and information that demonstrates consistency with causality can help make a persuasive 
argument to demonstrate program effects.  Key logical steps include: 

• Assessing whether the technology works in the field;  
• Using reliable methods to estimate associated effects and demonstrate causality, employing 

multiple methods to triangulate and confirm results if possible;  
• Reporting bounds and confidence intervals to improve credibility and useful application of the 

results.   
Using ranges or confidence intervals provides more robust and reliable information about impacts, 
and can be used with greater confidence than point estimates to guide decision-making about 
programs, budgets, impacts and other decisions.  
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Robust Estimation of Attributable Program Savings  
 

There are two key methods of providing information on net to gross results:  the statistically-based 
difference of differences approach, and self-reports from surveys.  This paper focuses on the latter 
approach.   

 
First Steps – Organizing through Definitions, Objectives, and Outcomes 
The attribution analysis is often part of a larger program evaluation, potentially including process 
evaluation, market characterization or attribution, and program attribution / impact analyses.  We find 
two key steps are important to providing a well-designed, highly defensible analysis of attributable 
program savings: 

• Definition of Participants, Non-Participants, and Actors:  We take a systematic approach 
to defining participants and non-participants.  Although it may appear these definitions are 
obvious, in many cases they are not.  We construct a matrix that forces the analyst to clearly 
define participants and non-participants for each actor type related to spillover and free-
ridership.  This process helps further identify survey groups and commonly leads to 
identification of “partial” participants that need special treatment in the analysis. To provide 
the most robust analysis of attribution, we find it important to interview not just “owners”, but 
other decision-makers that have a role in equipment specification or design.1  This provides 
an opportunity to confirm results, obtain ranges and bounds, and explore the implications of 
differences in results by actor type. 

• Mapping of Researchable Issues, Outcomes, Indicators, and Data Sources:  The review 
of the program’s logic can provide illustrate the key researchable issues to be examined in the 
overall evaluation.  Mapping these to the potential data sources assures that the data 
collection efforts will be integrated and as cost-effective as possible.  A matrix of logic-related 
outcomes, assigned indicators of progress, and the measurement method and source for that 
work helps assure the attribution work covers all key anticipated program effects.   

 
Interviewing multiple actors is especially important in assessing the impacts of programs in the multi-
family sector.  Decisions about equipment and program attribution may have rested in several hands 
– developers, A&E / contractors, builders, landlords, and tenants -- before, during, and after the 
program.   
These organizational steps are crucial to making sure large-scale evaluations are as integrated as 
possible, and helps clarify the priority research issues that will and will not be investigated.2 
 
Next Steps – Net to Gross Computations 
To provide information on the performance attributable to the program, the gross savings estimates 
developed through the impact analysis work need to be adjusted by the net-to-gross (NTG) ratio.  This 
ratio is used to provide appropriate adjustment for the program’s net effect – specifically, to estimate 
the impact of the program above and beyond what would have happened without the program.  
Translating gross program-tracked energy and demand savings into just that share that can be 
specifically attributed to the program is a complex problem in evaluation.  Net program impacts reflect 
gross changes adjusted to account for the combination of two main effects:    

• Net effect: a reduction in the gross effect for ”free ridership”, or that share of program 
participants that would have undertaken the efficiency behavior or implemented the efficiency 
measure(s) even without the influence of the program or its market interventions.  

• Market effect:  an additive adjustment to gross impacts, accounting for the positive impact and 
increases in efficiency that the program may have on market actors and actions above and 
beyond direct program participants.   
 

                                                 
1 Thus, for multifamily projects we commonly interview samples of building owners, A&E / builders / developers / contractors, 
staff, and where possible, tenants.  Each “actor” group provides estimates of elements of net to gross (NTG), and results for 
each group can be weighted to best represent NTG.  The results can be used to help address the “bounds” or range for the 
results for free ridership, spillover, and NTG.  Interviewing non-participants is important to providing high quality estimates of 
non-participant spillover; however, participants can also provide indicative information on this component of spillover. 
2 For example for one multi-family program, to address the nuances needed for the regulators, it was necessary to measure 
NTG results in relation to two separate baselines – standard building practices, and energy code.  Up front organization 
assured that all data collection addressed these differences as needed. 
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Given that the evaluation is attempting to measure changes due to the program, and specifically 
effects above and beyond what would have happened without the program, free ridership (or net 
effects) is a key component.   
• Free ridership addresses the set of program participants that would have purchased the energy 

efficient measure, or adopted the behavior, even without the influence of the program – that is, 
the program was not instrumental in the participant purchasing the energy efficient measure.  
Given that the smallest this factor can be is zero, this factor always reduces the gross savings 
attributable to the program. 

Spillover, on the other hand, attempts to measure the impacts that the program caused in the market 
through the influence of the program.  There are at least three kinds of spillover:3 

• Inside project spillover:  Inside project spillover is defined as additional measures installed 
or practices used by the household in the project building generally concurrent with the 
project that were not incentivized or promoted directly by the program but were installed 
because of the influence of the program.  These are measures not included in the program 
records or accounted for in program savings computations.  An example might be an 
insulation program that encouraged the household to replace the refrigerator with an energy 
efficient model.    

• Outside project spillover: Outside project spillover is defined as additional efficiency 
equipment installed by participants in their homes at another time, or in other buildings – but 
the measures were not incentivized through the program.  This factor accounts for the 
increase in efficient measures / practices adopted because of the influence of the program 
even without direct incentives.  An example might be an insulation program that leads the 
household to later insulate their vacation home without direct program incentives. 

• Non-participant spillover: Non-participant spillover refers to non-program energy efficiency 
(EE) measures purchased by non-participants that were inspired to purchase the measures 
because of program advertising or because more energy efficient equipment is in the market 
due to program actions.   
 

Net-To-Gross (NTG) Formulae 
Net program impacts were computed by applying adjustment factors for the effect of free riders and 
spillover or free drivers to the gross savings estimates for the program.  The basic equation for the 
Net-to-Gross (NTG) ratio is: 

 
NTG ratio = (Net Factor) x (Market Effects Factor) 
 

The net factor equals the attributed fraction of savings, or the value one minus those savings deemed 
to be free riders.  

Net Factor = [1 – (free ridership)] 4 
 

The market effects factor is a combination of program spillover factors that may influence actions 
taken outside of the program. The market effects factor is the sum of one and the spillover 
components: 

 
Market Effects Factor = [1 + (inside project spillover+ behavioral changes) +outside 

project spillover + non-participant spillover] 
 
Using survey responses to compute free riders 
In our research, a number of specific survey questions were directed toward providing information 
related to free ridership.  The two basic approaches were to 1) ask how much of the savings or 
measures would have been installed without the program, and 2) the likelihood that measures of the 
same or better efficiency would have been installed without the program.  Both of these answers 
provide key information related to decision-making and free ridership, and each is well-suited to 
certain situations.   

                                                 
3 There can also be “Other Market” Spillover which can occur through several pathways.  For example, manufacturers may 
change the efficiency of their products, and/or retailers and wholesalers may change the composition of their inventories to 
reflect the demand for more efficient goods created through an energy efficiency program.  Another example might be new 
building codes or appliance standards adopted in part due to the demonstration of technologies through an energy efficiency 
program.  Note that for “market transformation” programs, these may be termed “indirect or induced market effects” rather than 
spillover, but the definitions are quite parallel.  See Reference [2]. 
4 Note that some researchers and regulators add the two effects rather than multiplying them in computing NTG. 
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Asking about the proportion of the savings that would have been installed without the program 
provides the most direct response to the concept of free-ridership.  However, in some cases, the 
measures are “indivisible” – that is, a boiler may be either installed or not, but a portion of a boiler 
project is not installed.  In other cases, the project may be a “go/no-go”, and the program was the 
factor that pushed the entire project to “go”.  When asked share of measures in this case, the 
respondents are tempted to respond with “all/100%” or “none/0%”.  Asking both questions provides us 
valid responses for both types of situations.  Further enhancements include asking respondents: 

• For a high and low range as well as their best estimate of the share of savings that would 
have occurred without the program’s influence.  This helps walk them through the logic of 
their response.   

• The likelihood that the owner would have installed measures of the same or higher efficiency 
without the program;5 

• The share of savings they would have installed without the program – asking a range and 
best estimate; 

• The share of energy savings they installed because of the program. 
 

Not all respondents will be able to answer all questions.  As a result, a combination of the responses 
to these various free ridership responses can be used to derive the base value for free ridership, 
“filling in” missing data with a hierarchy of the responses.   This approach can be used to compute the 
“base” free ridership estimate. 
 
Corroborating Information – a “Check” on Program Influence and Free Ridership 
In addition, survey methods can be used to confirm the validity or consistency of responses related to 
free ridership (and spillover).  For example, some argue that over time, participants may have 
convinced themselves the savings would have been installed without the program.  Asking related 
questions can allow examination of the consistency of those self-reports on free ridership (FR).  In 
multifamily research, we have included the following types of related / influential questions to further 
examine free ridership estimates.   

• Importance of Incentives:  Respondents were asked the importance of the program’s 
financial (or technical) assistance in their decision to install the energy efficient measures.  If 
respondents say the assistance was very important, but also provide a high free-ridership 
value, the results are inconsistent and the free ridership value may need to be adjusted 
downward.   

• Prior Plans to Install:  Respondents were asked how firm their plans were to install the same 
efficiency of measures before they heard of the program.  If plans did not exist (or were not 
very firm) or were for lower efficiency measures, but they report high free ridership, the FR 
value may need adjustment downward.  

• Increases in Efficiency:  The respondents were asked if the program increased the 
efficiency of the measures that were installed beyond what would have been installed without 
the program.  A report of a program-induced efficiency increase may be inconsistent with high 
free ridership. 

• Timing of Investment:  If the program caused efficient measures to be installed considerably 
earlier than would otherwise have occurred, then there is no free ridership for at least the 
period that the measures were moved forward in time.6  If the installation occurs considerably 
earlier, it might also be argued uncertainties might have jeopardized their installation, and 
high free ridership values may need to be adjusted downward.   
 

Examining individual responses in a systematic way – taking into account influencing factors – can 
improve the confidence in the estimate of free ridership and provide a more robust range for the 
value. 
 
 
 

                                                 
5 This version of the question is more appropriate when the measure(s) come in large increments.  A boiler is installed or not 
installed – therefore, respondents would be likely to answer 0% or 100% to the question about percent of savings.  Percent 
likelihood that 100% of the savings would have been installed provides better distribution of responses with better estimation 
properties. 
6 Since one of the issues associated with free ridership is accounting for savings, it is important to consider the timing of 
savings resulting because of the program. 
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Using survey responses to compute spillover 
As mentioned above, survey responses can be used to compute three types of spillover:  inside 
spillover, outside spillover, and non-participant spillover.  A three-step approach was employed to 
develop the estimate of each spillover component. 

• Existence:  Respondents are asked about the existence of the effect (inside, outside, or non-
participant spillover).  This is prior to asking about size, and provides at least partial 
information if they are not able to answer more quantitative questions. 

• Extra “savings” installed:  A battery of questions is asked that allows estimation of the level 
of extra spillover savings (as a multiple of the direct program-installed savings).  The specific 
questions vary based on the spillover type.7   

• Confirming share due to program:  Finally, as a check, we reconfirm what portion of the 
spillover factor they identified in the “extra savings installed” is actually attributable to the 
influence of the program. 

 
Recall that these questions are asked of a number of actors – owners, occupants, developers, A&E, 
and others.  These data can then be analyzed and used to provide an estimate of the range and best 
estimate of elements of spillover.   
Although none of these computations is simple, computing non-participant spillover is less 
straightforward.  Assigning non-participant8 spillover to any specific program in a utility’s portfolio is 
difficult or impossible because of the potential for overlapping and cross-over influences.  
Respondents – and even more so, non-participants –do not always clearly distinguish between the 
various utility programs or the influence of specific elements of the portfolio.  Therefore, while they are 
asked about a specific program, the results must be used cautiously because of the overlap between 
programs within one “sector”.  Given that there are usually only a limited number of multifamily 
programs, direct overlap may not be a large problem.  However, if other programs affect builder 
practices, or if other programs have the effect of changing the stocking practices for energy efficiency 
measures, overlap can still occur.  Therefore, deriving reliable estimates of non-participant spillover is 
difficult and, although self-reports may be the best way of obtaining the information, the work may only 
be able to provide an indication of the magnitude of outside spillover. 
 
Computing and Benchmarking the Net To Gross (NTG) Ratio 
 
The computation of the net-to-gross adjustment factor follows directly from the estimates of free 
ridership and spillover, as indicated by the formulae presented earlier in the paper.  Information by 
actor group, as well as overall ranges and confidence intervals can be computed.   
However, to provide the strongest interpretation of the results, it is useful to compare or “benchmark” 
the results against free ridership, spillover, and net-to-gross results from other programs.  The authors 
(SERA) have assembled a library of more than 100 results on NTG from programs across the US and 
limited international results.  We sort these results to identify “like” programs or measures and 
program designs in order to support comparison of the results with other programs.  If the results 
differ, it is important for the researcher to explore the reasons for these differences.  For example, 
differences can be expected for rebate vs. technical assistance programs, but if similarly designed 
programs derive very different results, the utility will want to know whether the differences are due to 
outreach or targeting variations, or because one program included more “mainstream” measures and 
there was less free-ridership from a program that focused on more cutting-edge measures.  These 
results are important to a robust (and useful) analysis of program attribution. 
These basic techniques have been adapted by the authors for a broad range of programs, including 
residential product outreach and product incentive programs; new homes and remodeling programs; 
commercial new construction; renewables, and other programs.   Enhancements being examined that  
include scenario analysis and decision tree techniques to “bound” the effects, and options to use a 
Bayesian approach addressing “degree of belief” in the impacts.  Thus, the attribution work is 
incorporating several methods of addressing risk – an important component of using causal results.  
 
 
 
 

                                                 
7 The questions for non-participant spillover are somewhat complex.  For best results, we ask about non-participants about non-
participant spillover, with information from participants as auxiliary data on this factor. 
8 And sometimes untangling outside spillover effects can also be difficult. 
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A Step Beyond:  Omitted Program Effects and Value from Non-Energy Benefits 
(NEBs) 
 
While energy savings9 and other metrics provide direct indicators of program effects, a significant 
body of work has developed around recognizing and measuring net non-energy benefits (NEBs).  This 
includes any and all impacts that are not directly the energy and bill savings resulting from the 
program.  Previous work shows that these benefits are significant in relation to the energy savings, 
and are highly valued by participants.  In some cases, the analysis suggests that the primary value 
from the program was non-energy benefits, rather than energy-related bill savings.  Previous work 
also indicates that market actors – specifiers like builders, architects, engineers, contractors – also 
recognize these benefits and use them in “selling” energy efficiency.   
 
NEBs include a variety of impacts that result from the program.  Although the literature calls them 
non-energy benefits, they include the ”net” of both positive and negative effects that may be 
attributable to the program.  The convention has been established to separate these benefits into 
three “perspectives” [8]:  

• Utility NEBs: These include utility/ratepayer-type benefits result in reduced revenue 
requirements, including savings in a variety of administrative and carrying costs related to 
arrearages, service terminations, and related changes, as well as reductions in T&D losses 
when fewer kWh are distributed through the system. The changes attributable to these 
impacts are mostly valued at utility avoided costs for the relevant labor category, etc. 

• Societal NEBs: Societal benefits include the value of reductions in emissions, economic 
stimulus, and similar public benefits. The values associated with these program-caused 
changes vary with the type of impact. 

• Participant NEBs: Participant impacts include effects above and beyond energy savings, and 
include improvements in comfort, lighting quality, resident satisfaction, equipment 
maintenance benefits, safety issues, and a wide variety of other NEBs.  While many of these 
indirect benefits may be difficult to measure, they can ultimately be translated into dollar 
terms, and incorporated as net program benefits accruing to participants. 

Typical categories of benefits based on past work follow in Table 1 below.  This list is not 
comprehensive, and obviously some benefits can cross categories.  We tend not to include tertiary 
type benefits like tax –related impacts, as we prefer to be more conservative.  Whether specific 
benefits are included or excluded from the analysis tends to depend on which measures are included 
in the program, and the use intended for the NEB analysis.  The list of benefits to be included in the 
program attribution analysis is usually refined in collaboration with the program staff. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 

9 And, depending on the scope of the evaluation, awareness, market share, and other metrics.  
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Table 1:  Net Non-Energy Benefits (NEBs) Categories included in “NEB-It”© Model 
Utility Benefits 
• Reduced carrying cost on arrearages (interest) 
• Bad debt written off 
• Shutoffs 
• Reconnects 
• Notices 
• Customer calls / bill or emergency-related 
• Other bill collection costs 

• Emergency gas service calls (for gas flex connector and other programs) 
• Insurance savings 
• Transmission and distribution savings (usually distribution only) 
• Fewer substations, etc. 
• Power quality / reliability 
• Reduced subsidy payments (low income) 
• Other 

Societal Benefits 
• Economic benefits – direct and indirect multipliers 
• Emissions / environmental (trading values and/or health / hazard benefits) 
• Health and safety equipment 
• Water and waste water treatment or supply plants 
• Other 

Participant Benefits10 
Single Family Participants  Multifamily Building 

Participants 
Commercial/Industrial 
Participants   

• Net program rebate (If relevant) 
• Water / wastewater bill savings 
• Equipment maintenance (labor and cost) 
• Equipment performance / features 
• Equipment lifetime 
• Shutoffs 
• Reconnects 
• Property value benefits  
• (Bill-related) calls to utility 
• Aesthetics / appearance 
• Fires / insurance damage (from gas-related 

audits/fix) 
• Indoor air quality  
• Moving costs / mobility 
• Illnesses and lost days from work / school 
• Transactions costs (complicated, not 

critical) 
• Comfort 
• Noise 
• Safety 
• Lighting / quality of light 
• Feeling of greater control over bill (if 

relevant) 
• Improved understanding of energy use / (if 

relevant) 
• Feeling others “care” (low income only) 

 
• NEGATIVES:  Installation hassles / mess 

from installers – rest are mostly negative 
values for other factors above. 

• Water / wastewater bill savings 
• Operating costs (non-energy)11  
• Equipment maintenance 
• Equipment performance (push air 

better, etc.) 
• Equipment lifetime 
• Tenant satisfaction / fewer tenant 

complaints 
• Comfort 
• Aesthetics / appearance 
• Lighting / quality of light 
• Noise 
• Safety, insurance 
• Health issues 
• Ease of selling / leasing 
• Labor requirements (separate from 

equipment O&M) 
• Indoor air quality 
• Doing good for environment 
• Reliability of service / power quality 
• Savings in other fuels or services (as 

relevant) 
• Feeling of greater control over bill / 

understanding of energy use (residents 
if relevant) 

 
• NEGATIVES (usually incorporated into 

above) some may have worse 
maintenance, parts may be harder to 
get, greater training needs for 
maintenance staff, etc. 

• Water / wastewater bill savings 
• Operating costs (non-energy)12  
• Equipment maintenance 
• Equipment performance (push air better, etc.) 
• Equipment lifetime 
• Productivity 
• Tenant satisfaction / fewer tenant complaints 
• Comfort 
• Aesthetics / appearance 
• Lighting / quality of light 
• Noise 
• Safety 
• Ease of selling / leasing 
• Product losses (mostly refrigeration at 

grocery) 
• Labor requirements 
• Indoor air quality 
• Health / lost days at work 
• Doing good for environment 
• Reliability of service / power quality 
• Savings in other fuels or services (as 

relevant) 
 

• NEGATIVES include: Production disruption 
during installation.  Others are included above 
(some may have worse maintenance, etc.) 

 
Note that several benefits arise in multiple categories.  For example, having fewer bill-related calls to 
the utility benefits both the utility / ratepayers AND the households making or receiving those calls.  
This is not double-counting benefits – rather, it recognizes that some effects have multiple 
beneficiaries and each is valued at the appropriate tailored valuation method.  For example, this 
saved time from calls may be valued at the marginal labor cost for customer service staff for the 
utility’s benefit, and at the minimum wage rate for low income households.  Benefits are recognized 
and realized by both groups; whether they are included in specific computations depends on their 
appropriateness to the application.   
Attribution of utility and societal NEBs can be measured using a combination of primary and 
secondary data.  There is an extensive literature measuring the arrearage impacts of programs 
(particularly low income programs), as well as many others of these impacts.  Detailed examination of 
the program impacts – or the literature– may be needed to estimate the impacts on reconnections and 

                                                 
10 Positive and negative impacts, estimated using participant surveys for many of the NEBs. 
11 Sometimes omit if likely to double count with the next two categories 
12 Sometimes omit if likely to double count with the next two categories 
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other factors that may be affected by the program (Reference [8] provides a discussion of these 
methods).   
Societal impacts also have a significant literature and indeed, the two key components, environmental 
and economic impacts – have a very high degree of volatility depending on the data sources and 
valuation methods used.  Impacts on greenhouse gases (GHG) are increasing in importance and 
have been estimated in the literature.  These impacts are a ”slippery slope” – they can be estimated in 
a simplistic way, or if health impacts are to be measured in detail, then issues related to specific 
microclimates and time of day and zones are important.  For some programs, average generation mix 
should be used to assess emissions; for others (e.g. a peak load reduction program, residential air 
conditioning programs, etc.) emissions from marginal peak load plants should be used to estimate 
changes in emissions from the energy savings.  Valuations are the source of considerable debate in 
the literature as well.13  There exists a literature estimating economic impacts from energy efficiency 
programs.  Some of the literature are flawed in that they estimate the job creation and economic 
multipliers of a gross expenditure on the economy when instead they should be measuring the net 
impact of a switch from, say, the sectors included in electricity generation, into the economic sectors 
affected by the weatherization or other program [3].. 
The most challenging portion of non-energy benefits work is assessing the participant portion of the 
benefits.  This has been an area of considerable research in the last decade.  As a result, several 
credible methods of estimating these ”hard to measure” (HTM) impacts have been developed and 
applied to a variety of residential and commercial programs [7][9][10]. The performance of these 
alternative approaches have been evaluated with respect to: ease of response by respondent / 
comprehension of the question by respondents; reliability of the results / volatility; conservative / 
consistent results; and computation clarity, among other criteria.  More than one dozen state-of-the-art 
variations of five basic approaches have been assessed including: 

• Willingness to pay (WTP) / willingness to accept (WTA) / contingent valuation (CV) 
• Alternative methods of comparative, scaling, or relative valuations 
• Direct computations of value to owner,  
• Discrete choices or ordered logit, and  
• Other revealed and stated preference and other approaches. 

 
These measurement methods can be complex to implement, and much work has been conducted to 
refine techniques.  The authors have applied these techniques to more than 50 residential, 
multifamily, commercial/industrial, renewables, and demand response programs across the US and 
internationally, and have conducted several thousand interviews and surveys on NEBs.  Research 
over 10 years of performing these analyses has shown that generally, comparative or relative 
valuations14 perform substantially better than other methods.  Willingness to pay (WTP) can often 
provide very volatile numbers and respondents have an extremely difficult time understanding the 
concept of stating a dollar amount they would be willing to pay for these benefits.  We have 
incorporated multiple measurement methods into the same studies, and have found that on average, 
WTP is volatile (and less conservative), and that scaling, discrete choice, and other measurement 
methods we have adapted perform more reliably; our research incorporates these approaches.15   

 
As one more component of “best practices”, to provide credible estimates of the NEBs actually 
attributable to the program, the results must be ”net” in several key ways.   

• Net positive and negative:  Despite the historical name for these impacts (non-energy 
benefits), both positive and negative impacts must be incorporated.16  .    

• Compare efficient to standard equipment:  To attribute the impact due to the program, the 
respondents need to be asked about the NEBs for the new efficient equipment relative to the 
base non-efficient equipment that would otherwise have been purchased.  The appropriate 

                                                 
13 For some clients, there are values that have been agreed upon by the regulators.  For others, we used specific values 
included in the literature, or averages of valuations from many sources.  Which valuations are most appropriate depends on not 
only the location, but also the use to which the work will be applied. 
14 Methods pioneered and adapted by the authors, based on the academic literature; see descriptions in Reference [9] [10]] and 
others, and numerous evaluation and NEB workshops delivered by author..  
15 For an analysis of comparative, willingness to pay, and labeled magnitude scaling methods, see Reference [3][7][9][10].  
16 The term we use is ”net non-energy benefits” (NNEBs) but we will refer to them as ”NEBs” in this paper.  Over a 10 year 
period, we have developed effective (proprietary) methods of asking these questions and valuing the responses.  In addition, a 
model “NEB-It”© is used to compute values.  For additional information contact www.serainc.com. 

786



comparison is generally not the new efficient equipment but the old equipment that was in 
place.17    

• Net of free riders:  Similarly, if there are free riders that would have purchased the same 
equipment without the program, then the NEBs associated with that equipment should not be 
attributed to the program. 
 

NEBs Results 
Our research on programs across the nation (and internationally) has demonstrated that, depending 
on the program design, the NEBs can be quite large – ranging from about 50% of the value of other 
(energy) benefits in the cost-benefit equation, to more than four times the direct benefits [4][9].  The 
benefits to participants alone can equal half to almost twice as much value as the direct energy 
savings.   
NEBs are hard to measure, which has led to exclusion of these benefits from program evaluation and 
the decisions that derive from the evaluations.  However, that practice leads to the implicit use of the 
value of ”zero” as the NEB.  The results from numerous studies show how wrong that simplification 
can be. 
Certainly the results and currency valuations vary by type of program, measures included, weather, 
and program targets.  For instance, we find programs targeted at households with chronically ill 
inhabitants to lead to higher benefits from measures that address comfort.  We find including gas 
measures can increase the NEBs associated with the program.  Comfort-related NEBs are higher in 
climates with higher heating (or cooling) needs.   

 
Uses of NEBs 
One application for the NEBs analysis is benefit cost analysis.  While perhaps not the primary use of 
NEB work, these measurement efforts assess (and value) another set of impacts of the programs 
above and beyond what would have been realized without the program.  The individual categories of 
NEBs for a variety of types of programs were listed in Table 1.  The results of the dollar NEBs 
valuations for each of these individual NEB categories varies based on the program’s design, 
measures included, sectors, targets, area of the country, and other factors.  Estimated properly, these 
represent attributable impacts; however, only a subset of these impacts may be appropriate for 
inclusion into a benefit cost analysis or into specific regulatory tests.  For example, some of the 
societal benefits may belong in societal tests, and a number of the participant benefits may be 
appropriate for inclusion in tests for low income programs, because these programs often have 
reductions in hardship and bill-payment improvements as specific program goals.  
Identifying the particular subset of NEBs to be included in a particular computation for a program 
depends on the application / use of the computation.  NEBs that should be included for various 
applications are not appropriate for other computations, and rarely is it appropriate to include all the 
NEBs in a computation.  On the other hand, perhaps it should be equally rare to include none of the 
NEBs in a computation of program effects. 
Early applications of NEBs research applied to estimating savings to utilities (e.g. bill payment 
improvements, etc.).  This expanded to the use of NEBs for improving benefit cost analysis.  
However, NEBs are not only useful in assessing value from the program, but we have also found that 
this analysis provides a more sophisticated method of analyzing benefits and barriers.18   Further, 
NEBs provide exceptional guidance for program targeting, marketing, and design.  We find 
assessment of these net non-energy benefits is critical to understanding the full range of benefits 
provided by programs.  They have a variety of uses: 

• Benefit cost analysis (using subsets or pieces of the NEB analysis19) 
• Measuring barriers to adoption of programs.  Although many process evaluation studies 

conclude that the program has reduced barriers from a score of 5.3 to 5.1, this information 
does not provide information useful in crafting a method of assign the importance of that 
barrier, or in addressing the barrier.  Reviewing the value associated with “negative NEBs” 
(also interpretable as “barriers”) provides the dollar barrier – and provides a method of 
                                                 

17 However, some caveats are needed, depending on how the work is to be used.  It may be that in the case of residents that 
would not have purchased new equipment at all without the program, a case may be made that for participant NNEBs, they 
recognize all the change from old equipment to the new efficient equipment.  Also, if the measures would not have been 
installed for a period of time, the full NNEBs may be appropriately credited (as should the savings) during the interim.  However, 
these are fine points on the principles discussed above. 
18 Dollar values of importance are a much more useful way of assessing barriers than a 1-5 ”importance” scale.  
19 For example, the authors were involved in identifying those categories of net NEBs most appropriate to be included in a 
revised public purpose test for low income programs in California, and our NEB work was used to establish NEB “adders” ‘in 
states in New England, etc. 
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identifying the investment that the program may need to undertake (through rebates, “buying 
up” warranties, or other methods) to get potential participants – or some predictable share 
thereof – past the barrier and on to purchasing more efficient equipment. 

• Program design:  Selecting measures and selecting target groups for participants that will 
maximize the program impact to one or more audiences / perspectives (utilities, participants, 
etc.), potentially based on program goals.  This can maximize the program “bang” given a 
fixed budget.   

• Marketing / targeting programs to provide maximum benefits or target groups receiving high 
benefits and designing programs to achieve greatest total value related to program goals.  
Proctor & Gamble doesn’t sell households Tide laundry detergent based on “buy this because 
it gives us greatest profits”, and the implication of the NEB results has shown that selling 
efficiency programs on energy efficiency / conservation which is important to program design 
is a poor approach – these are often not the highest valued benefits participants derive from 
programs, and energy efficiency may not be the most appealing to advertise.  The NEB 
results also indicate that it may not be the most important feature people want to buy.  The 
single most common quote we get in our interviews is “well, we may have gotten some 
energy savings from the program, but what we really noticed is…”.  People are skeptical 
about the savings, and they “wash out” for commercial buildings in the midst of all the other 
things that change year to year. 

• Marketing programs to appeal to participants based on the types of benefits that they actually 
value to improve the ”bang for the buck” in outreach expenditures.   

 
Benefit Cost Enhancements 
Applying some of the methods presented here supports an improved program benefit cost analysis.  
The NTG information derived includes not only point estimates, but ranges that better reflect the 
translation of the program’s net energy and demand benefits.  Combined with the NEB information, 
the results provide the basis for a robust analysis of program impacts, and scenario analysis for both 
benefit cost (B/C) and regulatory tests.  For example, B/C results may be provided incorporating a 
subset of NEBs, or scenarios may be constructed using alternate proportions of the NEBs – figures on 
the order of 10%, 25%, and 50% have been used by some agencies to reflect the NEBs but to be 
conservative and acknowledge that the NEBs may not have been included in the initial goals for the 
programs.  In addition to reflecting risk in the results through use of NEB ratios and ranges, the 
ranges from the NTG elements can also be used to construct decision trees or other methods of 
addressing risk.  These techniques are well supported using the data collection approach suggested 
in this paper.  Most importantly, use of scenarios or methods of incorporating risk are more credible 
than point estimates to multiple decimal points, are more robust, and makes it clearer that the 
measurement of program impacts is not an exact science and a derived point estimate is not the 
”answer”.  Rather, the ranges are more likely to include the correct estimate, and the scenario work 
tends to put the treatment of program benefits and costs on a more parallel track with supply 
resources. 
  
Summary and Implications 

 
Attribution:  As part of recent projects to attribute market effects to interventions from dozens of 
different residential and commercial programs, the authors employed several useful steps to improve 
the robustness of the analysis.   The focus was on using theory-based evaluation, but also worked 
toward providing a burden of proof on par with the criteria for other public and private investments.  
Four steps were undertaken for this effort.   

• We use an enhanced method to address free riders, spillover, and free drivers to allow for 
partial free riders and used indicator methods to provide evidence on program-induced effects 
on spillover and free drivers.    

• We directly addressed the issue of uncertainty and risk in the attribution work by interviewing 
various actors, asking for ranges, and using scenarios to “bound” the effects.  Thus, the 
attribution work examined several methods of addressing risk – an important component of 
using causal results.  

 
This approach used much more of the information gathered during the data collection, and more fully 
reflects the range of impacts induced by the program.  Although causality can never be proven, these 
extra steps improved the reliability and robustness of the results of the causality analysis and provided 
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a better foundation to guide program and investment decisions – one of the most important goals of 
an evaluation.    
 
Non-energy benefits:  NEBs are an often-ignored, but important set of benefits provided by energy-
related measures and features in residential and non–residential buildings.  These NEBs can be 
measured, and they represent effects that are attributable to programs.  Utilities may run energy 
conservation programs to reduce energy use, and builders may build homes and commercial 
buildings that include energy saving features, measures, and designs.  However, energy savings may 
not be – and appear not to be – the highest valued outcome of these measures and features to 
buyers / participants.    These NEB results have several applications.   

• Benefit/Cost analysis:  some share of these effects may be appropriate for inclusion in 
program benefit cost analysis or regulatory ”tests”.   

• Program design:  NEBs can be incorporated into initial decision-making about which 
measures / features to include in new / remodeled buildings (or into programs) and 
computations of costs and benefits from investment in energy using equipment.  They can 
also be used to identify and address key program barriers.   

• Outreach / advertising to attract buyers to these efficient buildings or to energy conservation 
programs that incorporate these measures.  The value of these other benefits – may be 
stronger selling points for the measures than energy savings – and these benefits should be 
used as key sales messages in program outreach (Reference [1][10] and others). 

 
This paper provides practical methods for addressing some of the reasons often cited by policy 
makers for not designing programs for energy efficiency well on the basis that the ‘other benefits’ are 
unquantifiable.  In addition, it provides detailed and improved research approaches for estimating 
attributable market effects – and provides a means to examine the degree to which gross energy 
benefits should be reduced due to free rider effects, and increased due to attributable spillover and 
induced market effects.  Finally, the methods described in this paper have also been applied and 
demonstrated successfully for single family and commercial / industrial programs. 
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Abstract 
Compact fluorescent lamp (CFL) saturation in residential homes has dramatically increased in recent 
years, particularly in California, due to improvements in CFL technology and a significant reduction in 
prices. Existing data on CFL usage patterns, collected in the early 1990s, may not provide reliable 
estimates of the energy and peak demand savings for this important residential energy-efficiency 
measure. Program planners need up-to-date information on how consumers are currently using CFLs. 
This paper describes the results of a 2003 California investor-owned utility (IOU) CFL metering study, 
which included 375 participating homes representing the state’s varied demographics, dwelling types, 
and climate zones. A total of 983 interior CFLs were monitored from 6 months to 1 year. In addition to 
CFL hours of usage and peak diversity factors, lighting inventory results from an on-site survey that 
was conducted at each participating home will also be presented in this paper.1 
 
 
Introduction  
 
CFL saturation in residential homes has dramatically increased in recent years, particularly in 
California—from 1 percent in 2000 to 9 percent in 2000 (RLW 2005), due to improvements in CFL 
technology and a significant reduction in prices. Existing prior data on CFL usage patterns, collected 
in the early 1990s, may not provide reliable estimates of the energy and peak savings for this 
important residential energy-efficiency measure. Most of these earlier studies were conducted to 
support protocol-driven CFL program impact evaluations; most did not rely on on-site data collection; 
and even fewer involved collection of metered time-of-use data. Those that did were conducted to 
evaluate specific utility programs (i.e., not statewide). In addition, these studies were conducted over 
7 years ago, reflecting different patterns of CFL use and saturation. Moreover, these studies were 
designed to meter only one CFL per home.  
Program planners need up-to-date information on how customers are currently using CFLs, i.e., 
where are they being installed? How many hours on average are CFLs being used? How often are 
CFLs being used during peak hours? How do hours of usage vary as CFL saturation increases? In 
2003, the California IOUs commissioned a CFL metering study to provide this needed information. 
This paper will focus on the results of the CFL metering study and provide updated energy savings 
assumptions, including CFL hours of usage and peak diversity factors. In this study, 1,200 interior 
CFLs were metered for a period of 6 months to 1 year. The sample of homes included in the study 
represents the state’s varied demographics, dwelling types, and climate zones. The monitoring period 
began in the summer of 2003 and was concluded in late fall of 2004. An on-site survey, including a 
complete lighting inventory, was conducted in conjunction with the installation of meters, and results 
from this survey will also be provided in this paper. 
 
Methodology 
 
Sample Development 
 
The metering sample that supported this study was developed in two phases. The first phase was 
initiated in the summer of 2003 as part of a broader evaluation of the California IOUs’ 2002 Upstream 
Residential Lighting program. The first sample included 100 homes, and meters were installed on all 
interior fixtures containing CFLs (where installation was feasible) for 6 months.  
The second phase of the study began in the spring of 2004 when the IOUs authorized use of the 2003 
Upstream Residential Lighting program evaluation budget to augment the metering study sample size 
                                                      
1 This paper was presented previously at the 2005 International Energy Program Evaluation Conference, Brooklyn, New York. 
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and monitoring period. A total of 78 of the first phase’s sites agreed to extend their monitoring period 
an additional 6 months, for a total monitoring period of 1 year. An additional 275 sites were recruited, 
and their interior fixtures with CFLs were monitored for 6 months. 
The sample was geographically clustered to control for survey implementation costs. Seven clusters 
were selected that represented the major rural/urban and geographic distinctions within the IOU 
service territories. Table 1 shows how the study sample was distributed across the seven clusters.  
 
Table 1: Total Study Sample 

Cluster Geographic Region Location of 
Region 

 
IOU  Number of 

Sites 

1 San Francisco Bay Area North  PG&E 75 
2 Fresno Central Valley PG&E 50 
3 Los Angeles and Orange Counties South  SCE 50 
4 San Diego County South  SDG&E 50 
5 San Bernardino South  SCE 50 
6 Chico/Red Bluff North  PG&E 50 
7 Bakersfield Central Valley SCE 50 
Total    375 
 
On-Site Survey Development 
 
An on-site survey was conducted in conjunction with the installation of loggers at each participant’s 
home. During the on-site survey, the following information about the home and its lighting fixtures was 
collected: 
1. House type (i.e., single-family detached, single-family attached, apartment, etc.) 
2. Use area or room type (i.e., living room, kitchen, etc.) 
3. CFL wattage, fixture and bulb type (e.g., 20-Watt CFL ceiling fixture) 
4. Control type (dimmer switch, dual switching, occupancy sensor, etc.) 
5. Self-reported wattage and type of previous bulb (e.g., 100-Watt incandescent). 
A detailed instruction form with survey guidelines was developed to accompany the survey, and 
auditors were trained on the guidelines, both in a classroom setting and in the field. KEMA’s 
experienced senior field staff conducted the training and participated in the first 2 weeks of field visits 
to ensure a quality data collection process. 
 
On-Site Monitoring and Survey Implementation 
 
Recruitment 
The sample for on-site data collection was recruited according to the following process: 
1. Potential phase 1 participants were identified during the 2002 program evaluation consumer 

telephone survey as having CFLs in the home and living in one of the study clusters. The 
sample was filled by KEMA representatives offering a $50 incentive for the 6-month study via 
a follow-up phone call. 

2. Phase 2 participants were recruited in three ways:  
• Phase 1 participants were offered the option to continue on to phase 2 for an additional 6 

months and $25. 
• Potential participants who had not been contacted during phase 1 were recruited by KEMA 

representatives with the original incentive of $50 for a 6-month study.  
• The remainder of the sample was filled by KEMA staff recruiting from a new database of 

qualifying, potential participants developed by a survey research firm using telephone 
random-digit dialing. The original $50 incentive was offered. 

 
Monitoring Period 
Phase 1 meters were installed in June–July 2003 and were either removed in March–April 2004 
(Group A) or remained until September–October of 2004 (Group B). Phase 2 meters were installed in 
March–April 2004 and were removed in September–October 2004 (Group C). Table 2 shows the 
monitoring period by phase and group.  
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Table 2: Monitoring Period by Phase/Group 
      2003 2004 
  Phase # Sites Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
A 1 22                                   
B 1 78                                   
C 2 275                                   
 

 =installation or removal period 
 =monitoring period 

 
Equipment 
Time-of-use lighting loggers were used to capture all on/off switches of the selected fixtures during the 
monitoring period. Two models were used, one by DENT Instruments and one by Onset Computer 
Corporation. Both used a photocell with variable sensitivity, recorded a time and date for every on/off 
switch captured, and had their own software for data retrieval. The DENT model had a built-in magnet 
for simple installation. 
 
Logger Installations 
The loggers were installed in fixtures with CFLs while KEMA auditors conducted a complete lighting 
inventory of the home. The intent to monitor all CFLs in each home was not always achieved due to 
privacy, safety, and other concerns. The final cleaned dataset was weighted by room type to adjust 
for the fact that the monitored sample differed slightly from the CFL inventory with respect to the 
distribution of CFLs by room type. 
 
Logger Removals 
As program participants exited the study, they were offered the choice of either having pre-stamped, 
padded envelopes sent to them so they could remove the loggers themselves or setting up an 
appointment for an auditor to return and remove them. Once the loggers were returned, the dataset 
was downloaded from the logger to a hard drive, the raw data were examined along with site-specific 
data, and bad data were removed (e.g., where the logger was turned on before being installed at/after 
being removed from the fixture, and then analyzed).  
 
Data Quality Assurance Procedures 
Quality assurance procedures that have been developed and implemented in numerous prior 
metering studies were used throughout the survey implementation process to ensure that reliable, 
cost-effective data were gathered, processed, and analyzed.  
An experienced KEMA auditing team was provided with thorough guidelines and detailed, customized 
training by the project manager and KEMA’s equipment expert. During the phase 1 and 2 transition, 
the auditors were able to ensure that loggers were functioning properly at those sites continuing for 
the full year-long study and correct those that were not. Quality control of hard-copy documentation 
and data entry was ongoing during the logger installation and removal periods. KEMA personnel 
reviewed one another’s work during data cleaning and analysis. Customized Microsoft Access 
databases and the SAS system were used for storing, analyzing, and cleaning the data. KEMA 
software specialists provided quality control on their use. 
 
Analysis 
 
After data validation and cleaning, seasonality adjustment factors and weights were developed. 
Additionally, outdoor lighting usage was estimated at each site using a combination of lighting 
inventory data from the on-site survey and second source data.  
 
Seasonality 
Average daily usage estimates on a per-site basis were adjusted due to the seasonality affects 
associated with partial-year monitoring. For fixtures in a given month that were either monitored for 
less than half the month or not monitored at all, seasonality factors were developed using regression 
analysis to impute the missing monthly usage values. Then, the average daily usage for each site was 
calculated equal to the average of its 12 monthly usage values.  
A regression model was specified that determined the increase in CFL usage as a result of a 
decrease in daylight hours. Separate regressions were run by day type (weekend versus weekday) 
and room type (sensitive to daylight hours: kitchen, dining room, living room versus not sensitive: 
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bathroom, bedroom, hallway). The regression results yielded a set of seasonality factors for each 
month, room type and day type combination. The regression equation indicated that a 1-hour 
decrease in daylight would result in less than 5 minutes per day additional CFL usage in a bathroom, 
bedroom, or hallway, but more than a 15-minute increase per day in CFL usage in a living room, 
kitchen, or dining room.  
The seasonality factors were used to estimate usage values over each site’s missing months. For 
each day type and room type combination, the imputed monthly value for a fixture was calculated as 
follows: 

mxi = (Mx / S) * si 
where: 
mxi = imputed usage value for month i and fixture x 
Mx = the sum of monthly monitored usage values for fixture x 
si = Seasonal factor (one set per day type/room type combination) for month i 
S = the sum of the seasonal factors that correspond to Mx 

 
Weighting 
The logger data were collected at the fixture level and were weighted by the number of lamps 
associated with that fixture. The final cleaned dataset was also weighted by room type to adjust for 
the fact that the monitored sample differed slightly from the CFL inventory with respect to the 
distribution of CFLs by room type.2 In analyzing the monitoring data, it was found that the major driver 
of the variation in CFL usage is the location of the fixture. Since a detailed inventory was captured at 
every home, the monitored sample was compared to the actual distribution of CFLs across all 
participating homes. Small but significant differences were found and, as such, adjustment weights 
were developed.3  
 
Outdoor Lighting 
The monitored sample explicitly excluded outdoor CFLs since the meters employed for the study 
operate on the presence of light. That is, meters installed on outdoor fixtures would capture daylight in 
addition to the light emitted by the fixture. The results were adjusted to account for exclusion of 
outdoor CFLs in the sample by applying results from the California Baseline Lighting Efficiency 
Technology Report (Heschong Mahone Group 1997)4 to the inventory sample on outdoor fixtures with 
CFLs.  
The 1997 study provided average run-time hours for outdoor fixtures by fixture type and control type 
based on adjusted self-reported data. These values were applied to the inventory data on outdoor 
CFLs on a per-site basis, and run-time hour results were adjusted by including the inventoried outdoor 
CFLs in the analysis.5 The study results by and large focus on indoor lighting since outdoor lighting 
results are not based on current metered data and may not be reliable.  
 
Sample Disposition 
 
Table 3 presents the final study disposition of the 375 participating sites.  

                                                      
2  While the study attempted to monitor all interior fixtures with CFLs installed, for a variety of reasons (e.g., infeasibility, 
respondent complaint regarding aesthetics, etc.) many fixtures were not monitored. However, the inventory that was taken of 
each participating home captured detailed information on every interior and exterior lighting fixture. 
3 Alternative estimates were also developed, using sample expansion weights that take into account the clustering of bulbs by 
household and stratification of households by region. The alternative estimates were similar to those presented here, with 
differences of 3 percent or less for the overall and service territory averages. 
4 This prior study analyzed data from 3 studies, including an SCE study with 477 time-of-use light meters installed in a 
balanced sample of homes in SCE territory, 1 fixture per household. (Due to attrition, malfunctions, and missing data, the final 
usable sample was 359 meters.) The meters ran for 4 to 8 months each, from the winter or spring to fall of 1993. Self-reported 
data on a larger sample were adjusted based on comparisons between the metered data and the self-reported data on the 
smaller sample. 
5 A second set of adjustment weights was created based on the lighting inventory data including outdoor fixtures. This set of 
weights was used whenever the combined indoor and outdoor estimates were presented. 
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Table 3: Disposition of Monitoring Sample Sites, Fixtures, and CFLs 

Disposition Category 
Number of 
Monitored 
Fixtures 

Number of 
Monitored 
CFLs 

Initial sample 891 1,167 
Dropped out 12 23 
Unreturned loggers  57 71 
Logger failure 70 90 
Included in analysis  752 983 

 
Tables 4 and 5 show the number of fixtures and CFLs included in this analysis by utility service 
territory and room type. 
 
Table 4: Number of Monitored Fixtures/CFLs in Sample by Utility Service Territory 

Monitored Fixtures Monitored CFLs 
Utility Number  Percent  Number  Percent  
PG&E 419 56% 572 58% 
SCE 227 30% 281 29% 
SDG&E 106 14% 130 13% 
Total 752 100% 983 100% 
 
Table 5: Number of Monitored Fixtures/CFLs in Sample by Room Type 

Monitored Fixtures Monitored CFLs 
Room Number  Percent  Number  Percent  
Living room 174 23% 204 21% 
Bedroom 152 20% 199 20% 
Bathroom 103 14% 181 18% 
Kitchen/Dining room 122 16% 170 17% 
Family room 79 11% 93 10% 
Hallway 54 7% 61 6% 
Garage 27 4% 27 3% 
Other room 15 2% 21 2% 
Laundry/utility room 26 3% 27 3% 
Total 752 100% 983 100% 
 
Results 
 
CFL Usage 
 
The following CFL usage results are based on the cleaned, weighted, and seasonally adjusted CFL 
metering data (with the exception of one mention of the outdoor lighting estimate). 
 
CFL Hours of Usage 
CFL usage assumptions are key factors in lighting program savings estimates. In the past, the utilities 
and other energy-efficiency program implementers relied on studies of residential lighting in general 
(not specifically CFLs) or specific impact evaluations of CFL programs. This study’s approach is 
unique in that it provides estimates of CFL usage across all homes in the IOUs’ service territories—a 
segment that has been directly (via point-of-sale rebates) or indirectly (via manufacturer buydown and 
macro effects of the program on product price, availability, and exposure) influenced by the Upstream 
Residential Lighting Program. 
Based on this study’s metering results, the average usage of indoor CFLs in California is 2.3 hours 
per day. The estimate does not change much when the estimate of outdoor lighting usage is included, 
increasing from 2.28 to 2.34. CFL usage varies by room type as shown in Figure 1, with CFLs located 
in kitchens, living rooms, outside, and in garages being used the most and those in laundry rooms, 
bathrooms and hallways being used the least. Other factors driving variation in CFL usage are fixture 
type (suspended, downlight, and torchiere fixtures are associated with higher usage mostly because 
they are installed in high-use locations), control type (use of timers/dimmers increases usage), and 
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whether the CFL was purchased prior to 2001 (newer CFLs are used more often6). CFL hours of 
usage is shown for each of these categories in Table 6 below. 
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Figure 1: CFL Average Hours of Use Per Day by Room Type 
 
Table 6: Indoor CFL Hours of Use Per Day by Monitored Fixture and CFL Characteristics 
Segment Category Min # 

hours 
Max # 
hours 

Avg. # 
hours 

# of 
obs 

Ceiling mounted 0.0 15.6 1.7 221 
Ceiling Fan 0.0 11.2 2.7 86 
Downlights 0.0 12.0 2.8 69 
Floor/Table lamp 0.0 23.3 2.6 312 
Other 0.0 7.3 2.8 4 
Suspended 0.0 12.3 3.8 48 
Torchiere 0.1 9.2 2.9 48 

Fixture type 

Wall-mounted 0.0 8.1 1.6 201 
Switch 0.0 23.3 2.2 969 Control type 
Other (timer or dimmer) 0.3 16.3 5.5 14 
Purchased prior to 2001 0.0 9.0 1.8 91 CFL vintage 
Purchased 2001 or later 0.0 23.3 2.3 834 

 
Household, dwelling, and CFL characteristics that do not cause significant variation in CFL usage are 
geographic location (e.g., northern versus southern latitudes), dwelling type, household composition, 
size of home, electric utility service territory, and CFL base type and wattage category. Likewise, 
customer experience with CFLs (such as when they became aware, when they first purchased, the 
number installed, etc.) does not appear to drive CFL usage. 
Estimated CFL usage from this study is similar to the estimated hours of usage of residential lighting 
in general (Heschong Mahone Group 1997). When broken out by room type, CFLs are operated for a 
longer period versus all lamp types in living rooms, family rooms, and garages, and operated for a 
shorter period in laundry rooms, bathrooms, and hallways, as shown in Figure 2. CFLs might be used 
more often in the most used fixtures in living rooms and family rooms—and in contrast, used with less 
discrimination in lower use areas such as bathrooms, laundry rooms, and hallways (e.g., possibly they 
are used in the most hard-to-reach fixture since they last longer.) 

                                                      
6 This result may be because CFLs are now available in a wider array of applications, sizes, and color renditions, and, as such, 
they may be used more often in high-use areas such as living rooms and kitchens where they may not have worked in the past. 
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Figure 2: Average CFL versus All Residential Lighting Use Per Day by 
Room Type 
 
Hourly Profile of CFL Usage 
The metering data collected by this study were also used to develop load profiles of CFL usage over a 
24-hour period. CFL load shapes show the average percentage that fixtures with CFLs are used for 
each hour of the day, averaged over the entire year. The study results indicate that less than 10 
percent of CFL load occurs during the 12 to 6 pm summer weekday peak period. CFL usage peaks 
between 8:00 and 9:00 pm, and the time period associated with the lowest usage of CFLs is between 
3:00 and 4:00 am. Note that CFL usage on weekends versus weekdays is lower in the morning, 
higher in the afternoon and evening, and about the same at night. 
Figure 3 depicts indoor CFL load shapes by season and day type, with the x axis denoting the hour of 
the day, where 1 = 12 midnight to 1:00 am and 24 = 11:00 pm to 12 midnight. For this figure, winter 
refers to the month with the highest usage, which is December, and summer to the lowest usage 
month, which is June.  
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Figure 3: Indoor CFL Load Shapes by Season and Day Type 
 
Self-Reported Hours of Use 
In addition to using the CFL monitoring data to generate estimates of CFL usage and lifetime, 
respondent self-reported hours of usage were compared to actual monitored data to determine the 
extent of their correlation. If self-reported hours of usage were reliable and close to monitored data, 
collecting these types of data could be relied upon as an approach for future studies. In comparing 
self-reported CFL hours of usage to monitored hours of usage, it was found that self-reported values 
were overestimated by a factor of one-third.7 The correlation coefficient between the two values was 
                                                      
7 This finding is consistent with other similar studies (Ed Vine 2005). 

799



found to be 0.44, suggesting a moderately close relationship.  Figure 4 shows a scatter plot of self-
reported to monitored average CFL usage per day, with a trend line showing the approximate 
relationship between the two variables. If self-reported values were equivalent to monitored values 
across all fixtures (a perfect fit with a correlation coefficient of 1.0), then the points in the plot below 
would fall along a 45-degree line, starting from the junction of the two axes. Since self-reported usage 
is higher than monitored usage, the points tend to be closer to the self-reported usage axis. An 
approximation of the relationship between these two variables is the following equation: monitored 
usage = 0.66 + 0.59 X self-reported usage. 
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Figure 4: Relationship of Self-Reported to Monitored Average 
CFL Usage Per Day 
CFL Installation Patterns 
 
In addition to collecting usage data, the study also sought to gather information on CFL usage 
patterns. The following results are based on the detailed on-site survey and lighting inventory that was 
conducted at each participating site. Approximately 9,000 fixtures were inventoried across the 375 
homes, with about 6,000 fixtures containing incandescent lamps and 2,000 fixtures containing CFLs. 
Due to missing, inaccurate, or inconsistent data, in some cases the number of fixtures reported is less 
than the total inventoried. 
 
Installation/Retention Rate 
The CFL installation rate is another input to determining the savings associated with CFL programs. 
This study attempted to determine an installation or retention rate for CFLs purchased since 2001. Of 
2,739 CFLs purchased between January 2001 and June 2004, 1,794, or 65.5 percent of lamps, are 
presently being used. An additional 10 percent of CFLs purchased since 2001 are being stored for 
future use. A small but noteworthy percentage of CFL purchasers (13 percent) have had some of the 
lamps they purchased since 2001 burn out. The remainder was either given away or were broken. 
 
Wattage Differential 
The pre-installation wattage is another important factor that is considered when determining energy 
savings associated with CFLs. Table 8 summarizes the results from the lighting inventory that was 
conducted during this study, with the wattage of the incandescent bulb that was in place before the 
CFL was installed and the typical wattage range of the CFL that was installed. The most common CFL 
wattage is in the 13–17-Watt range, which is most often used to replace a 60-Watt incandescent bulb. 
 
Table 7: Wattage of Incandescent Bulb Replaced with CFL 

Original Incandescent Wattage Monitored Fixtures w/ CFLs 
 Number Percent 

Typical 
CFL Replacement 
Wattage 

40 55 12% 9-12 
60 250 57% 13-17 
75 84 19% 18-22 
100 53 12% 23-26 
Total 442 100%  

800



CFL Potential 
The incandescent fixtures in the lighting inventory were each categorized as CFL-applicable or not to 
quantify the fraction of incandescent lamps that could technically be replaced with CFLs. Table 9 
shows the results of this analysis. Cost and availability are the prevailing limiting factors in 
determining whether or not an incandescent bulb may be replaced by a CFL bulb. There are currently 
CFLs for sale on the Internet and specialty shops for nearly any incandescent fixture. Even small, 
dimmable, decorative candelabra-types can be found. 
For standard incandescents the main factors are bulb size and dimmability. CFL-style flood lamp 
replacements are difficult to find and are often cost-prohibitive as well. 
 
Table 8. Percentage of Incandescent Lamps that are Technically CFL-Applicable 

Fixture Type Incandescent Lamps that are Technically 
CFL-Applicable 

 Percent  Number  
Standard 94% 6,864 
Flood 81% 170 
Globe 100% 82 
Small base 49% 765 
Reflector 86% 560 
Decorative 100% 40 
Total 86% 8,481 

 
Miscellaneous Installation Pattern Results 
Some additional results worth noting from the lighting inventory include: 
1. There is some evidence that as the number of CFLs installed increases, CFLs are more likely 

to be installed in lower-use areas of the home such as closets and hallways.8 However, the 
average hours per usage per home is not significantly lower for homes with multiple CFLs 
installed.  

2. More than 90 percent of CFLs installed are in the 13–26-Watt range and have screw-in bases 
and integrated ballasts. The most common wattage range is 13–17. 

3. CFLs that were purchased in 2001 or later are more likely to be in the 13–17-Watt or 23–26 
range and are more likely to have an integrated ballast versus those that were purchased in 
2000 or earlier.  

 
Conclusions 
 
This CFL study targeted a large diverse sample of residential homes with installed CFLs, and is 
designed to provide program planners with information on how residential customers use CFLs, which 
serves as an important update to prior residential lighting monitoring studies and CFL program impact 
evaluations. The study’s monitoring results showed that residential customers operate their CFLs 
about the same length of time per day as other lamps (2.3 hours per day) but use them differently on 
a per-room basis. Moreover, the major driver of variation in the usage of CFLs is the room in which 
they are installed.  
The lighting inventory results associated with the metering study concluded that on average 66 
percent of lamps in residential homes with CFLs installed are incandescent. This percentage is likely 
higher in the 56 percent of homes that do not have CFLs (KEMA Inc., 2003). These results confirm 
what other recent studies have concluded that there remains a large untapped potential for residential 
CFL use. While the CFLs on the market today in theory could meet most of that potential, there 
remain cost and availability issues on the supply side, as well as consumer-related barriers such as 
lack of CFL awareness and attitudes towards CFL light quality and unwillingness to pay the higher up-
front cost (KEMA Inc., 2003). 
Residential lighting programs in California have been targeting these upstream and downstream 
barriers over the past several years and, along with national initiatives such as the Department of 
Energy’s ENERGY STAR program, are critical in intervening in lighting markets to tap the remaining 
technical potential. The monitoring results from this study provide crucial program savings parameter 
estimates that will help program planners more accurately determine the energy savings associated 

                                                      
8 This finding is consistent with a prior California lighting program evaluation (Rasmussen et al. 2002). 
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with past and future programs, helping long-term decision-making regarding how to allocate program 
resources at the portfolio level. 
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Abstract 
For a variety of recent residential evaluation projects, the authors were responsible for reviewing a 
wide range of literature and research on CFLs. The research covered topics including: 

• Market characterization, research with manufacturers, distribution channels, and market 
shares; 

• Program and marketing practices and trends;   
• Retention effects, including results of measure lifetime studies, operating hours research, and 

patterns of CFL usage in homes;  
• Program lessons, including results and “best practices” from giveaway, rebate, retail, 

“branding”, and outreach / advertising programs;  
• Net effects and impacts examined through the net-to-gross ratio; and 
• Other factors and effects, including: non-energy benefits, price points and price differentials, 

and features affecting consumer selection of CFLs, and other factors.  
The literature review examines topics that have existing research and highlights those areas with 
important “gaps” to allow targeting future rounds of qualitative and quantitative research relevant to 
program evaluation, and computation of benefit cost and scenario work. This paper presents a 
summary and review of the existing data and industry studies, augmented with information from new 
research conducted in the Midwest, Northeast, and California. The work provides a valuable 
assessment of information with existing research, and highlights important “gaps” in research and 
understanding of decisionmaking and impacts related to CFLs. 
 
 
Introduction1 
 
A fair bit of attention has been paid to CFLs in the US.  The dramatic electricity and cost savings, the 
extended lifetimes, and technological improvements have made CFLs a more attractive lighting option 
than standard bulbs for households (and businesses); however, sales have remained fairly low.  
Significant potential remains for CFL installations due to low saturations and associated energy 
savings.  As a consequence, CFLs have been the focus of many utility-sponsored programs.  Also, as 
a consequence, considerable and increasing evaluation and research attention has been paid to CFL 
equipment.  This paper provides a summary and update of the status of research on a number of key 
topics, points out “lessons learned” and identifies a number of important gaps in the evaluation and 
market research on this key lighting equipment. 
 
Technology And Manufacture Of CFLs 
 
Technology, Evolution, and Manufacture 
CFLs were invented 25 years ago at Royal Philips Electronics.  Compared to standard incandescent 
light bulbs, CFLs provide several key advantages: they use less energy, generate less heat,2 and last 
up to 10 times longer than standard bulbs.  However, in the year 2000, after 20 years in the market, 
they still made up less than 0.5% of the market for light bulb sales – even with program efforts by 
utilities.3  Noting bulb size and shape as a significant barrier to adoption, the Department of Energy 
                                                 
1 This paper was written based on a combination of work conducted for several clients, augmented with in-house research and 
analyses by the authors.  Portions of this work derive from research conducted for Xcel Energy, Minneapolis, Minnesota, 
NYSERDA (New York State Energy Research and Development Authority, Albany, NY), the California Public Utilities 
Commission, San Francisco, CA, and others.  
2 By some measures it saves 90% of heat; in other work, total heat energy in building is 20-30% as much as an incandescent 
depending on the CFL and the baseline. 
3 Including significant market transformation efforts by California utilities in the 1990s.   
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developed a program to encourage development of a “subcompact” CFL by manufacturers.  Several 
other technology changes have also taken place over the last 5-10 years:4 

• Improved phosphor coating, 
• Electronic instead of magnetic ballast, 
• Higher industry performance standards, and  
• Other improvements.5 67 

 
Manufacturer interviews conducted by the authors indicate that important past problems with CFLs 
have been overcome.8 In particular, they mention reductions in hum, flicker, and warm-up time.  Price 
improvements are also mentioned as an important CFL improvement; efficacy (lumens per Watt) 
improvements are also noted.  Surveys indicate that CFL purchasers are becoming more satisfied 
with the products, in large part because CFLs have undergone a continual series of significant 
improvements in technology and features that have resolved prior problems hum, flicker, start-up 
times, and improved the quality of the light.9  These changes, coupled with improvements in the 
flexibility of subcompact CFLs as retrofit equipment in existing sockets, the US energy crisis, and US 
national and regional Energy Star® quality and promotion initiatives have helped stimulate CFL sales. 
By 2001, CFLs represented 2.1% of retail sales, with higher shares in some areas of the country.   
A large number of firms manufacture CFLs, some under their own manufacture, and other with the 
assistance of subcontractors producing equipment meeting defined specifications.  The Asian market 
has reportedly gained a foothold in CFLs in the last several years.   Manufacturers that construct their 
own units but also purchase a portion from OEM (original equipment manufacturers) report that, in the 
last few years, the Asian supply market has gained a foothold in both lighting equipment and, 
presumably, CFLs (Skumatz, et. al., 2004 [22], Skumatz, et. al., 2005 [19]).10   
 
CFL Distribution and Market Share 
 
Distribution 
An important aspect of CFL adoption is the ease in which consumers can obtain bulbs.  Although 
manufacturers have made inroads in compatibility between CFL and standard bulb fixtures, 
consumers may have had difficulties finding CFLs in locations where they normally purchase 
incandescent bulbs.11   One study has shown that while the greatest share of incandescent light bulbs 
are sold in grocery stores (31%),12 only 1.3% of CFLs are sold in the same location.  Rather, the vast 
majority of CFLs (57%) are sold in home centers, with the next-largest share sold in hardware stores 
(NRDC 2004 [13]).  Other data (Skumatz 2004 [22]) finds that in New York State, more than half of 
CFL purchases were made at “big box” retailers like Home Depot, Lowes, and Sears. Since most 
(83.4%) of the purchasers of CFLs are residents of the home in which the bulb will be installed, an 
increased presence of CFLs in grocery stores, where consumers are accustomed to purchasing bulbs 
for home use, may make CFL purchases more likely and more convenient (Skumatz et al. 2004 [22]). 
Surveys conducted by the authors with manufacturers agree, and indicate that manufacturers report 
that the largest share of CFL sales are conducted through “big box” stores and home centers.  
Distributors and intermediaries (including buying clubs) are responsible for the next largest share of 

                                                 
4 The California utilities note a significant change in the quality of CFLs promoted before vs. after 1998, perhaps representing a 
watershed year in CFL performance and characteristics.  Some also suggest that much of this technological transformation has 
been due to initiatives undertaken by utilities, which set out to broaden the range of uses for CFL bulbs under the direction of 
the California Public Utilities Commission (SDG&E 2005 [16]). 
5 One study (LRC 2005 [10]) found that screwbase bulbs are achieving even longer lifetimes than manufacturers are promising, 
although some fail very soon after installation.  The average median life, or the time after which 50% of the lamps have failed, 
was 12,500 hours. 
6  Lamp life was not significantly affected when enclosed in fixtures at 90 degrees Fahrenheit.  Another source on CFL efficacy, 
color rendering, color temperature, and long-term tests of life and light output is the Lighting Research Center, which runs the 
Program for Evaluation and Analysis of Residential Lighting (PEARL), note improvements in bulb features and performance.  
http://www.lrc.rpi.edu/programs/PEARL/index.asp 
7 The value of the PEARL program lies in objective third-party testing, carried out by a NVLAP-accredited laboratory.  
http://ts.nist.gov/ts/htdocs/210/214/214.htm 
8 And research by the authors also indicated new technologies and innovations are on the way.  This includes improvements in 
20W screwbase and ceramic metal halide bulbs, LED lamps, and other technologies.   
9 Early problems with this equipment may have left a legacy of concerns about CFLs in the marketplace.  The main concerns 
and recollections / anecdotes seem to focus on early burnouts and poor light quality.  NEEA (2004) [12] and KEMA (2005) [8] 
have examined evidence for this impact.  
10 An inventory of Energy Star® manufacturers can be found on the Energy Star® website- www.energystar.gov, Skumatz, et. 
al. 2004 [22], Skumatz, et. al. 2005 [19], and other sources 
11 Relatively little quantitative work explores this topic. 
12 Followed by mass market locations followed by home centers. 
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CFL sales.  Once at the distributor location, the vast majority of sales are directly to end-users, and 
specifically homeowners.  Very few are sold independently; large box stores, chain retailers, and 
buying groups make up the key channels from manufacturer to distributor and end-users.  Very few 
are sold to builders or contractors, and distributors estimate that the majority are used in retrofit.   
Interviews, surveys, and store-related information collected and conducted by the authors indicate 
that most CFLs are purchased as retrofit equipment – to fit in existing fixtures in place of incandescent 
bulbs (or sometimes replace CFLs).  According to 2004 survey results from New York, more than 80% 
are purchased by someone in the home; households reported that contractors (who might be 
purchasing for new or remodeled applications) purchased only about 2% of CFLs.  The current market 
for CFLs is retrofit, rather than initial installation in new homes.  Distributors and manufacturers report 
they saw opportunities to increase sales and markets through increased variety of CFLs, increased 
need for conservation, and through continued involvements of US utilities in increasing awareness 
and usage.  Several noted that market share is relatively low, and believed additional marketing and 
education is needed to further stimulate market share.   
 
Market Share Information:  Limited at Best 
Estimates of sales, shipments, or market share for CFLs are difficult to obtain; however, the data 
available indicates that market share has increased since the late 1990s.  Several surveys and 
studies indicate that national sales figures increased from about 0.5% in 2000 to about 2% by 2002 or 
2003 (SCE 2004 [25], NEEA 2004 [14], KEMA 2003 [9]).  Some areas, such as California and the 
Northwest, have seen higher shares, on the order of 5-7%.  In California, sales by 2002 or 2003 may 
have increased to 3-5% of bulb sales.13  Nationally, it is estimated that CFLs comprised about 2% of 
screwbase lamp sales in 2004.  Several studies indicate sales share increased by perhaps 50%-60% 
annually since 1998  (Southern California Edison 2004 [25], and Megdal and Associates 2003 [11]).  
However, these increases are expanding from a very small base and would not be expected to 
continue, especially since the long life of CFLs means that parity with incandescents (in terms of 
usage) would be achieved with a market share of about 15%.  Data from the Northwest indicate the 
average person purchases 0.3 CFLs per year.14  Table 1 below summarizes the results from several 
recent studies examining the extent to which households purchase CFLs relative to standard bulbs. 
 
Table 1:  CFL Sales / Screwbase Lamp Sales 

Study/Date National California Northwest 
SCE 2004 1.8% (2003)  3.1% (2003) - 
NEEA 2004 2.1% (2002)  - 7% (2002) 
Kema 2004 0.5% (2000) 

1.5% (2001) 
2.1% (2002) 

1.0% (2000) 
5.6% (2001) 
5.1% (2002) 
~8% (2005)15 

- 

Sources: (NEEA 2004 [14], Xenergy 2002 
[28], Megdal and Associates 2003 [11], Kema-
Xenergy 2005 [8]) 
 
Another indicator of CFL usage is saturation, which can be measured by the percentage of lamps with 
screwbase sockets that contain CFL rather than incandescent bulbs, or the total number of CFLs per 
household.  In studies by Megdal and Associates (2003) [11] and Xenergy (2002) [27], a range of 49-
55% of households had at least one CFL, and a range of 5.8-7% of screwbase sockets contained a 
CFL.  A study by Northern States Power (1996) [15] showed an average of 0.8 CFLs per household in 
Minnesota, compared with 0.27 per household in North and South Dakota.   
 
Awareness and Satisfaction 
 
The literature indicates that key sources for information on bulbs and lighting equipment are: Advice 
from a friend; consumer reports / consumer magazines; advice from retailers / salespersons; or the 
internet (Skumatz 2005 [21], CEE 2004 [1]).  Electronic sources for information on lighting and 
                                                 
13 One study in the Northwest indicates the sales share may be as much as 7% by 2002 (NEEA 2004 [11]). 
14 Kema-Xenergy (2005) [8] has also found that several other factors play an important role in CFL purchase and use behavior.  
Specifically, the study finds that household owners are more likely to purchase CFL bulbs than renters, and that residents of 
single-family homes are more likely to make CFL purchases than those that live in multifamily buildings.  However, other factors 
such as annual earnings and location in an urban or rural environment were not related to purchasing behavior. 
15 Reported by anonymous reviewer, and attributed to 2006 California Residential Appliance Saturation Survey conducted by 
RLW Analytics. 
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consumer products are cited as product manufacturer web sites, consumer organization websites, 
and retailer websites.  Utility websites were used about half as frequently as retailer websites.  
Although CFL awareness started to increase around 2001, it remains low.  On a 1-10 scale, where 1 
corresponds to “not at all knowledgeable” and 10 means “extremely knowledgeable”, awareness in 
California increased from 6.7 to 7.6 between 1998 an 2001, and decreased to 7.2 in 2003 (Kema-
Xenergy 2003 [9]).  During the same period, consumer awareness of Energy Star® labels increased 
from 42% to 54%, and awareness of the meaning of Energy Star® increased from 60% to 76%.     
 
Positive and Negative Features and Satisfaction  
Users report the most important characteristics of light bulbs include brightness, equivalent light 
output, and warm color.  They expect color consistency and predictability from CFLs (Rensselaer, 
2003 [3]).  A study in the Northeast found purchasers’ reasons for buying CFLs included: savings, 
longer life; to try them out, and to help the environment / the right thing to do (Skumatz 2005 [19], 
CEE 2004 [1]).  The main reasons CFLs are not purchased included: high cost16, could not find right 
“fit”, not available at the store, and quality of light / color (NEEA 2004 [14]). Retailer perceptions of the 
key advantages of CFLs align with those of householders.  According to a study in California, they 
include:  lower operating cost / energy savings, longer life, lower life-cycle costs, and less damage to 
the environment (Xenergy 2002 [28]). 
Eighty percent of CFL purchasers reported they were at least as satisfied with the CFLs they 
purchased as with purchases of incandescents (NEEA 2004 [14]).  More than one-third said they were 
more satisfied.  The main reasons for dissatisfaction were: 

• the lamps were not as bright as they were led to expect, or  
• they didn’t like the lighting (a high percentage).   

CFL purchasers are becoming more satisfied over time.  One study (KEMA 2005 [8]) noted that 28% 
of purchasers are more satisfied with newer CFLs than earlier purchases, and only 5% were less 
satisfied.  Reasons for higher satisfaction were related to the shape and size of the CFL; reasons for 
remaining dissatisfaction included early burnout, cost, and product style.  Satisfaction levels and the 
percentage of purchasers that indicated they would purchase CFLs without a discount (NEEA 2004 
[14], KEMA 2005 [8]) have decreased over the last several years.  Studies speculate this may be 
because purchasers are moving from early adopters to a broader market.17     
 
Price Issues  
One of the major factors affecting acceptance and purchase of CFLs is the fact that CFLs have higher 
prices than standard incandescent bulbs.  CFL prices vary by wattage and features; the DEER study 
in California indicates the incremental cost of CFLs ranges from $4.90 to more than $8, depending on 
CFL type.18  However, studies indicate that average CFL prices have fallen over the last five years.  
Average retail prices in California fell from $6 in the year 2000 to $2 in 2005 (KEMA-Xenergy 2005 
[8]).  The literature also suggests prices in California are lower than Wisconsin or the Northwest.    
This pattern of falling prices and increasing purchase can help manufactures reach improved 
economies of scale, lowering prices and further stimulating demand.  However, the program factor 
has also been very important in increasing demand for CFLs.  Beyond efforts to increase awareness 
and knowledge about the equipment, many programs are offering discounted CFLs, and are finding 
that with a $1-$2 price differential as compared with standard bulbs, CFLs “fly off the shelves”. 
(Skumatz 2005 [18])   
 
Utility CFL Programs:  Approaches and Results  
 
Program Marketing  
Early CFL programs tended to be give-aways and coupon programs. Now, utilities have transitioned 
toward partnerships with retailers to help stimulate development of and changes in market 
infrastructure and increase the value that residents place on the CFLs.  Most CFL programs distribute 
CFLs from one or more manufacturers through a variety of large retail stores; a few work with one 
manufacturer and retail distributor (e.g. the Midwest Energy Efficiency Alliance, MEEA 2004 [12]).  
CFL programs are consistent in the marketing methods they use. Most use print ads, radio 
campaigns, and point-of-purchase merchandising while a few (e.g. California, New York) use TV 
                                                 
16 A KEMA-Xenergy (2005) [8] study found the importance of the barrier of high cost fell from 41% in 2001 to 15% in 2003. 
17 Other information (on awareness of CFLs, KEMA-Xenergy 2003 [9]) notes an increase in awareness between 1998 and 
2001, and a decrease to 2003).  It may be that the energy crisis around 2001 led to a spike in awareness, purchase, and 
satisfaction with CFLs.  
18 and installed incremental costs range from $8 to more than $12 depending on assumptions 
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promotions also.  Almost all of these campaigns promote the societal benefits of energy efficiency, 
and the financial value of those efficiency improvements to the consumer.  Regardless of marketing 
tactics, ICF (2000) [6] found that “Introducing new products to consumers requires substantial 
educational and promotional outreach” working "to achieve the goal of informing and motivating the 
general public.”  However, several studies suggest that many current CFL programs do not 
adequately address this need.  Further, ICF found that different messages are required to motivate 
different types of customer – regionally and demographically.  This diversity is required as purchasers 
move beyond environmentally-aware “early adopters.”  Furthermore, Megdal and Associates (2003) 
[11] found that “Product improvements and . . . selection have increased . . . [but m]arketing and 
education on these improvements needs to occur” in order to overcome previous barriers to adoption.   
 
Program Process 
There are several sources on information about the success of CFL programs and their administration 
and delivery (process evaluations).  Several of the evaluation studies that are most relevant for 
comparison include the 2004 Annual Report of the MEEA “Change the World, Change a Light” 
program (MEEA 2004 [12]), feedback from retailers and manufacturers on the California Statewide 
Crosscutting Residential Lighting Program (Kema-Xenergy 2005 [8]), and the findings of Quantum 
Consulting’s Best Practices Survey (Quantum 2004 [26]). 
The MEEA “Change the World, Change a Light”, conducted in coordination with EPA Energy Star® 
efforts, offers discounted CFLs at selected retailers.19  The program evaluation reported strong 
satisfaction and sales; however, it also noted that the program could have been improved by adding 
additional retailers to provide better sales coverage, improving communication with retailers, and 
events need strong publicity up-front. 
Kema-Xenergy (2005) [8] found that retailers and manufacturers had a high level of overall 
satisfaction with a retailer-based program, but areas of dissatisfaction existed.  Two key suggestions 
were to allow larger allocations of incentive money to be made available and to provide advance 
notice of program funding and other program details.  In 2002, Xenergy conducted another study of 
retailers and found that there were few barriers to the sale of CFLs; the product sold quickly, brought 
people into the stores, and attracted repeat customers; and CFL sales were not expected to ever 
make up a significant proportion of overall lighting sales. (KEMA-Xenergy 2003 [9]) 
 
Best Practices 
More detailed evaluation work – especially work focusing on the identification of “best practives” -- has 
also been conducted. The authors reviewed a number of “best practices” studies that include broad 
suggestions that serve as useful reminders to those designing “next” programs..20 21   
 
Program Design and Process:  The studies emphasize conducting market research sufficient to 
develop a sound program plan with multi-pronged, inclusive participation strategies.  Other positive 
features include links between design and tactics to program theory and logic, and developing 
measurable indicators with clear sources of data (and buy-in from regulators where needed).   
Measurement of progress needs a clear baseline and accurate data collection process, an 
appropriate, periodic verification process (tracking and computations), and detailed and well 
documented evaluation process linking to program goals. The evaluation work should provide a 
feedback loop for integration into program refinement / management.  Programs with clear 
responsibilities (but with flexibility) perform better, and implementation using an RFP process is 
recommended.  Of course, quality CFLs (potentially independently tested) are key to program 
satisfaction, and the “best practices” reports recommend avoiding give-away programs that devalue 
the product.  .   
 
Marketing Suggestions:  Marketing should address bulb cost, energy use, and a compelling 
message on the energy savings and other benefits for the home provided by CFLs – but the 
marketing must use simple, clear language that avoids industry jargon.  However, where there are 
                                                 
19 With retailers / manufacturers selected through an RFP process, etc. 
20 The sources include  Andrew Goett's (HBRS Inc.) 1994 [5] investigation of the degree to which aggressive promoting 
measures affected the residential CFL programs of Southern California Edison, Pacific Gas & Electric Company, and Orange & 
Rockland Utilities based on their program evaluations;  Quantum Consulting's 2004 [26] summary of national best practices in 
residential CFL programs which studied in detail six programs from different areas of the country; and  a 2003 study conducted 
by Rensselaer [3]. 
21 A few suggestions were also made related to equipment (Goett [5]), including: Investigate the best physical size for typical 
residential fixtures; develop new Energy Star® metric: specify lamp / ballast dimensions and improve communication of color; 
and shorten requirements for a maximum warm-up time of three minutes for non-amalgam lamps 
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differences with the CFLs (longer start-up time), marketing may be needed to “reset” customer 
expectations.  Simplified (less “busy”) packaging will help improve communication, and improvements 
are needed in the communication of color issues associated with CFLs (CCT does not work well). 
Buy-in and leveraging with manufacturing partnerships, and retail outreach and support will aid the 
program (and its cost-effectiveness), and help assure that the product is stocked and advertised; 
however, the program should take care not to “over-market” a limited supply. The studies suggest that 
programs should allow participation strategies to evolve or change with time and success, but keep 
them simple. 
 
Distribution Suggestions:  The studies suggest that awareness is a limiting factor.  Information and 
education need to be central to any promotional program.  Retail delivery channels seem to be 
superior to direct mail due to higher installed rates and groundwork laid to promote adoption, and use 
of barcodes can significantly simply redemption for retailers.22  However, retailer agreements need to 
be short and clear, ideally not more than one page, and assure correct use of logo. 
 
Cost Effectiveness 
CFL programs typically have limited funds available to influence a very large number of consumers to 
buy CFLs through various retail outlets.  This desire to affect purchases broadly often requires CFL 
program managers to make decisions that narrow the target market or targeted product ranges. Table 
2 presents estimates of the cost-effectiveness of prominent CFL incentive programs (based on 
information from MEEA (2004) [12] and Quantum Consulting 2004 [26]).  
 
Table 2:  Cost-Effectiveness of Best Practices for Residential CFL Incentive Programs  

 
CA 
Utilities 

Efficiency 
Vermont 

Mass. 
Electric 

Midwest Energy Efficiency 
Alliance NW EEA23 

United 
Illuminating 

Total Resource  
Cost/Societal Test  3.5 2.3 

(B/C ratio) 2.4 8.34 
(B/C ratio) 1.62 1.77 

Incentive Cents per kWh  45 6 12 3 N/A 8 
Non-Incentive Cents per kWh  13 86 6 3 1 11 
TOTAL Cents per kWh 58 92 18 6 >1 19 

(Source: Quantum Consulting, 2004 [26]; Units = Cents per kWh saved) 
 
 
Elements of CFL Program Energy Savings  
 
Energy Savings 
Energy savings computations for CFLs are fairly straightforward; detailed analyses of energy savings 
found that kWh savings vary with:24 

• Watt of new CFL 
• Watt of bulb replaced 
• Climate zone, and  
• Vintage of bulb. 

 
Results indicate that energy savings vary from 20-80 kWh per unit, depending on the situation 
(above), and the peak savings in watt per unit range from 2 to more than 5 watts per unit.  Residential 
CFL loads peak at 20:00 to 21:00 and generally do not contribute to overall load during peak periods 
(KEMA, 2005 [8]).  There have been few studies examining interaction effects with other equipment in 
the buildings and CFLs produce minimal heat output compared to standard fixtures. 
However, of course, program savings, or the savings attributable to a program, are not solely a 
function of the bulbs installed and replaced.  Consideration must be taken of several other key inputs 
to the computation, including: 

• Net to gross ratios that account for the savings impacts above and beyond what would have 
occurred without the program; 

• Technical degradation of the CFLs, if any; 

                                                 
22 The studies also suggest that due diligence requirements from regulators can put undue burden on retailers regarding risk of 
ineligible customers, especially where utility territories do not well-match marketing, distribution, or other record-keeping or 
sales boundaries.  In addition, as the price for CFLs decreases, the proportional cost of coupon redemption may become 
burdensome. 
23 Northwest Energy Efficiency Alliance 2004 [14] 
24 Found in DEER – the Database for Energy Efficient Resources, www.energy.ca.gov/deer/ 
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• Hours of use; and  
• Measure lifetimes and the length of time the CFLs remain in place. 

 
Research related to these topics is presented in the following sections. 
 
Net To Gross Ratio, Free Riders, and Spillover  
The net-to-gross ratio (NTG) is an indicator of the share of the program’s gross energy savings that 
can be properly attributed to the program’s influence, above and beyond what would have occurred 
without the program.  The ratio consists of two main elements: 

• Free ridership, which acts to decrease the gross savings by accounting for the fact that some 
participants would likely have installed the CFLs and realized the savings, even if the program 
had not been in place.  

• Spillover, which acts to increase the gross savings by accounting for the influence the 
program has had on the market.  This influence is a combination of three types of spillover:25   

o Within project spillover:  participants purchased through program 
o Outside project spillover:  participants purchased additional CFLs though other outlets 
o On-participant spillover:  Non-participants were induced to purchase CFLs because of 

suggestions from participants, greater availability in the marketplace, etc. 
Results from a nationwide study of CFL programs (Skumatz, et.al. 2004 [23], Skumatz, et. al. 2005 
[20])26 show the average Net to Gross (NTG) ratios for CFL programs have a common range of 80-
90%, with an average of 87%.  The same nationwide study showed a wide range of results for free 
ridership and spillover. 

• Free ridership from programs around the country ranged from 1-50%, with an average of 
29%.  These results indicate that, on average, about one out of four of the CFLs purchased 
under programs studied would have been bought without the influence of the program.  This 
figure represents naturally occurring adoption from the purchases made under the program. 

• Spillover estimates ranged from 8-32%, depending on program design.   These results 
indicate that for every 10 CFLs purchased (and incentivized) through the program, another 
0.8 to three CFLs were purchased outside of the program incentives.   

• Net-to-gross ratio estimates ranged from 80-91% (average 87%).  This indicates that, on 
average, almost 90% of the CFLs purchased – or the savings achieved – occurred due to the 
influence of the program.  These are savings and CFL adoption changes that are attributable 
to the program.   

Certainly, these results vary by type of program, and there was some tendency for give-away 
programs to result in higher free ridership than other designs.   
 
Installation Rates 
 
CFL Installations and Lifetimes 
More than 90% of the “first” two CFLs purchased are installed; installation rates for additional bulbs 
decrease to 75-87% for the 3rd through 5th CFLs, and 52-62% of the 7th and 8th CFLs (KEMA-Xenergy 
2005 [8]).  Early distribution was by direct mail promotions; later distribution was through regular retail 
channels.  Although the number of sales per purchase was slightly lower, the installed rate was higher 
for retail distribution as compared to direct mail (Goett, 1994 [5]). 
Another factor that affects the computations of program-attributable savings is effective useful lifetime 
for CFLs.  In California, where a great deal of work has been conducted on measure lifetimes, CFLs  
historically been assigned a lifetime of 5.8 years for residential applications.  A recent detailed 
analysis of more than 100 measure lifetime studies by Skumatz and Dimetrosky (2004) [23] updated 
the measure lifetimes to about 9.4 years for indoor screw in CFLs (based on 2.34 hours of use per 
day), and 7.1 years for outdoor installations (based on 3.1 hours of use per day). 
 
CFL Usage 
The literature indicates average hours of use of CFLs is about 2.28 hours per day. Including outdoor 
CFLs increases the average to 2.34 hours in California (KEMA-Xenergy 2005 [8]).   A Massachusetts 
study (Megdal 2003 [11]) found average daily use for CFLs was 4 hours.  High usage and low usage 

                                                 
25 Although these brief definitions presented here were more complex given this was an outreach / advertising program. 
26 The analysis in this section was based on a database of free ridership, spillover, and net to gross findings assembled by 
Skumatz Economic Research Associates, Inc. (SERA), gathering data from well over 100 residential, commercial, and 
industrial programs from across the US.   (www.serainc.com). 
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factors are summarized in Table 3.  The study also summarizes average hours of use by room from 
several studies.  Other findings by the Kema (2005) [8] study include:27 

• On average, daily hours of use varied by 0.7 hours per day between winter and summer.  
• Hours of use varied by about 1.5 hours from summer to winter in “sensitive” rooms (i.e. those 

with day-lighting that are used during daylight hours). 
• Multi-family buildings had higher daily hours of use than single-family homes.  
• Homes with children had higher daily hours of use than homes without children. 
• Homes with seniors had the lowest usage.   

 
Studies by Kema (2005) [8], Xenergy (2002) [27] and Megdal and Associates (2003) [11], all found 
similar results regarding the average CFL hours of use and the percentage of room types with CFLs 
installed The greatest potential for future savings may lie in kitchens, family rooms and garages,28 all 
of which have high usage but a comparatively small percentage of CFLs.   
 
Table 3.  Average CFL Hours of Use per Room Type, Program Participants  

Percentage of rooms with CFLs 
Room type CFL hours per day29 

(Kema 2005) [8] 
California 
(Kema 2005) [8] 

Vermont 
(Xenergy 2002) 
[27] 

Massachusetts (Megdal and 
Associates 2003) [11] 

Kitchen 3.5 11% 8.7% 17% 
Living room 3.3 17% 6.9% 17% 
Outdoor 3.1 23% 10.8% 6% 
Family room 2.5 8% 4.7% 3% 
Garage 2.5 2% No data No data 
Bedroom 1.6 18% 2.6% 18% 
Bathroom 1.5 11% 3.8% 5% 
Hall/entry 1.5 5% 5.2% 9% 
Laundry room 1.2 3% 7.1% No data 
Basement No data No data No data 11% 

Source:  Various studies 
 
Retention, Measure Lifetimes, and Persistence of Savings 
Several studies have looked at CFL retention: 30  

• Kema (2005) [8] found that of CFLs purchased between January 2001 and June 2004, 65.5% 
were being used at the time of the survey (March-September 2004). 

• NEEA (2004) [14] found that retention rates in the Northwest were around less than 50%. 
However, over the two years of the survey (2002-2003) retention rates improved significantly. 

A detailed study (Skumatz, Gardner, et.al. 2005 [20]) examined more than 100 measure lifetime or 
estimated useful lifetime (EUL) studies that had been conducted in California over the last decade to 
derive new EULs.  The updated DEER measure lifetimes compared with the California Protocol EULs 
are presented below. 
 
Table 4:  Updated DEER Measure Lifetimes  

Identification / Information Years 

 Measure Name from EUL Study Sector 
DEER Newly Adopted 
EUL (2005) 

Interim / previous DEER 
EUL 

A Priori Protocols 
EULs 

CFL Bulbs  CIA 
Varies based on operating 
hours Varies 5.8 

CFL Fixture: no add'l description C 12 16 12 
CFL Fixture: no add'l description R 16 16 N/A 

Source:  Skumatz and Dimetrosky 2004 [23] 
                                                 
27 Characteristics that are not associated with variations in CFL usage are: geographic location (e.g., northern v. southern 
latitudes), dwelling type, household composition, size of home, electric utility service territory, CFL base type and wattage 
category, and customer experience with CFLs. 
28 Note that many garages may already have linear fluorescent lamps installed. 
29 The current DEER hours of operation estimates are derived from the CFL metering study executed by KEMA.  The KEMA 
study was conducted between July 2003 and October 2004. For it, 369 homes considered to be in the territory of PG&E, SCE 
and SDG&E were monitored using time-of-use loggers. 
30 One additional study looked into the issue; however, we were unable to determine the elapsed time between installation and 
the study to use to judge the removal figures. Northern States Power (1996) [15] found that removal rates were 2.0% for rebate 
participants, 12.1% for non-participants; a difference that was suggested as possibly due to the increased quality of CFLs 
offered through the rebate program compared to the general market. 
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A summary of EUL revisions based on operating hours from a logger study31 is as follows: 
• Indoor screw in, 2.34 average daily operating hours: 9.4 years EUL 
• Outdoor screw in, 3.1 average daily operating hours: 7.1 years EUL32 

 
Energy and Load Savings 
Friedman (2000) [4], in a review of lessons from past CFL program experience in Latin America, 
noted that residential CFL programs save electricity and reduce peak load demand.33  Furthermore, 
Kema (2005) [8] showed that residential CFL loads peak strongly at 20:00-21:00 hours (i.e. that CFLs 
do not contribute to overall load at peak times). 
A comprehensive DEER dataset with analysis of incremental energy savings associate with CFLs 
includes information on both energy and load savings at a very detailed level.34  The database 
includes the following estimated energy and demand savings values: 

• The estimated energy savings values range from 20 – over 80 kWh per unit, depending on 
the assumptions and conditions. 

• The estimated peak load savings (in watts per unit) range from 2 to more than 5 watts per 
unit, depending on specific CFLs and other assumptions. 

 
Other Issues and Effects 
 
Non-Energy Benefits 
Non-energy benefits represent often-omitted effects from energy efficiency measures.  A significant 
body of work has been developing around recognizing and measuring non-energy benefits (NEBs), 
and the discussion in this section is derived from Imbierowicz and Skumatz 2004 [7].  NEBs include a 
variety of positive and negative program impacts of hard-to-measure effects (e.g. comfort).  The 
literature35 sorts these benefits into three “perspectives”: 

• Utility / Agency NEBs: Benefits accruing to the utilities or program-sponsoring agency  
• Societal NEBs: Benefits beyond those for the utilities / agencies or participants 
• Participant NEBs:  Impacts that are realized and recognized by program participants   

The NEB analyses indicates that Energy Star® CFL marketing and outreach programs have led to 
significant benefits that are recognized by participants, but not recognized by the program 
(Imbierowicz and Skumatz 2004, p.95 [7]).  

• The results demonstrate that the estimate of net non-energy benefits totals up to 90% of the 
energy savings associated with CFLs.    

• The NEBs show that owners value the program’s benefits in terms of factors like better CFL 
performance, as well as less tangible benefits like environmental impacts and personal 
satisfaction from the system.   

• The results corroborate that features of the CFLs beyond the energy savings are important to 
the purchase (and value) decision surrounding CFLs, including lower maintenance, doing 
good for the environment, and a host of other “features”.  

The NEB results imply that CFL payback years to the household are nearly halved when NEBs are 
considered in the assessment.  Clearly, this matches with focus groups and other work that note that 
longer times between replacement can be very valuable – especially in difficult-to-reach installations.  
Further, the NEB information may be useful to utilities trying to assess the wide range of impacts 
provided by utility programs.   
 
“Gaps” And Lessons In CFL Research 
The review indicates that CFL technology has advanced and provides products with appealing 
features including performance similar to standard bulbs, good fit in fixtures, long lifetimes, and 
excellent savings.  Early technical problems have been overcome for the most part, and price 
                                                 
31 Source:  Gary Cullen, Itron, Personal communication with Skumatz, (CFL_EUL.xls), 5/12/05 [2] (info based on 8,000 hour 
manufacturer rated bulb life) 
32 The California Public Utilities Commission (CPUC) expects that these figures may be further revised, because they are 
largely based on operating hours from one study; however, it represents the best information on CFL lifetimes to date. 
33 Specifically, he notes that the energy savings have been cheaper than expanding electricity supply, and that CFLs have been 
an important component because residential lighting (mostly with incandescent bulbs) is usually the main component of 
evening peak electricity demand in Latin America. 
34 This comprehensive database includes an analysis of CFLs under the tables headed “residential non-weather sensitive 
measures”.  The extract of information related to CFLs is attached in Appendix B.  The web link for the full database is found at 
“www. Energy. Ca.gov/deer/”, and the dataset is found at “http: // eega. Cpuc. Ca. gov”.  Other versions of the dataset are also 
found at the energy.ca site.   
35 Skumatz, Lisa A., Chris Ann Dickerson, 1997 [24], and the studies cited therein. 
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differentials are falling.  However, prices in most areas still seem to be higher than most residents are 
willing to spend.  Areas with CFL programs and retailer partnerships have found dramatic increases in 
sales when residents are stimulated by promotions and price breaks.  Energy Star® branding seems 
to provide extra confidence in quality, and customers recognize and value a number of non-energy 
benefits related to CFL performance and features.  Several studies have provided information on 
“best practices” for CFL programs.   
 
However, there are a number of areas in which research is lacking.   

• CFL market share and market sales figures are not widely available and are expensive to 
obtain, but are very important to program evaluation.  This makes it difficult to track program 
progress, and complicates identifying whether exit strategies are needed for programs.   

• The other area in which continuing research would be useful includes price point and 
willingness to pay.  Identifying the threshold price at which CFL purchases would increase 
would help programs identify optimal rebate levels. 

 
The best practices identified in the report provide useful tips for the design and operation of programs 
related to residential CFLs.  In addition, the research indicates that there are a number of 
opportunities for increasing sales of CFLs for residential applications: 

• Technology:  Continuing technology improvements to provide high quality applications 
beyond the widely-accepted small 13-23 watt applications.  Energy Star® CFLs for recessed 
fixtures, as well as CFLs that will work well in outdoor applications, and with dimmers and 
photo cells would likely help expand the market. 

• Labeling: Residents find labeling on the packaging to be confusing.  They particularly report 
problems with the (EPA) match or equivalencies stated between CFL watts and incandescent 
watts; many report the lights are dimmer than the bulb it replaced.  EPA may want to re-work 
these equivalencies to minimize disappointment.  Poor or disappointing performance of a bulb 
has a long memory in the marketplace, and should be avoided wherever possible.  There 
have been some efforts to cite lumen equivalents instead of wattage equivalents to account 
for the fact that a CFL watt is not necessarily perceived the same as an incandescent watt. 

• Beyond retrofit:  Virtually all the CFLs are sold to homeowners for retrofit in existing fixtures.  
To continue to expand the adoption of CFLs – and to help prevent backsliding to 
incandescent bulbs – programs may want to focus on CFL fixtures, and on developing 
programs to interest builders and contractors in CFLs.  In some areas of the US, codes and 
standards are being used, requiring new homes to have a certain number of CFL / Energy 
Star® fixtures; however, the market still needs considerable attention.   

• Additional rooms:  There are several opportunities to expand use of CFLs.  Although CFLs 
are most commonly installed in kitchens, living rooms, and bedrooms (and outdoors in 
California), not all fixtures in these areas have CFLs.  In addition, expanding capabilities of 
CFLs so they can withstand cold outdoor temperatures would expand applications of CFLs.  
Greatest future potential may lie in family rooms and garages that have high usage and fewer 
CFLs.   

• Marketing using NEBs:  Non-energy benefits analysis shows households with CFLs report 
they particularly value the lifetimes and environmental benefits, but a significant share also 
state the value high quality lighting from CFL.  Given this information comes from CFL 
owners, using this information in marketing may help appeal to new purchasers.  Cooperative 
marketing efforts, sponsorship from CFL manufacturers, and local / regional / national 
coordination in promoting CFLs provides an opportunity to leverage program dollars and 
capitalize on awareness opportunities for CFLs.   

• Retailers:  Capitalizing on feedback from retailers, an education program assuring retailers 
that CFLs have the same or fewer complaints as other products may help add allies in 
increasing CFL market share.  Retailers are a key ally in increasing both awareness and 
sales, through efforts in marketing and point of purchase, good placement in stores, 
promotions, and other activities.  Finally, considering whether it is possible to gain higher 
penetration (and decent aisle placement) for CFLs in grocery stores may provide another 
opportunity for increasing market share.  This would make parallel access for CFLs and 
traditional bulbs; however, it may be that the CFLs would sell poorly because of higher price 
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unless knowledgeable staff are readily available, which is more practical in hardware and box 
stores.36 
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Abstract 
Residential new construction home builders in the United States have been averse to installing 
energy efficient lighting.  Citing poor light quality, lack of attractive fixtures, cost, and many other 
barriers, most builders would not even enter into a discussion about installing energy-efficient 
compact fluorescent fixtures.  However, builders’ attitudes towards energy-efficient lighting are 
changing.   
In 2003, the US Environmental Protection Agency’s (US EPA) ENERGY STAR® program launched an 
initiative to increase the penetration of ENERGY STAR qualified residential lighting fixtures in new 
homes.  The cornerstone of this initiative is the ENERGY STAR Advanced Lighting Package, which 
defines a whole-house energy efficient lighting package and a marketing platform that can be utilized 
by manufacturers, builders, and lighting distributors.  The initiative was piloted in 2003 and rolled out 
nationally in 2004; in 2005 several of the top builders in the United States started adopting the 
ENERGY STAR Advanced Lighting Package.  With over 1.5 million homes built per year in the United 
States the energy savings opportunity is substantial.   
The ENERGY STAR Advanced Lighting Package is on an exponential growth curve.  Technical 
advances and an increase in fixture selection are helping overcome builder fears of fixture availability 
and performance.   However, strategic outreach to builders, manufacturers, and wholesalers has 
proven successful to make sure these fixtures are installed.  Market drivers such as state energy 
codes and utility incentives help spur the market, but there is also movement not driven by codes or 
financial aid.  This paper also presents a number of builder views and opinions, specific success 
stories, and lessons learned.   
 
 
Introduction  
 
The average United States citizen is averse to energy-efficient technology.  It is not necessarily that 
US citizens are not interested in saving energy or money, it is more based on historical conditioning 
and bad experience.  In addition, most people confuse energy efficiency with energy conservation.  
Energy conservation usually means having to sacrifice performance or comfort to save energy, while 
energy efficiency means using energy more efficiently to achieve the same performance.  The US is 
more familiar with energy conservation in part do to well-publicized energy conservation measures 
during the 1970’s Middle East oil embargo.    
Bad experiences with poor quality energy-efficient technologies are also to blame for US consumer 
skepticism. With respect to lighting, most people think of cool-white low frequency fluorescent when 
you mention energy-efficient lighting.  The poor color, hum, and flickering of early fluorescent 
technology left a lasting negative impression.   
Even as high quality energy-efficient technologies were introduced to the market they were, and in 
some cases still, hard to find.  The result is a mix of poor quality fluorescent and good quality energy-
efficient fluorescent technologies in the market.  Retailers, distributors, contractors and residential 
builders often do not know how to determine the good from the bad.  To complicate the introduction of 
energy-efficient lighting into the residential market, early introduction of full size and compact 
fluorescent luminaires lacked aesthetic design.  They were mostly designed for functional needs and 
looked utilitarian.  In addition, if the luminaires are poorly made and the consumers or builders have 
problems with the craftsmanship, this adds to the perception that energy-efficient lighting is poor-
quality. 
First cost is also a barrier.  Energy-efficient fluorescent lighting will always be more expensive than 
traditional incandescent due to more parts and electronics – lamp, ballast, et cetera.  Regardless of 
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technical advances, it is difficult for consumers to justify increased cost for what they perceive is an 
inferior product. 
However, the need by utilities, states, and federal government to curb the growing demand for 
electricity and reduce pollution has put an emphasis on energy efficiency.  The increased demand is 
putting a strain on generation as well as the US electrical grid – utilities and government are both 
aware of this issue.   
Although lighting usually only accounts for ten percent of the electrical use per home, the potential 
savings are substantial due to the very large overall US housing market.  1,714,300 single family 
homes were built in the U.S. in 2005i and housing starts are forecast at 1,595,000 and 1,533,000 for 
2006 and 2007, respectively.ii Furthermore, the size of the average US home continues to grow – 
currently at 2,349 square feet (716 square meters).iii   The average home contains 20-30 hardwired 
luminaires.iv    
If only 14 (out of 30) of the high and medium use luminaires are replaced with ENERGY STAR 
qualified residential luminaires, in five percent of the 2006 forecasted housing starts, the savings will 
be 59,674,514 kWh per year and 69,622 kW.v   
 
Overcoming Builder and Consumer Misconceptions with the Right Technology  
 
The first step to overcoming builder and consumer misconceptions is to develop high quality 
luminaires.  The US EPA’s ENERGY STAR program is aiming to do just that. Launched in 1997, 
ENERGY STAR for Residential Light Fixtures (luminaires) has set the bar for performance, quality 
and energy efficiency.  EPA also continually raises the bar on quality requirements.  This continual 
improvement strengthens the ENERGY STAR brand and helps assure builders and homebuyers that 
the products are high-quality, as well as energy-efficient.  Recent enhancements to the ENERGY 
STAR specification include requirements that all indoor fixtures use electronic ballasts,  improve lamp 
color rendering and consistency, meet lumen maintenance standards, comply with a maximum ballast 
temperature limit (to ensure long life), and meet additional third-party testing requirements.  These 
enhancements are helping further differentiate ENERGY STAR qualified lighting from standard 
energy-efficient lighting. 
Recently, the US EPA worked with industry to develop the GU-24 socket and base.  The GU-24 base 
is a pin-based line-voltage socket for replaceable ballasts (see Figure 1).  The GU-24 allows ballasts 
to be easily changed for different wattage lamps, minimizes inventory/stocking issue for retailers, and 
will help increase consumer adoption of hard-wired fluorescent fixtures.  Benefits to the builder 
include reduced call-backs, easy installation and easy ballast replacement, or switch to a lamp/ballast 
with higher or lower lumen output. This GU-24 socket, plus the introduction of self-ballasted GU-24 
lamps has given ENERGY STAR qualified fixtures the flexibility of conventional incandescent fixtures, 
plus the long-term energy savings of pin-based fixtures. 

 
Figure 1:  GU-24 Socket and Ballast with Pin-based CFL  
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Energy-efficient residential lighting opportunities continue to gain the attention of major and niche 
residential lighting manufacturers.  Leading manufacturers that supply the US residential new 
construction market, such as Progress Lighting, Sea Gull Lighting and Thomas Lighting, are 
increasing their ENERGY STAR qualified product offerings. As of February 13, 2006 there are over 
6,000 ENERGY STAR qualified luminaires from 44 manufacturers (www.energystar.gov). 
Once thought of as ugly utilitarian products suitable only for the garage, closets and laundry rooms, 
energy-efficient lighting fixtures are now available in a variety of decorative and basic styles for every 
room in the home, including Air Tight (AT) recessed down-lights that are rated for Insulation Contact 
(IC).  Technological advances in lamp/ballast configuration, size and quality have provided the fixture 
manufacturers with the platforms to use in chandeliers, ceiling flush mount, pendants, bath, wall 
sconces and other luminaire styles. Manufacturers have also responded with entire families of 
ENERGY STAR qualified luminaires – matching luminaire styles for the entry, hallway, bath, and 
kitchen/dining.  Manufacturers are making ENERGY STAR luminaires for a variety of markets 
including “showroom grade” decorative fixtures for the retail showroom and “builder grade” for the 
large tract home developments.  This allows manufacturers to supply a number of options to meet 
various lighting market demands. vi  
 
Reaching the Builders  
 
In an effort to tap the potential energy savings in the large US residential new construction market, the 
US EPA launched a “New Construction Lighting” initiative in 2004.  This initiative uses four market 
outreach models – Direct-to-Builder, Manufacturer-to-Builder, Distributor-to-Builder, and Third-Party 
Builder Program Leveraging.  In addition, the initiative employs an “Adopter to Advocate” strategy that 
leverages market champions to attract more adopters.  
 
Market Outreach Models 
 
Direct-to-Builder 
Under this model, ICF Consulting (EPA’s contractor), who has expertise in the lighting and residential 
new construction market, reaches out directly to builders.  A clear understanding of the builder 
market, operations, needs, and decision making process is critical to develop the relationship. In 
addition, each regional market is different; knowledge of the local market is necessary.  Furthermore, 
each builder, regardless of size, has a different approach and criteria for selecting luminaires. For 
example, some builders are extremely price sensitive while others have more flexible budgets. 
There are also differences in which market actor is responsible for selecting lighting packages – 
ranging from the builder’s in-house designer, an outsourced local lighting showroom or distributor, or 
the homeowner who is given a lighting allowance and selects the luminaires at a local lighting 
showroom.   In some instances the electrician is responsible for the entire lighting package, while in 
other cases the electrician is responsible for just the recessed downlights, or no lighting at all. vii 
Direct-to-builder outreach is conducted to the senior sales, marketing, and technical staff.  It is also 
important to make sure that the builders’ regular lighting suppliers are educated about the ENERGY 
STAR qualified lighting options and empowered to help the builder make lighting decisions. 
Once an ENERGY STAR qualified lighting package is installed in the model home there is no 
guarantee the package will be actively sold.  It is important that the sales agents/builder staff 
responsible for selling the homes can sell the lighting benefits.  Training and information materials 
(brochures, hang-tags, information placards) can aid in training sales staff and help educate 
consumers. 
This model is the most resource intensive for an energy efficiency program implementer. Highly 
skilled people and significant amounts of time are needed to work with the builder and their local 
distributors, who may all impact the decision making process.  However, this approach is necessary in 
some cases when the builder needs third-party influence to understand the value and sales potential 
of energy-efficient lighting.  Not all manufacturer local sales reps or local distributors are 
knowledgeable or willing to sell energy efficiency, so an unbiased third-party needs to convince the 
builder and educate the supply chain.   
 
Manufacturer-to-Builder 
This model relies on strong relationships between the program implementer and the luminaire 
manufacturers, and strong relationships between the manufacturer and builder.  The model works 
when the manufacturer has a national purchasing account with a builder.  If the builder sources from 
more than a couple manufacturers, it is difficult for any one manufacturer to have a strong relationship 
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with the builder, and thus this model would have a low probability of success.  In short, this model 
leverages the manufacturer’s expertise, builder relationship, and sales ability to promote and sell 
ENERGY STAR.   
Manufacturers not only supply the fixtures, but are also important for homeowner sales.  The 
manufacturer’s corporate office will assist with the sale to the builder, but the local rep works with the 
builder and the builder’s sales staff to promote and sell the homes and lighting.     
Manufacturers that have a “full catalog” (“cover-to-cover”) offering of ENERGY STAR qualified 
products are more apt to sell a “100 percent ENERGY STAR qualified package.”  This makes sense 
for manufacturers because they will make more money on the higher priced ENERGY STAR qualified 
luminaires.  If the manufacturer representative is only pushing a few ENERGY STAR luminaires per 
house, the luminaires could end up in more utilitarian applications – laundry rooms, basement, 
garage, etc.  The builders will then not learn of all the decorative ENERGY STAR options.  
This model works best when the manufacture has a strong relationship with the builder and the 
manufacturer has a highly motivated sales force capable of marketing and selling ENERGY STAR.  
However, not all manufacturers have these skills, and even manufactures with strong corporate 
commitment to ENERGY STAR may lack the capable local sales staff that will ensure the builder 
promotes and sells the ENERGY STAR qualified luminaire package at the model home. 
 
Distributor to Builder 
Regardless of whether the builder works directly with the manufacturer, or with a distributor 
(showroom) to select the lighting, distributors are critical market players in the process.  A lighting 
package is always distributed through a local distributor/showroom regardless of who helps the 
builder select the lighting.  The distributor is responsible for fulfilling, shipping, and servicing the order.  
This model works very well with motivated, highly knowledgeable distributors. They know the 
ENERGY STAR qualified products and develop strategic sales and marketing plans to pitch ENERGY 
STAR qualified lighting packages to builders.  In this case, EPA’s contractors support the distributor 
with training and marketing materials to help educate the builder and homebuyers.  
However, working with distributors can sometimes be a challenge because they may view themselves 
as merely supplying what the builder orders.  But the distributor can influence decisions because they 
are viewed as lighting experts.  In addition, they usually service builder calls to replace broken 
luminaires, and need to know how to service ENERGY STAR qualified luminaires.     
Distributors do not always understand the features, benefits, or how to sell ENERGY STAR qualified 
products. They may believe all fluorescent energy-efficient products are created equal -- equally poor 
quality, that is.  In this case, the model does not work well and a Direct to Builder approach is more 
applicable.  In all models it is important to reach and educate the distributor, but it is important to note 
that this model only works with self-motivated sales staff who are willing to actively sell ENERGY 
STAR.  
 
Third-Party Builder Program Leveraging 
This model requires ENERGY STAR program implementers to identify, contact, and work with builder 
programs.  This includes typical national and regional builder programs and “green builder” programs.  
National and regional programs, such as the National Association of Home Builders or regional 
Master Builder Associations, have many members but are not always willing to promote energy 
efficiency on their own.  The advantage of partnering with these organizations is they can reach the 
builders that are the most difficult to convince of energy efficiency.  However, the difficulty is that 
energy efficiency in general and energy-efficient lighting specifically is only one small item (if 
mentioned at all) on a very long list of services provided to their members.   
Working with green builder associations is usually a little easier because their message generally 
incorporates energy efficiency and their membership is genuinely interested in energy efficiency.  
However, it is still important to educate the program designers on the inherent advantages of 
ENERGY STAR qualified lighting over the average energy-efficient luminaire.  It is also important to 
note that green builders are only a fraction of the total builder market.  Participating builders tend to 
be custom home builders that build less than 100 homes per year.  Nevertheless, there are dozens of 
green building programs in the U.S.  
In both cases there are generally four steps to working with these programs.  
1. Have the program list ENERGY STAR qualified luminaires in their list of energy efficiency 

measures.  
2. Educate the program implementers on the features and benefits of ENERGY STAR.  
3. Have the program list the ENERGY STAR Advanced Lighting Package in their list of energy 

efficiency measures.  
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4. Make sure the program promotes the ENERGY STAR Advanced Lighting Package and 
ENERGY STAR qualified luminares as a method for builder to earn points as part of the 
green builder program recognition.  

 
“Adopter to Advocate” Strategy 
 
An important element of ENERGY STAR’s efforts is an “Adopter to Advocate” strategy. Adopters are 
generally end-users that are committed to purchasing ENERGY STAR.  However, for the purpose of 
this market channel, builders and distributors are adopters because they can be the decision maker 
for the lighting package. Advocates are individuals that have success promoting or selling ENERGY 
STAR qualified luminaires, actively promote ENERGY STAR within their organization and industry, 
and convince their peers and other market actors to adopt ENERGY STAR.   The basic steps of this 
strategy are:  
1. Identify advocates and early adopters within target market channels.   
2. Leverage advocates to identify and recruit adopters and projects and sell ENERGY STAR 

Advanced Lighting Packages. Advocates are generally self-motivated and require little 
support after initial training.    

3. Identify and leverage appropriate industry events to market ENERGY STAR and recruit early 
adopters.  

4. Through coordination with advocates and direct interaction with builders, market and sell 
ENERGY STAR to early adopters.  

5. Provide early adopters and advocates post-sales support, specifically to the builders and the 
necessary local lighting market infrastructure.   

6. Provide support to secondary adopters. As early adopters achieve success it is important to 
identify opportunities that will leverage this success to create more advocates.  Proper 
marketing of this success will spur the interest of secondary adopters – end-users/builders 
that are interested in the ALP concept but are waiting to see achieved success.   

Figure 2 below shows the basics of the Advocate to Adopter strategy. 

 
Figure 2:  Adopters to Advocates Strategy 
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The ENERGY STAR Advanced Lighting Package  
The cornerstone of the U.S. EPA’s new construction lighting initiative is the ENERGY STAR 
Advanced Lighting Package (ALP).  The ALP is a whole-home lighting package that features 
ENERGY STAR qualified luminaires.  Technically, the ALP sets minimum number of ENERGY STAR 
qualified luminaires requirements for high-use, medium-use and outdoor lighting applications. This 
approach allows builders and interior designers flexibility in luminaire selection and placement while 
capturing significant energy savings in important areas of the home.  This not only leads to significant 
energy savings, but also provides motivation for manufacturers to develop decorative fixtures for high-
use applications.  Table 1 below illustrates the technical requirements of the ENERGY STAR 
Advanced Lighting Package. 
 

Room 
Category Specific Rooms within Category 

Minimum Percentage of 
Required ENERGY STAR 
Qualified Fixtures Per 
Room Category 

High-Use 
Rooms 

Kitchen, Dining Room, Living Room, Family 
Room, Bathroom(s), Hall(s)/Stairway(s) 

50% of total number of 
luminaires 

Med/Low-Use 
Rooms 

Bedroom, Den, Office, Basement, Laundry Room, 
Garage, Closet(s), and all other rooms 

25% of total number of 
luminaires 

Outdoor 
Outdoor lighting affixed to the home or free-
standing pole(s) except for landscape and solar 
lighting 

50% of total number of 
luminaires including all flood 
lighting 

Note: To meet the Advanced Lighting Package guidelines, all installed ceiling fans must be ENERGY STAR 
qualified. ENERGY STAR qualified ventilation fans and ceiling fans with lighting can count as qualified fixtures.    
 
ALP Marketing and Support  
 
The ENERGY STAR Advanced Lighting Package is much more than a technical specification, it is a 
marketing platform.  Builders can use the ENERGY STAR Advanced Lighting Package name to 
differentiate themselves.  They can promote the energy savings, long life and other benefits by 
leverage materials and information developed by the U.S. EPA.   
The ALP technical requirements are a minimum bar; many builders have actually installed more 
ENERGY STAR qualified luminaires and exceed the minimum ALP requirements.  They often do this 
to add additional value and further differentiate their homes.  As the ENERGY STAR initiative has 
advanced three marketing and sales pitches evolved:  
Good:  Bare minimum number of luminaires to meet the ALP requirements.  Market actors usually 
promote this as simply “The ENERGY STAR Advanced Lighting Package.”  
Better: 75 percent of the luminaires are ENERGY STAR.  Market actors promote this simply as the 
“The ENERGY STAR Advanced Lighting Package.” 
Best: 100 percent ENERGY STAR Qualified Product.  Manufacturers usually promote this as “100% 
ENERGY STAR Lighting Package.”  
Builders that use the ALP are eligible to receive free marketing support from the U.S. EPA and its 
contractor.  Builders that use the ALP in 25 or more homes (in a single development) will receive 
ENERGY STAR ALP sales training (this may be via conference call or Live Meeting), limited lighting 
fixture specification and design support, and assistance with ALP marketing materials.  Builders that 
use the ALP in fewer than 25 homes will have access to pre-developed marketing materials including 
ENERGY STAR Lighting Calculator Tool and the ALP Consumer Brochure, and will receive limited 
technical support.  
 
Success to Date  
 
Overall Market Success 
 
Since being launched in 2004, the ENERGY STAR Advanced Lighting Package has shown 
exponential growth potential in terms of number of ALPs committed and installed in new homes.  
Figure 3 below shows the growth from 2004 and expected growth through 2008.  Furthermore, at the 
time of writing this paper, the 2006 goal of 1,000 ALPs was already exceeded with 1,744 ALPs 
committed or installed.  
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Additional success is measured in the number and depth of manufacturers, builders, and other market 
actors backing the ALP.  Major US residential lighting manufacturers that dominate the new 
construction lighting market, such as Progress Lighting and Sea Gull Lighting, developed families of 
ENERGY STAR qualified luminaires specifically for the builder market.  Other manufacturers with 
significant market share including American Fluorescent, Dolan Designs, Good Earth and Satco also 
have ENERGY STAR qualified families for the intent of new construction sales.  Some manufacturers 
are also going beyond the basic ALP marketing and promoting (with success) 100 percent ENERGY 
STAR Lighting Packages.    
U.S. EPA and ICF Consulting are working with large national and regional builders to achieve this 
exponential growth.  As of February 2006, 25 builders have used the ALP, and 170 new ENERGY 
STAR Homes Partners (builders) and two developers of 5,000-home communities have expressed an 
interest in promoting the ALP.   Major national builders such as DR Horton, SCM Homes, KB Homes, 
and Lennar are actively adopting and installing the ALP in some of their projects.  DR Horton is 
pleased with their success of the ALP in their initial 71 home launch and is now including the ALP in 
two additional large (100 homes or more) projects.   

 
Figure 3:  ENERGY STAR Advanced Lighting Package Growth 
 
Builder Success 
 
Although manufacturer and other market actor adoption and promotion of the ALP is both beneficial 
and necessary, builder success is what drives the program.  As mentioned above, over 1,700 ALPs 
have been committed or installed in 2006 which is above the 1,000 ALP goal for 2006 and far beyond 
the 500 ALPs realized in 2005.  Below are three success stories with builders, which are summaries 
of case studies that are available at www.energystar.gov.   
 
D.R. Horton, Sacramento, CAviii 
The ENERGY STAR ALP is a standard feature in all 71 homes built in D.R. Horton’s Sierra Valley 
Oaks, Sacramento development.  Not only does D.R. Horton offer 100 percent ENERGY STAR 
qualified fixtures as standard in every home, they also offer three “luxury” ENERGY STAR qualified 
upgrade options.  Most homebuyers select one of the higher-priced, ENERGY STAR qualified lighting 
packages.  The three Sierra Valley Oaks model homes range in size from 2,190 square feet to 3,332 
square feet and feature between 3-5 bedrooms and 2-3 baths.  Each of the ENERGY STAR qualified 
lighting packages are displayed individually in the development’s model homes. D.R. Horton 
representative, Rich Coyle, comments that for potential buyers, viewing the fixtures is “a very positive 
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experience, people are pleasantly surprised to learn that the beautiful fixtures are also ENERGY 
STAR qualified.”  Rich also says that “selling these popular upgrades is a great profit opportunity” for 
D.R. Horton.  This success is an example of “manufacturer-to-builder” model, where ENERGY STAR 
invested in supporting a highly motivated manufacturer who uses the materials and support provided 
by ENERGY STAR to sell the builder.   
Ravenswood Homes, Hamden, CTix 
Choosing ENERGY STAR qualified products, including the ALP, helped make Ravenswood’s Whitney 
Park development a resounding success.  The ALP is standard in all of the 56-units, which are 1,355-
1,790 square foot townhomes.  All of the units sold over two times faster than expected and, as a 
result, Ravenswood was able to gradually increase their asking price by 40 percent.  According to 
Deb Quinn, Ravenswood Homes, “The upgraded and beautiful [ENERGY STAR qualified] light 
fixtures definitely helped us sell the Whitney Park units.”  The ENERGY STAR qualified fixtures were 
displayed in the 1,650 square foot, 2 bedroom, 2.5 bath model home. There are a total of 28 fixtures, 
all are ENERGY STAR qualified. This success is an example of “direct-to-builder” model, in this 
instance the local utility pitched their ENERGY STAR new construction program directly to the builder.  
Monetary incentives as well as marketing support were provided to this motivated builder who, in turn, 
used this support to install and actively market their ENERGY STAR features directly to their home-
buyers.  
 
Madera Subdivision, Gainesville, FLx 
Four builders -- Carter Construction, Edinborough Development Corporation, Brooks Design 
Construction, and Martin McFall Builders — in cooperation with the University of Florida’s Energy 
Extension Service, started constructing the first four homes in the 88 home Madera sub-division 
located in Gainesville, FL.   Each of the homes feature sustainable design and construction and offer 
the latest energy-saving technology, including the ALP. The builders showcased their homes to 
approximately 1,400 potential buyers during the 2004 Spring Parade of Homes. All four homes were 
sold during or shortly after the Parade.  In the Brooks Design Construction 1,892 square foot home, 
over 90 percent of the lighting fixtures are ENERGY STAR qualified, easily exceeding the ALP 
requirements.  According to Gary the ALP “differentiates me from other builders in the market; 
especially in the custom home and remodeling market.  I believe the benefits for my clients are real 
and I believe that pin based fixtures are the way to go because savings are permanent and the life of 
the lamp and ballast are maximized.  But what really convinced me, and will mean the most to my 
clients, was to see the actual design of the ENERGY STAR qualified fixtures – I was wowed by the 
technology and design of the fixtures."  Gary Brooks now recommends the ENERGY STAR Advanced 
Lighting Package to all his clients. This success combined a number of approaches including “direct-
to-manufacturer” and “direct-to-showroom” models.  In this instance success was established by 
brining the builders, lighting manufacturer and showroom together who where then trained on the 
benefits of ENERGY STAR qualified lighting. From there, the showroom owner and builders worked 
together to select and install attractive ENREGY STAR qualified fixtures with limited additional support 
from ENERGY STAR.  
 
Market Influences  
There is no doubt that energy codes like California’s Title 24 help drive the sales of energy-efficient 
products, including ENERGY STAR qualified lighting.  Since Title 24-2005 became effective in 
October 2005 at least three additional builders have made the decision to use ENERGY STAR as 
their quality solution to Title 24.  It is important to note that the use of ENERGY STAR qualified 
lighting is not required as part of Title 24, in fact the kitchen is the only room that requires “high 
efficacy” light sources and other rooms may use occupancy sensors and dimmers with traditional 
incandescent luminaires.  Builders that use ENERGY STAR as their quality solution to Title 24 are 
actually exceeding code requirements.   
Outside of California there is little to no code-driven incentive for the use of ENERGY STAR qualified 
luminaires.  Many utilities do offer financial incentives to encourage the installation of ENERGY STAR 
qualified lighting; however, it is important to note that incentives alone are not driving sales.  Rather, 
there is at least one major lighting distributor, who is an ENERGY STAR Partner and well versed in 
the benefits of ENERGY STAR qualified lighting, that is actively selling the builders.xi 
The ALP is also enjoying success and interest in regions of the country where there are no utility 
incentives or State residential energy efficiency codes, including Florida, South Carolina and Utah.  In 
some cases the driving force for ENERGY STAR qualified fixtures sales is the manufacturers sales 
representative and or the local showroom/distributor.  These groups recognize the greater profit 
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potential by selling more ENERGY STAR qualified fixtures and have learned how to sell the benefits 
to their builders.  
In other instances “Green Building” is influencing projects.  Green building programs recognize the 
importance of energy-efficiency in new home construction and energy-efficient lighting is one part of 
these programs.  ENERGY STAR qualified lighting provides the advantage of quality assurance.  The 
ALP assures that maximum energy savings is delivered (because the high use areas of the home are 
targeted) and offers a marketing platform for participants to leverage.  
 
Lessons Learned 
 
So far, the ENERGY STAR Advanced Lighting Package and U.S. EPA ENERGY STAR Residential 
New Construction Lighting initiative has seen significant success, but as with any program there are 
lessons to learn.  As mentioned in the introduction, the U.S. market is slow to embrace energy 
efficiency for many reasons, and builders do not want to promote products that will not sell, nor do 
distributors or manufacturers.  In addition, energy-efficient lighting is a new product for builders and 
contractors, it has a ballast and different types of components, which requires additional technical 
knowledge and experience.  The program has experienced many of these challenges as has learned 
the following lessons.   
• Training helps overcome misperceptions.  All parties, from the manufactures sales 

representative to the builders’ sales agent should be trained how to sell the features and 
benefits of ENERGY STAR qualified lighting.   

• Focus on the critical message to all builders, distributors, showrooms, contractors and 
homeowners that ENERGY STAR qualified products are higher quality and laboratory tested. 

• Display fixtures in the model home.  Some builders use an ENERGY STAR qualified pendant 
over the kitchen table.  This is a high profile location with a lot of traffic, and placing flowers 
under the luminaire can demonstrate the excellent color properties.   

• Highlight the features and promote the benefits.  Use hangtags and sign placards around the 
house to educate the consumer (and builders sales representatives) about ENERGY STAR 
qualified lighting.   

• Allow longer lead-in and delivery times for ENERGY STAR qualified products.  ENERGY 
STAR qualified lighting is not as high volume as traditional incandescent so it will require a 
longer lead-in time.   

• Work closely with a lighting manufacturer, electrical distributor, showroom or lighting designer 
who is knowledgeable of ENERGY STAR qualified lighting products. 

• Take a close look at recessed cans.  First decide if they are really necessary then make sure 
to select ENERGY STAR qualified recessed can that will provide adequate light levels 
(usually 26 watt or higher) and is the right can for the application (e.g., IC rated and/or Air 
Tight). 

• Don’t forget about under-cabinet lighting.  There are many ENERGY STAR qualified linear 
fluorescent products that provide excellent color rendering while saving energy. 

 
Conclusion 
 
The ALP is on an exponential growth curve and 2006 is on track to exceed all expectations. The 
various program strategies to reach the builder appear to work and are necessary due to the 
complexity of the new construction lighting market. The Adopter to Advocate strategy is critical in 
terms of stretching program reach on limited funding.  Current advocates will be leveraged to identify 
new adopters and future advocates.  The program continues to be refined as more lessons are 
learned, but manufacturers are becoming more conformable with the ENERGY STAR message and 
their sales representatives are becoming advocates of the program.  
The program will continue to work with national and regional builders to adopt the ALP in pilot efforts 
for eventual expansion into large projects, while some market leaders will continue to directly adopt 
the ALP in their large projects. The program will continue to publicize these successes and provide 
marketing assistance.  In addition, EPA will leverage other state and utility programs to provide builder 
outreach and further expand the ALP’s market penetration.   
The challenge in 2006 and beyond is managing the growth.  This includes working with manufacturers 
to produce more ENERGY STAR qualified luminaires and continue to maintain the quality of these 
products.    
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Energy Efficient Lighting - Lamps and luminaires in the UK 
domestic market place 
 
Keven Verdun  
 
The Lighting Association 
 
 
The Lighting Association is one of the largest lighting associations in Europe with over 200 members.  
In membership we have companies from all sectors of the lighting industry including luminaire 
suppliers both domestic and commercial, lamp suppliers, led suppliers, ballast suppliers, component 
suppliers, etc. 
The Association was first formed in 1939, we have our own custom built headquarters in Telford, 
Shropshire, with 24 staff, half of whom work in our fully accredited laboratories.  Although we cover all 
sectors of lighting, traditionally the majority of our members supply the domestic sector. 
 
The Domestic Marketplace 
 
Very few people actually understand just how the domestic marketplace works. 
Very few wholesalers are involved, most lighting products are purchased by the end users from 
retailers who in turn purchase directly from the manufacturer/supplier. 
The retailers totally control the market so we need to convince them that it is in their interest to sell 
energy efficient lighting products.  We need to motivate them. 
They need to have incentives to ensure their support in the selling of energy efficient luminaires.  The 
great incentive for the retailers under our DEELS scheme is the perceived value of the product. 
 
The Lighting Association Programmes – D.E.E.L.S. and E.E.L.S. 
 
D.E.E.L.S. – Domestic Energy Efficiency Lighting Scheme 
 
The basic principle is to retail energy efficient luminaires at the same price as the GLS equivalent. 
 

 
We can achieve this by subsidising the lamp and ballast costs. 
 
D.E.E.L.S. Specification 
Strict controls on specification are required. 
 
Ballasts 
Operating frequency 50HZ or high frequency (hf). 
Only ballasts of the following type will be eligible for the scheme – low loss, super low loss and 
electronic. 
The ballast classification must be in accordance with CELMA components classification of ballast-
lamp circuits and the new ballast legislation for efficiency in lighting as follows: 
 - Electronic ballasts – Class A 
 - Super Low Loss ballasts – Class B1 
 - Low Loss ballasts – Class B2 
Ballast-lamp circuits classes C and D are not acceptable. 
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Life (50% survivors) : minimum 25,000 hours. 
Initial maximum 1% failures in the first 1,000 hours (evidence to be provided by way of third party 
certification from a European accredited, notified body laboratory). 
 
Lamps 
To be accredited by Energy Saving Trust. 
Pin based. 
With or without integral starter. 
Lamp life (50% survivors) : minimum 8000 hours. 
Correlated colour temperature (CCT) : 2700-3000 k. 
Colour rendering index (RA) ; minimum 80. 
Fast run-up time to full light output (80% light output within 3 minutes). 
 
Luminaires 
Luminaires and components to comply with current legislation relating to EMC and the low voltage 
directive (CE mark). 
Each luminaire must have a declaration of conformity. 
Luminaire manufacturers must have acceptable manufacturing production control systems in place. 
 
E.E.L.S. – Energy Efficient Lamp Scheme 
The Principle and the Needs 
The independent lighting stores could not compete with the major retailers on price where CFL’s were 
concerned.  The major lamp suppliers were not interested in supplying small retailers so the small 
retailers had to purchase through wholesalers where the prices in most cases were much too high. 
The Lighting Association acts like one large account.  We handle all the payments and orders so that 
the major lamp makers never have to deal with small accounts.  We offer subsidised CFL’s to the 
retailer for as low as 25 pence + VAT each. 
 
The Financing of the Programmes 
 
In the UK there is a legal requirement put on the energy suppliers by our government to support 
energy efficiency programmes.  The energy suppliers are obliged to achieve certain energy saving 
targets every year, these targets are set by the UK government body of OFGEM.  The Lighting 
Association negotiates with the power suppliers to sponsor our schemes.  We need to negotiate the 
subsidies on an annual basis. 
 
Current Sponsorship 
 
Currently each lamp and ballast combination is subsidised by £4.90. 
Currently under EELS each CFL is subsidised by up to £1.10. 
 
Results 
 
E.E.L.S. 
Since we began 17 months ago, we have managed to expand the number of independent retailers 
involved to over 230 who in turn have sold over 200 thousand CFL’s. 
D.E.E.L.S. 
We have subsidised over 500,000 luminaires in the past 17 months. 
 
The Lighting Association not only designed these schemes we also manage and administrate 
both of them. 
D.E.E.L.S. 
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Each product is approved by the Lighting Association and given its own LUM number.  These 
products are also approved by the Energy Saving Trust in order to carry their Energy Efficiency 
Recommended mark. 
This mark gives credibility to the product and ensures that the product is energy efficient using quality 
components. 
All lamps sold under the EELS and DEELS have to have been independently third party tested to the 
Energy Saving Trust rigid specification (which is now in its 6th review Version 5 specification which is 
way above the basic standard).  This is to ensure that only the highest quality lamps are supplied 
under the programmes. 
 
Everyone needs to take into consideration that in the EU 11 countries now operate with a supplier 
voltage of 230V ±10% and that by 2008 all of the EU will be operating with this supply voltage. 
Many CFL’s now last for over 10 years and also many ballasts last for over 20 years so it is very 
important that all lamps and ballasts are designed to operate safely and efficiently at 250V plus.  We 
have had several from reputable companies that pass at 230V but fail at 250V.  We only accept 
certification from laboratories within the EU who are notified bodies – no third world certification, 
simply because we have had too many products certified outside the EU that fail when we come to 
test them at 250V. 
Most of the lighting Article 9 products in Europe come from third world countries, over 50% of these 
Article 9 products have certification issued by third world laboratories.  The day will come when we 
can rely on third world certification but not for a while yet. 
 
It is vitally important that quality is maintained if an end user tries a CFL for the first time and they are 
let down by the quality, colour rendering, shape, etc., it is very unlikely that they will purchase another 
CFL no matter what the price or the assurances given so we take great care in ensuring the quality of 
all of the cfl’s supplied under our schemes.  Many end users are still put off using CFL’s by their 
experiences with the old technology CFL’s. 
Random tests are carried out annually on lamps and luminaires purchased from retailers to ensure 
that they are in compliance with the high standards that our programmes demand. 
We have been working very closely with the lamp manufacturers/suppliers over the past 10 years and 
we now have CFLs specifically designed for the domestic marketplace with the look alike shapes and 
much warmer colour rendering.  These new lamps also have very fast run up and switch on times.  It 
was vitally important that the design of the lamps came much closer to what the public would find 
acceptable.  We also now have four pin look alike lamps which are designed to be used in the DEELS 
luminaire scheme.  This movement in lamp design has made the energy efficient fluorescent 
technology much more acceptable to the public. 
Not all luminaires lend themselves to the use of fluorescent light, for example a crystal chandelier with 
stick CFL’s would look ridiculous but there are many circumstances where fluorescent technology is 
the perfect answer. 
 
Examples: 
- Under cabinet lighting in kitchens. 
- Outdoor lighting with 40W, 50W and 60W floods. 
- Flush fittings for lower ceilings. 
- Security lighting. 
- Stairwells and landings. 
- Utility areas. 
- Wall washers and many more. 
 
We need the retailer to be knowledgeable so that they can advise their customers on the best ways to 
use energy efficient fluorescent lighting. 
We need to drive the market and create demand for energy efficient lighting. 
The recent large increase in the cost of energy in the UK will help but we need to do more. 
We should be removing tax/VAT from energy efficient products and adding an energy tax to the 
inefficient products e.g. a tax of 50 pence or 1 euro on each basic gls lamp would have an enormous 
effect. 
By bringing the price of the energy efficient products closer in price to the non energy efficient, the 
decisions for the end user become much easier and more logical to make. 
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New Technologies 
 
As we all know LED technology is moving forward at a pace but we need to be patient.  Large 
amounts of money are being invested by the industry in research and development but there is still a 
way to go.  The domestic sector is already using LED’s for aesthetic effect but not yet for high 
performance lighting.  The stories you hear about 100 lumens per watt with a 100,000 hour life are 
currently exaggerated.  It would be closer to a 1,000 hour life.  The higher the lumens per watt the 
higher the temperature and we also have the problem of matching up colours between each different 
LED (binning) but every day the technology moves on and we get closer to where the industry wants 
to be. 
There are other light sources which should be brought into consideration as well as LED’s: 
- New smaller lower wattage metal halide lamps. 
- Cold cathode – although an old technology, some of the newer T1 size tubes have 
 considerable potential with a very long life (up to 100,000 hours). 
 
The Future 
 
Technically, it is possible that by combining LED light sources together with photo voltaic’s that you 
could get virtually all of your energy requirements for lighting free, LED’s require only very low 
voltages to run.  Photo voltaic roof tiles are being developed as we speak also together with much 
better energy storing systems.  We get closer every day.  
 
The Dream 
 
Imagine what could be done in areas where it is difficult to deliver mains electricity, road signs in the 
wilds of the country, the third world etc.  Lighting has a great deal to offer for the future, it is one of the 
very fastest growing technologies, but all new technologies need kick-start support programmes in 
their early stages if we are to see fast changes and the dream to come true. 
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Drivers of CFL Purchase Behavior and Satisfaction: What Makes a 
Consumer Buy and Keep Buying? 
 
Tami Rasmussen1, Valy Goepfrich1, Karen Horkitz2 
 
1Northwest Energy Efficiency Alliance 
2KEMA Inc. 
 
 
Abstract 
Residential lighting market transformation efforts have been ongoing since the late 1990s and have 
resulted in substantial increases in CFL sales in many regions. For example, in the Pacific Northwest, 
CFL sales increased by a factor of 5 from 2000 to 2001. Yet, in 2003, the market share of CFLs in the 
Pacific Northwest was estimated at 9 percent. Many believe the market is still not transformed due to 
remaining market barriers that include price, availability, and inconsistent product quality. The 
Northwest Energy Efficiency Alliance (The Alliance) currently funds a market transformation initiative 
in the residential sector that includes efforts to increase the availability, marketing, and quality of 
ENERGY STAR CFLs. The Alliance has adopted aggressive market transformation goals concerning 
CFL market shares and replacement rates.  
To guide its ongoing market intervention strategy, the Alliance sought to better understand the drivers 
of satisfaction and future purchase intent among CFL consumers via a consumer lighting purchaser 
survey. This paper describes how these data were analyzed and the results of the analysis, which 
was designed to help understand the drivers of satisfaction and future purchase intent among CFL 
consumers. Factors affecting the awareness of CFLs and past CFL purchases are also described. 
Finally, the paper discusses how this information is being used to shape project strategy and 
marketing tactics.1 
 
 
Introduction 
 
Residential lighting market transformation efforts have been ongoing since the late 1990s and have 
resulted in substantial increases in CFL sales in many regions. For example, in the Pacific Northwest, 
CFL sales increased by a factor of 5 from 2000 to 2001 (ECONorthwest 2004). Yet, in 2003, the 
market share of CFLs in the Pacific Northwest was estimated at 9 percent. Many believe the market is 
still not transformed due to remaining market barriers that include price, availability, and inconsistent 
product quality.  
The Alliance currently funds a market transformation initiative in the residential sector that includes 
efforts to increase the availability, marketing, and quality of ENERGY STAR CFLs. The Alliance has 
adopted aggressive market transformation goals: 17 percent market share by 2010 (double the 2003 
market share) and an 80-percent CFL replacement rate. Meeting these goals will require: (1)  
convincing consumers who have not yet purchased CFLs to do so and (2) convincing consumers who 
have already purchased CFLs to continue to do so. 
To guide its ongoing market intervention strategy, the Alliance sought to better understand the drivers 
of satisfaction and future purchase intent among CFL consumers via a consumer lighting purchaser 
survey. KEMA analyzed the data from this survey to determine what drives consumer satisfaction with 
CFLs and future purchase intentions. Factors affecting awareness of CFLs and past CFL purchases 
were also analyzed. 
This paper describes the analysis and presents findings on the drivers of CFL awareness, past CFL 
purchases, CFL satisfaction, and future CFL purchase intent. Other highlights from analysis of the 
2004 consumer lighting purchase survey discussed include categorization of Northwest consumers 
with respect to their CFL awareness and experience (i.e., unaware, aware but never tried, tried but no 
future purchase intent, intend to continue purchasing). Finally, the paper discusses how the results 
obtained from the analysis of the survey data are being used to shape project strategy and marketing 
tactics. 
 
                                                      
1 This paper was presented previously at the 2005 International Energy Program Evaluation Conference, Brooklyn, New York. 
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Methodology 
 
A telephone survey was conducted with a random sample of households in Oregon, Washington, 
Montana, and Idaho in November 2004. The sample was stratified by state and rural versus urban, 
and target completes were set for each stratum proportional to the population. About 1,600 (n) 
surveys were completed.   
Results were produced for each survey question, both overall and for various categories of interest 
(i.e., consumer CFL experience categories discussed earlier). Models were developed to help 
understand the drivers of CFL awareness, purchases, satisfaction, and future purchase intentions, 
allowing all potential drivers to be considered simultaneously. A factor that may appear to be a driver 
when considered on its own may not still be a driver when other factors are considered as well. The 
models also allow the relative importance of various drivers to be estimated.  
 
Survey  
The 2004 lighting purchaser survey built upon three prior annual survey efforts (starting in 2001), 
which explored motivations of CFL purchases, satisfaction with CFLs, future CFL purchase intentions, 
and CFL removals. The 2004 survey was expanded to address all consumers (i.e., not just CFL 
purchasers) in order to determine CFL awareness and explore barriers to purchases. Furthermore, 
the Alliance was interested in modeling CFL satisfaction and future purchase intentions, and the 
survey was tailored to meet these objectives. 
Survey respondents were screened for CFL awareness and purchases at the outset of the survey 
(see Figure 1). Non-purchasers were asked about barriers to purchase, and purchasers were asked 
several batteries of questions concerning drivers of CFL purchases, disposition of CFLs in their 
homes, satisfaction with CFLs, future purchase and replacement intentions, ENERGY STAR, and 
waste disposal awareness. All respondents were asked a basic set of demographic questions, and 
purchasers were asked an expanded demographic series. 
 
Modeling 
Models were developed to help understand the drivers of CFL purchases. Specifically, the modeling 
effort explored the factors that affect: 
1. The likelihood a consumer will purchase a CFL in the near future 
2. The level of consumer satisfaction with CFLs 
3. Whether or not a consumer who is aware of CFLs has purchased a CFL 
4. Whether or not a consumer is aware of CFLs. 
 
The likelihood a consumer will purchase a CFL was collected on a 5-point scale, where 1 means “not 
at all likely” and 5 means “very likely.” The level of consumer satisfaction was collected on a 10-point 
scale, where 1 means “not at all satisfied” and 10 means “very satisfied.” Ordered logit models were 
used to analyze these dependent variables. Ordered logit models are appropriate when the 
dependent variable is discrete (versus continuous) and has an obvious order, as is the case with 
these dependent variables. The dependent variables in the remaining two analyses are also discrete, 
but take on only one of two possible values. Hence, simple logit models were used to analyze these 
dependent variables.  
Ordered and simple logit models do not directly estimate the value of the dependent variable but, 
rather, the probability the dependent variable will take on that value. Furthermore, the estimated 
coefficient on an independent variable in these models does not directly indicate the direction or 
magnitude of the effect the independent variable has on the probability the dependent variable will 
take on a particular value. Therefore, in our presentation of the results of the analyses below, for each 
independent variable with a coefficient significantly different from 0 at the 10-percent level or better, 
we include the direction and ranking of the magnitude of its effect on the probability the dependent 
variable will take on the best possible value (very likely, very satisfied, purchased, or aware). (We do 
not include the estimated coefficients in our results presentation because they are not especially 
informative in and of themselves.) 
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Figure 1: Northwest Consumer Lighting Purchaser Survey Flow Chart 
 
Results 
 
One of the objectives of the consumer lighting survey was to classify consumers into mutually 
exclusive categories based on their experience with CFLs. The purpose of this exercise was to 
estimate the size of and further characterize various purchaser/non-purchaser categories in order to 
understand how to cost-effectively increase CFL market shares over time. Figure 2 shows the 
breakdown of the population into CFL experience categories, with roughly equal proportions of 
consumers unaware of CFLs, aware but have not yet used them, and have purchased CFLs. CFL 
purchasers are further categorized by whether they have purchased CFLs on only one occasion, are 
a repeat purchaser but not an “advanced adopter,” or a repeat purchaser that is an “advanced 
adopter.” A repeat purchaser was identified as an “advanced adopter” if they were likely to purchase 
CFLs in the coming year without an incentive and likely to replace CFLs that burn out with new CFLs.2 
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Figure 2: Consumer Awareness and Purchaser Categories (n=1,530) 
 
CFL Awareness 
 
Two-thirds of households in the Northwest are familiar with CFLs. Most consumers are aware of CFLs 
as a result of advertising (via television, newspaper and news programs, and the Internet), followed 
by word of mouth and retailer point-of-purchase displays.  
                                                      
2  Likelihood is based on a scale from 1 to 5, with 1 being not at all likely and 5 being very likely. A repeat purchaser was 
identified as an “advanced adopter” if their likelihood of purchasing CFLs in the coming year and their likelihood of replacing 
burnt-out CFLs with CFLs were both either 4 or 5. 
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Table 1 shows the modeling results for consumer awareness of CFLs. These results indicate which 
factors appear to affect awareness and which factors appear not to and for those factors that appear 
to affect awareness, their relative importance. The survey was designed primarily to explore CFL 
purchaser behavior. Hence, only demographic data, which were collected from all respondents, 
including those unaware of CFLs, were able to be included in the analysis of CFL awareness. 
A college education was the most important factor affecting whether or not a consumer is aware of 
CFLs, followed by shopping frequently at stores that tend to carry CFLs, living in a high-publicity 
geographic area as defined by the national awareness of ENERGY STAR for 2004 study3 (KEMA Inc. 
2004), and owning a home. Homeowners may be more likely to pay attention to energy-efficiency 
messages than renters because they have a greater financial motivation than renters, who may move 
around more and/or have a lower than average electricity bill. Educated consumers may have more 
opportunities to be exposed to energy-efficiency messages in the news and on the Internet. Shopping 
frequently at stores that tend to carry CFLs (home stores, discount stores, or hardware stores) or 
living in a high-publicity area is likely to increase exposure to energy-efficiency messages. Household 
income and respondent gender were not found to affect awareness of CFLs (i.e., the coefficients on 
these variables were not significantly different from 0 at the 10-percent level or better). 
 
Table 1: If a Consumer is Aware of CFLs 

Direction Potential Drivers P-value Expected Estimated Rank Order 

Geo-demographic characteristic  
Homeowner** 0.0329 ? ↑ 4 
College graduate*** <0.0001 ? ↑ 1 
High income 0.8663 ?   
Frequent shopper*** 0.0055 ↑ ↑ 2 
Gender 0.1601 ?   
EE programs and messages  
Live in high publicity area** 0.0137 ↑ ↑ 3 

*** Coefficient significantly different from 0 at the 1-percent level. 
** Coefficient significantly different from 0 at the 5-percent level. 
* Coefficient significantly different from 0 at the 10-percent level. 
 
CFL Purchases 
Figure 3 shows the reasons for purchasing and not having purchased CFLs. The major reasons 
consumers in the Northwest purchase CFLs are to conserve energy and reduce their electricity bill. 
The major barriers to purchases are lack of awareness, the higher cost of CFLs versus incandescent 
bulbs, and lack of information. Other barriers include insufficient availability and diversity of CFLs, 
dissatisfaction with CFL light quality, and lack of concern about energy efficiency in general. 
Table 2 shows the modeling results for prior CFL purchases. Receiving a CFL coupon in the mail was 
the most important factor affecting whether or not an aware consumer has purchased CFLs, followed 
by owning a home, and a college education. It is reasonable that coupons would drive some level of 
purchases since the coupons made consumers aware of CFLs if they were not already and helped to 
offset their higher first cost. Homeownership may motivate a consumer to save energy more than if 
they were renting a home, and being educated may allow them to understand the concept of payback, 
making them more willing to pay the higher first cost. 
 
 
 
 
 
 
 
 
 
 

                                                      
3 The definition of high publicity is an active local ENERGY STAR program recently sponsored by a utility, state agency, or 
other organization for 2 or more continuous years. The activities must include sustained promotions and publicity from non-
federal activities. (KEMA Inc. 2004) 
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Figure 3: Reasons for Purchasing (n=427) and Not Purchasing CFLs (n=511) 
 
Table 2: If an Aware Consumer Has Purchased a CFL 

Direction Potential Drivers P-value Expected Estimated Rank Order 

Geo-demographic characteristic  
Homeowner*** <0.0001 ↑ ↑ 2 
College graduate*** 0.0026 ? ↑ 3 
High income 0.5348 ↑   
Frequent shopper 0.4487 ↑ ↑  
Gender 0.2702 ?   
EE programs and messages  
Received a coupon*** <0.0001 ↑ ↑ 1 
Received a mail CFL 0.3206 ↑   
Live in high publicity area 0.1421 ↑   

*** Coefficient significantly different from 0 at the 1-percent level. 
** Coefficient significantly different from 0 at the 5-percent level. 
* Coefficient significantly different from 0 at the 10-percent level. 
 
Potential factors not found to affect CFL purchases in the past are shopping frequently at stores that 
tend to carry CFLs, respondent gender, receiving a free CFL in the mail, and living in a high-publicity 
area. Thus, while home ownership and a college education appear to drive both CFL awareness and 
prior purchases, energy-efficiency program publicity appears to drive only awareness. Also, coupons 
were found to be effective in encouraging CFL purchases in the past, while mail CFLs were not. 
 
CFL Satisfaction 
General satisfaction with CFLs is presently high among CFL purchasers in the Northwest. On a 10-
point scale, with 1 being not at all satisfied and 10 being very satisfied, the mean general satisfaction 
rating based on the 2004 survey is 7.6. This result is similar to the mean general satisfaction ratings 
from the 2001 through 2003 surveys. However, the distribution of ratings has changed over time (see 
Figure 4). Between 2001 and 2003, the proportion of CFL purchasers that rated their general 
satisfaction a 9 or a 10 declined from 46 to 29 percent. In 2004, the proportion of CFL purchasers that 
rate their general satisfaction a 9 or 10 is back up to 2001 levels.   
Table 3 shows the modeling results for general satisfaction with CFLs. Only CFL purchasers and 
those who received a CFL for free in the mail were asked about their general satisfaction with CFLs. 
Therefore, the model was estimated using only these two types of consumers.  
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Figure 4: General Satisfaction with CFLs Over Time (ECONorthwest, 2004) 
 
How long CFLs last was the most important factor driving high general satisfaction with CFLs. This 
suggests early burnout experiences may substantially reduce the likelihood a consumer will be highly 
satisfied with CFLs. The next most important factor was having CFLs currently installed. It seems 
reasonable that having CFLs currently installed is a predictor of high general satisfaction. Also, having 
CFLs currently installed may mean recent experience with CFLs, which may be causing high general 
satisfaction. Satisfaction with CFL bulb light color and brightness were also found to be important 
factors that increase the likelihood of high general satisfaction. Other factors that increase the 
likelihood of high general satisfaction with CFLs are the following: 
1. Being a renter (versus homeowner). This result was unexpected. It may be because renters 

are more limited in their ability to control their utility bill through major improvements, they are 
more likely to be satisfied than homeowners with the bill savings associated with CFLs. 

2. Satisfaction with dimmer, three-way applicability, and CFL bulb appearance. 
3. Living in a high-publicity area. Energy-efficiency campaigns often focus on how to select the 

right CFL application and wattage. 
4. Purchased CFLs without incentive. This result is interesting because it suggests that a lower 

price in and of itself does not increase the likelihood of high general satisfaction. Rather, it 
may be the case that consumers who are willing to pay full price for CFLs may be more 
convinced of the benefits of CFLs than a consumer who is not necessarily willing to pay full 
price.  

5. Unaware of waste disposal issues. (CFLs contain trace amounts of mercury). 
Potential factors not found to affect the level of general satisfaction with CFLs include: 
1. Demographics other than own/rent. —in contrast, a college education also affects CFL 

awareness and purchases in the past. Shopping frequently at stores that tend to carry CFLs 
also affects CFL awareness. 

2. Repeat purchases. One-purchase incidence (repeat purchaser = 0) could reflect the purchase 
of a single CFL or a 10-pack. Hence, this variable may not reflect the quantity of CFLs 
purchased, which might more directly be associated with satisfaction. On the other hand, a 
repeat purchase would still seem to suggest a certain level of satisfaction with an initial 
purchase. Therefore, it is interesting that a single purchase produces the same level of 
general satisfaction as repeated purchases.  

3. Satisfaction with CFL start-up time and fit in fixtures. This result may reflect the fact that most 
CFLs in the market today do not have start-up time issues and are produced to fit in most any 
fixture.4 Both of these attributes ranked the highest among all attributes by purchasers based 
on the current survey results. 

 
 
 
 
 

                                                      
4 The survey results indicated that half of all CFL purchasers made their first purchase within the last 2 years and 87 percent 
within the last 5 years.  This suggests most CFLs being used today were recently manufactured. 
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Table 3: Level of Consumer Satisfaction With CFLs 
Direction Potential Drivers P-value Expected Estimated Rank Order 

Geo-demographic characteristic  
Single family home 0.2323 ↑ ↓  
Homeowner*** 0.0072 ↑  4 
College graduate 0.8332 ?   
High income 0.5115 ↓   
Frequent shopper 0.8406 ↑   
Household size 3 or more 0.7273 ↓   

Age (18-34, 35-54) 0.8240 
0.3207 ↓   

Gender 0.7260 ?   
CFL purchaser behavior 
Purchaser v. mail only 0.5221 ?   
Repeat purchaser 0.9220 ↑   
Recent 1st time purchaser 0.8308 ?   
Has purchased CFLs recently 0.1546 ↑   

Location of purchase (home store, 
disc store, buy store, hw/groc only) 

0.6510 
0.5337 
0.4918 
0.8508 

↑   

Currently installed*** <0.0001 ↑ ↑ 2 

Has removed CFLs 0.1726 ?   

Used a coupon on recent purchase** 0.0154 ? ↓ 6 
EE programs and messages  
Received a coupon 0.1970 ↑ ↑  
Received a mail CFL 0.1539 ?   
Live in high publicity area** 0.0195 ? ↑ 6 
Aware of ENERGY STAR label 0.9922 ↑   
Satisfied with CFL attributes 
Color of light provided*** <0.0001 ↑ ↑ 3 
Brightness of light provided*** <0.0001 ↑ ↑ 3 
Time to light up 0.3401 ↑   
Work w/dimmer & 3-way switches** 0.0168 ↑ ↑ 5 
Way they fit 0.2304 ↑   
Way they look 0.0013 ↑ ↑ 5 
How long they last*** <0.0001↑ ↑ 1 
Aware of waste disposal issues* 0.0731 ↓ ↓ 6 

*** Coefficient significantly different from 0 at the 1-percent level. 
** Coefficient significantly different from 0 at the 5-percent level. 
* Coefficient significantly different from 0 at the 10-percent level. 
 
CFL Future Purchase Intentions 
Just over half of CFL purchasers are likely to purchase CFLs in the coming year. On a scale from 1 to 
5 with 1 meaning “not at all likely” and 5 meaning “very likely,” the mean rating was 3.4. Fifty-one 
percent gave a 4 or a 5 rating, while 31 percent gave a 1 or 2 rating. The most important reasons for 
purchasers being unlikely to purchase CFLs in the coming year were the higher cost of CFLs as 
compared to incandescent bulbs and the high incidence of spare CFLs, both at 25 percent of unlikely 
purchasers. Other reasons include dissatisfaction with the light quality, brightness, and early burn-
outs.  
Table 4 shows the modeling results for future CFL purchase intentions. As was the case with general 
satisfaction, only CFL purchasers and those who received a CFL for free in the mail were asked about 
their future purchase intentions. Therefore, the model was estimated using only these two types of 
consumers. Having already purchased a CFL versus only receiving a CFL for free in the mail was the 
most important factor driving a high likelihood of future purchases. This result is not surprising 
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because CFL purchasers have already demonstrated a willingness to buy CFLs compared with those 
who have only received a CFL for free in the mail.   
In addition, general satisfaction with CFLs is a key factor driving a high likelihood of future purchase 
intentions. Having recently purchased a CFL was also found to be a determinant. More recent 
purchasers may be more likely to purchase CFLs in the future due to their favorable experience with 
the recent improvements in CFL quality and lower prices. Satisfaction with CFL brightness was also 
found to drive a high likelihood of future purchase intentions, as well as increase the likelihood of high 
general satisfaction. Survey results showed dissatisfaction with brightness was the major reason for 
CFL removals.   
 
Other factors that drive a high likelihood of future CFL purchase intentions are the following: 
1. Renting. As mentioned earlier, this result may reflect the fact that renters are more likely to be 

satisfied with utility bill savings associated with CFLs because they are limited in their ability 
to invest in more intensive energy-efficiency projects. 

2. Early adopters (first CFL purchase prior to 2002). These consumers have had more 
experience with CFLs and may be more comfortable with the technology. Also, they may be 
more likely to believe in the benefits of CFLs because they made their first purchase when a 
CFL cost $10 or more. 

3. Frequent shoppers at stores that tend to carry CFLs.  These consumers are more likely to 
have the opportunity to come into contact with CFLs. 

 
Potential factors that do not affect future CFL purchase intentions include: 
1. CFL incentives and mail CFLs. Recall, however, that incentives were found to encourage past 

purchases. Mail CFLs were not found to encourage purchases in the past either. 
2. Repeat purchasing.  As noted earlier, this variable does not reflect one-time bulk purchases 

that may impact future purchase intentions. It is interesting that a single purchase has the 
same effect on the likelihood of future CFL purchases as repeated purchases. 

3. Live in a high-publicity area. This does not drive prior CFL purchases either. However, it does 
drive awareness and the level of general satisfaction.  

4. Satisfaction with CFL attributes besides brightness. On the other hand, satisfaction with 
several CFL attributes, including brightness, affect the level of general satisfaction. 

5. Demographics other than own/rent and frequent shopper. The only demographic other than 
these two that was found to have an effect in any of the models was a college education, 
which affects CFL awareness and purchases in the past.  
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Table 4. Likelihood a Consumer Will Purchase a CFL in the Coming Year 
Potential Drivers Direction P-value Expected Estimated Rank Order 

Geo-demographic characteristic  
Single family home 0.2617 ↑   
Homeowner** 0.0149 ↑ ↓ 4 
College graduate 0.5883 ?   
High income 0.2259 ↑   
Frequent shopper* 0.0582 ↑ ↑ 6 
Household size 3 or more 0.1143 ↓   

Age (18-34, 35-54) 0.4299 
0.3469 ↓   

Gender 0.3191 ?   
CFL purchaser behavior 
Purchaser v. mail only*** 0.0002 ↑ ↑ 1 
Repeat purchaser 0.6429 ↑   
Recent 1st time purchaser** 0.0119 ↓ ↓ 6 
Has purchased CFLs recently*** <0.0001 ↑ ↑ 3 

Location of purchase (home store, disc 
store, buy store, hw/groc only) 

0.6921 
0.8490 
0.1518 
0.6479 

↑   

Currently installed 0.3964 ↑   

Storing 0.3905 ↓   

Has removed CFLs 0.1459 ↓   

Used a coupon on recent purchase 0.7401 ↓   
EE programs and messages  
Received a coupon 0.8863 ↑   
Received a mail CFL 0.1006 ↑   
Live in high publicity area 0.9165 ↑   
Aware of ENERGY STAR label 0.7271 ↑   

Satisfied with CFLs (satisfied, more 
than satisfied, highly satisfied)*** 

0.0002 
<0.0001 
<0.0001

↑ ↑ 2 

Satisfied with CFL attributes 
Color of light provided 0.9358 ↑   
Brightness of light provided*** 0.0034 ↑ ↑ 5 
Time to light up 0.2397 ↑   
Work w/dimmer & 3-way switches 0.8347 ↑   
Way they fit 0.5077 ↑   
Way they look 0.2828 ↑   
How long they last*** 0.1145 ↑   
Aware of waste disposal issues 0.9418 ↓   
*** Coefficient significantly different from 0 at the 1-percent level. 
** Coefficient significantly different from 0 at the 5-percent level. 
* Coefficient significantly different from 0 at the 10-percent level. 

 
Conclusions 
 
Twenty percent of households in the Northwest are current CFL users who are committed to buying 
CFLs in the coming year. The remainder is comprised of non-purchasers—both aware of CFLs (48 
percent) and unaware of CFLs (39 percent)—and current purchasers who do not plan to buy more in 
the coming year (13 percent). Figure 5 presents the barriers to future CFL purchases for these two 
groups.  
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Figure 5: Barriers to Future CFL Purchases 
Among Non-Purchasers and Purchasers Who 
Do Not Plan to Purchase in the Future (n=1,201) 
 
CFL Awareness 
At 39 percent of unlikely future purchasers, lack of awareness is by far the most important barrier to 
future CFL purchases. Survey results showed that the Alliance’s support of retailers throughout the 
territory as well as local energy-efficiency programs (i.e., in high-publicity areas) are effective in 
raising awareness of CFLs among consumers. Inactive local utilities should be encouraged to 
implement CFL programs that at minimum inform their customers of CFLs (e.g., via bill stuffers) to 
raise awareness among non-shoppers. The Alliance already supports its member utilities and is 
uniquely positioned to provide this encouragement. 
 
CFL First Cost/Lack of Information 
After lack of awareness, first cost and lack of information, at 20 and 17 percent of unlikely future 
purchasers respectively, are the next most important barriers to future CFL purchases. In addition, 
compared with consumers who have not yet purchased a CFL, non-purchasers are less likely to have 
received a coupon in the mail, own their home, or have a college education. Furthermore, the major 
reasons consumers in the Northwest purchase CFLs are to save energy and reduce their electricity 
bill. Taken together, these results suggest that the most effective methods to encourage consumers to 
purchase and continue purchasing CFLs are to help offset the upfront cost and convince them a lower 
electricity bill and other benefits of saving energy are worth the higher cost.  
The Alliance has sponsored programs over the past 5 years that have supported upstream incentives, 
manufacturer support, and midstream retailer interventions to encourage promotion of CFLs. 
Likewise, local utilities in the region have sponsored incentive programs that have targeted both 
retailers and consumers. These market interventions have worked together to educate consumers on 
the benefits of CFLs (via retailer promotions) and reduce their cost (via incentives). Some combination 
of these activities should be continued to encourage non-purchasers to buy CFLs in order to meet the 
Alliance’s long-term CFL market share objective.  
 
CFL Quality  
Satisfaction with CFLs among current users is presently high in the region, and concern about CFL 
performance is not a significant barrier facing non-purchasers. As such, CFL quality is a relatively 
small barrier to future purchases as compared to awareness and first cost/lack of information. 
However, CFL satisfaction is a primary driver of future purchase intentions and, as such, product 
quality should be monitored to ensure current purchasers continue purchasing CFLs. Over the past 
several years, the Alliance and other nationwide stakeholders have worked with ENERGY STAR to 
set, enforce, and monitor the quality of CFLs sold in retail channels through the Program for the 
Evaluation and Analysis of Residential Lighting (PEARL). While these efforts have probably helped to 
improve the quality of products being sold today, there are still issues with regard to product 
performance and consumer perception of CFLs. There is likely the need for stakeholders to continue 
in some way to provide oversight of product quality. The Department of Energy’s proposed ENERGY 
STAR third-party testing and verification process will likely fill this gap. 
The Alliance provides retailers with promotional materials and education and training to ensure 
consumers are educated on lumen equivalents and the proper applications of CFLs. These efforts 
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may lead to a higher degree of satisfaction with CFLs and therefore should be continued. Future 
consumer research in the region could be focused on determining the extent to which bad products 
and/or improper wattage selection/application contribute to dissatisfaction. This type of research could 
inform the Alliance on the importance of strategies targeted at consumers (via retailers) and 
manufacturers (via PEARL). 
 
Future Project Strategies and Goals  
Prior years’ increases in CFL sales may not be sustainable in the coming years as current CFL users 
reach their limit on installed and stored CFLs. A future non-purchaser survey that the Alliance is 
planning may focus on the market potential among unaware and aware non-purchasers in order to 
inform (1) project strategies for meeting the current market share goals and/or (2) revised market 
share goals.  
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Abstract  
The global ENERGY STAR programme relies in large part on manufacturer testing of products and 
their self-certification that these products meet the programme’s performance specifications.  
Although this has been sufficient for many ENERGY STAR product categories, there have been 
persistent concerns about the performance of ENERGY STAR labeled products in a few categories, in 
particular residential light fixtures (RLFs) and compact fluorescent lamps (CFLs).  As a result of these 
concerns, the US Environmental Protection Agency (US EPA), US Department of Energy (US DOE) 
and other efficiency programme sponsors commissioned independent testing of ENERGY STAR 
labeled RLFs and CFLs and found an unacceptably high rate of non-compliance with the ENERGY 
STAR performance specification.   
This paper describes the probable causes of non-compliance, and goes on to describe the remedial 
actions taken to address the problem.  Specifically, in October 2004, US EPA revised the 
performance specification for RLFs to eliminate lifetime certification, and added a manufacturer-paid 
quality assurance (QA) programme to detect and deter the use of the ENERGY STAR label on non-
qualifying ENERGY STAR RLFs.  The QA programme is funded by RLF manufacturers, but is 
implemented by manufacturer-independent testing laboratories that have been accredited by the 
National Voluntary Laboratory Accreditation Program.  A similar programme is being designed for 
CFLs by US DOE. 
The paper describes the design and establishment of the QA programmes and the procedures 
adopted to ensure their integrity.  It continues by discussing the implications of the QA programme for 
the RLF manufacturers, efficiency programme sponsors, and end-users. 
 
The ENERGY STAR Lighting Programme 
 
In 1992 the US Environmental Protection Agency (EPA) introduced ENERGY STAR as a voluntary 
labeling programme designed to identify and promote the use of energy-efficient products to reduce 
greenhouse gas emissions. Computers and monitors were the first labeled products. Through 1995, 
EPA expanded the label to additional office equipment products and residential heating and cooling 
equipment. In 1996, EPA partnered with the US Department of Energy to increase the number of 
product categories covered by ENERGY STAR. The ENERGY STAR label can be found today on 
more than 40 categories of products, including major appliances, office equipment, lighting, home 
electronics, and more. EPA has also extended the label to cover new homes and commercial and 
industrial buildings. 
Initially, the ENERGY STAR label was awarded based on manufacturer self-certification of a product’s 
compliance with the relevant ENERGY STAR specification.  However, as ENERGY STAR labeled 
products began to be used more widely, it became clear that many labeled products – particularly in 
the lighting category – were not compliant with their performance specification.  
EPA estimates that the Energy Star RLF and CFL programmes saved 5.3 billion kWh and prevented 
the emission of 1.1 Million Metric Tonnes of Carbon Equivalent in 2004.1 
 
Residential Light Fixtures 
The Energy Star label was first applied to residential light fixtures (RLFs) in 1997 by US EPA.2 The 
original specification covered system efficacy, total harmonic distortion, power factor, current crest 
factor, electromagnetic interference/radio frequency interference color rendering index, operating 
noise, and a variety of other safety and durability factors.3  As RLF technology advanced, more fixture 
types and technologies were covered by the specification, and the qualifying criteria were made 
progressively more stringent.  For example, in 20014, a specification revision eliminated the use of 
magnetic ballasts in linear fluorescent fixtures.  This prohibition was extended to all indoor fixtures in a 
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specification revision in 2004.5  The 2001 revision also required that several performance attributes be 
tested at a laboratory accredited by the National Voluntary Laboratory Accreditation Program 
(NVLAP), operated by the US National Institute for Standards and Technology.  Revisions in 2001 
also addressed lamp life for the first time: an ENERGY STAR fixture’s lamps are now required to have 
an average rated life of at least 10,000 hours.   
As of March 1, 2006, there were over 6000 residential light fixture models qualified under the 
ENERGY STAR programme.  These include decorative chandeliers, pendant-mounted fixtures, bath 
bars, ceiling-mounted fixtures, recessed downlights, under-cabinet fixtures, architectural lights, and 
outdoor wall-mounted fixtures and post tops.6 
 
Compact Fluorescent Lamps 
Compact fluorescent lamps (CFLs) were first covered by an Energy Star specification in 1999 under 
the leadership of US DOE.  The original specification addressed luminous efficacy, lumen 
maintenance at 40% of rated life, and average rated life.  Subsequent versions of the specification 
addressed lumen maintenance at 1000 hours, rapid cycle stress testing, and interim lifetime testing.  
A new version of the specification, in development at the time of this writing, may include more 
stringent criteria regarding efficacy, run-up time, and sample-to-sample performance consistency.7 
As of February 27, 2006, over 2000 CFL models were qualified under the ENERGY STAR 
specification.  These included bare lamps; globes and other covered lamps; lamps with double, triple, 
quad, spiral and circline configurations; as well as reflectorised lamps.8 
 
ENERGY STAR Quality Assurance Testing 
 
Background 
The ENERGY STAR lighting programs for both RLFs and CFLs have data submission requirements 
for initial product qualification.  When manufacturers qualify products, they are required to submit 
supporting test data from NVLAP-accredited laboratories for tests covering a wide range of 
performance metrics.  However, given the rapidly changing designs of both luminaires and fixtures it 
became apparent that initial product testing was insufficient to ensure ongoing product quality.  EPA, 
DOE and other efficiency programme sponsors heard a rising number of complaints, particularly 
concerning premature failure and insufficient light output.  While no comprehensive investigation has 
been undertaken, it is believed that the failure of ENERGY STAR labeled lighting products to perform 
in accordance with the relevant performance specification is traceable to one or more of the following 
causes: 
• After a product is initially awarded the ENERGY STAR, manufacturers substitute different and 

potentially non-qualified lamp or ballast components.9  
• In some instances, manufacturers may be selecting (or modifying) product samples from the 

production line that do not represent the typical product quality.  This may involve, for 
example, a preliminary internal check by the manufacturer to confirm that the selected 
sample(s) will comply with the ENERGY STAR specification, prior to the samples being 
“officially” tested for compliance. 

• Where a manufacturer uses an external testing laboratory, there may be instances of 
“laboratory shopping.”  Under this scenario, the manufacturer hires Laboratory A to evaluate 
their product for conformance to the ENERGY STAR specification.  If Laboratory A finds that 
the product does not meet the ENERGY STAR specification, the manufacturer then retains 
Laboratory B to perform the same tests in the hope that inter-laboratory testing variances will 
permit the product to be certified.  Only the passing results are reported to EPA or DOE. 

 
In 2000, a group of concerned utilities, programme administrators, regional market transformation 
groups, and energy efficiency advocates formed a new residential lighting testing programme called 
PEARL (Program for the Evaluation and Analysis of Residential Lighting).    
The PEARL Sponsors felt it was critical for consumers to have a positive experience with energy 
efficient lighting products because: 
• These products use roughly one-fourth of the energy used by incandescent lighting products, 

with comparable light output. 
• Lighting represents roughly 15% of residential electricity use and remains a largely untapped 

opportunity for cost-effective energy savings. 
• Unlike their purchase behavior with respect to ENERGY STAR labeled products  that last 10 

years or more (e.g., refrigerators and air conditioners), consumers buy light bulbs several 
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times each year. This presents an excellent opportunity to familiarise consumers with the 
benefits of ENERGY STAR and induce them to seek out ENERGY STAR models when they 
purchase other products that consume much greater amounts of energy. 

• If consumers have a bad experience with ENERGY STAR labeled lighting products, it may 
discourage future purchases of efficient lighting products, and have a negative impact on their 
opinion of ENERGY STAR overall.10 

 
PEARL Programme Description/Structure 
 
Process 
The testing process begins when the PEARL Board chooses ENERGY STAR CFLs and RLFs to test 
(See Figure 1).  Their selection is usually based on sales volumes, consumer complaints and the 
results of prior PEARL testing cycles.  Rather than allowing the manufacturers to select samples, the 
samples are purchased by programme sponsors, and are sent to the Lighting Research Center at 
Rensselaer Polytechnic Institute where the testing is conducted.  In order to develop a representative 
and diverse selection of products, PEARL sponsors attempt to gather samples from three distinct 
geographic regions of the country.  When possible, different retailers are selected in order to ensure 
that the products purchased are truly representative of what is on the market for consumers at any 
given time. 
 
Board Chair 
Responsible for developing consensus on policies for data handling, testing protocols, and product 
lists for testing. 
 
Testing Laboratory 
Responsible for performing tests in accordance with NAVLAP test procedures, producing reports, and 
administering testing funds. 
 
Programme Sponsors 
Responsible for nominating products for testing, programme financial support and “off the shelf” 
lighting product procurement within various geographic regions of the country. 
 

  
Figure 1: PEARL Programme Testing Process 
 
Analysis of Results 
Over the past 5 years, PEARL has been responsible for performing off-the-shelf testing of over 1350 
ENERGY STAR labeled CFLs from 23 manufacturers and 43 ENERGY STAR labeled RLFs from 20 
manufacturers.11   The PEARL sponsors have contributed nearly $1 million to establish the 
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programme and perform seven rounds of testing.  PEARL has played a critical watchdog role and 
helped pressure manufacturers to maintain and in many cases improve the quality of their energy-
efficient residential lighting products. Figure 2 shows the results of 6 rounds of PEARL testing, 
indicating that, generally, programme compliance is improving. In particular, one of the key 
parameters of consumer satisfaction, lumen maintenance, has increased dramatically as 
manufacturers improved their products and reacted to the news that their products were being tested. 

  
Figure 2: PEARL Results by Test Type Through Time 
 
 
Figure 3 shows PEARL results by lamp type, including bare lamp (including helix type), covered lamp, 
and reflector lamps.12  The results are rather alarming in that they reveal widespread non-compliance 
for certain product categories.  For example, only 32% of the reflector lamps met the 1,000 hour 
lumen maintenance test, and worse yet, fewer than 25% of reflector lamps met the 40% rated life 
lumen maintenance requirement.  Among the lamp categories, bare lamps performed the best with 
covered lamp performance falling between the bare lamps and the reflectors. These results indicate a 
startling disconnect between initial product qualification and ongoing product performance.  Products 
that initially met ENERGY STAR performance levels with manufacturer-supplied test data were found 
to be non-compliant at a later date when samples were purchased off the shelf and tested by a third 
party lab. 
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Figure 3: PEARL Test Results, by Lamp Type, All Test Cycles 
 
In addition to the numerous CFLs tested through the PEARL programme, RLFs were also included in 
the tests.  These tests revealed that compliance was generally good.  (It should be noted that lumen 
maintenance was not tested since it was not part of the ENERGY STAR specification for RLFs at the 
time. The most recent RLF specification includes requirements for lumen maintenance, thus future 
testing schemes will test for this parameter.)13  

 
Figure 4: PEARL Results for Residential Light Fixtures 
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Figure 4 shows that compliance improved with each PEARL round, eventually reaching 90% 
compliance in the 6th round of testing.   These results further support the observation that ongoing 
compliance testing induces improved performance.  
 
Comparison of Results with Previous Research 
These results are consistent with observations from previous studies of lighting testing programmes.  
Specifically, Granda and Conway studied the impacts of both the PEARL and the IFC/GEF Efficient 
Lighting Initiative (ELI) testing programmes.  The researchers concluded that the PEARL and ELI 
programs were having a positive impact on lighting quality, shown by increasing compliance and 
improved product performance with each successive PEARL cycle.14  
 
The Shift to Manufacturer-Funded Testing 
 
In 2005 the energy efficiency community announced that they would no longer be able to support 
testing of CFL and RLFs indefinitely.  At that time they mustered support for one final round of PEARL 
testing (Round 7), which is underway as of the writing of this paper.15  Having largely achieved their 
goals of raising performance levels, and showing how essential testing was to ensure product 
performance and programme compliance, the energy efficiency community requested that ongoing 
third-party testing be integrated with future versions of ENERGY STAR specifications.16  EPA and 
DOE responded to this charge by creating manufacturer-funded quality assurance (QA) programmes 
as part of their periodic revision of the ENERGY STAR specifications for RLFs and CFLs. 
 
Compact Fluorescent Lamps 
In December of 2005, DOE released a draft CFL specification revision for comment. There were a 
number of performance issues addressed in the proposed revision, including a requirement that CFL 
manufacturers participate in a “third party testing and verification program.”17  
The goals of the Third-Party Testing and Verification Programme are to: 
• Develop a CFL testing programme that will aid DOE in maintaining quality control of its 

ENERGY STAR CFL program. 
• Develop a mechanism to assure CFL programme sponsors and manufacturers alike that 

qualified products do meet programme requirements. 
• Provide a basis upon which DOE can reasonably disqualify a product that does not exhibit the 

performance necessary to keep its ENERGY STAR status. 
• Maintain the precepts of the ENERGY STAR program, the highest of which is that the 

consumer receives superior products that perform as advertised. 
The programme structure includes: 

• A product selection committee, responsible for overseeing the final product selection 
process for each testing cycle.   The committee is to consist of 5 representatives: two 
members from industry; two members from a lighting stakeholder group or utility; and, 
DOE. 

• Technical and Research Committee: This committee will monitor technical and scientific 
developments involving lighting industry specifications, regulations, and testing 
processes. 

• A Third Party Programme Administrator will provide overall programme management. 
 
Programme Scope and Timing: 

• Number of products tested -The programme is designed to test a substantial number of 
qualified products, with the target goal of testing 20% of the products on the ENERGY 
STAR product list every year. 

• Timeline - The program, as proposed, would test two cycles of products per year, starting 
on September 1, 2006, with the initial product nominations. 

• Product procurement – Must be done “off the shelf” (at retail) without manufacturer 
involvement; samples should be taken from a wide geographic area to ensure that a 
broad sample is procured.   

• Manufacturer nominations of competitors’ products – will be accepted with either test data 
or other rationale indicating that testing is warranted. 

• Programme costs – costs will be set by the Programme Administrator for each set of 
tests.  Fees will be paid by manufacturers to the Third-Party Programme Administrator, 
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and the Administrator in turn will select a qualified laboratory and forward payment, less a 
20% administrative fee, to the laboratory for product procurement and testing.18   

 
Programme Status and Remaining Issues 
As of the release of the latest programme draft, several issues remained before programme 
implementation could begin by the proposed September 1, 2006 start date: 

1) The testing committees need to be formed. 
2) The technical committees need to be formed. 
3) There are questions from the efficiency community regarding the transparency of the process, 

and they are seeking access to more data than DOE is currently proposing to offer. 
4) Programme costs and overall administration needs to be finalised. 

 
Residential Light Fixtures 
EPA introduced a systematic, manufacturer-paid quality assurance programme in October 2004 with 
the release of Version 4 of the RLF specification.  The principal elements of the programme include: 
• Product selection:  EPA will select RLFs for testing from the list of ENERGY STAR qualified 

fixtures.  It is expected that attention will focus on fixtures with high sales volume and/or a 
high frequency of complaints.  Nominations will also be accepted from other efficiency 
programme sponsors, such as electric utilities, as well as from retailers of RLFs and fixture 
manufacturers.  To limit the financial burden of the QA process, no manufacturer will be 
asked to pay for QA testing of more than two of their fixtures in a given year.  EPA will notify 
manufacturers that one or two of their RLFs have been selected for QA testing; the 
manufacturer will then be responsible for retaining a testing laboratory (see below) to perform 
the QA testing. 

• Parameters tested:  The QA testing process will focus on the ENERGY STAR parameters of 
greatest importance to consumer acceptance and those that have shown the highest 
frequency of failure in the PEARL testing process:  efficacy; lamp start time; correlated color 
temperature; color rendering index; lamp base type; lumen maintenance; and maximum 
ballast operating case temperature.  In addition, the RLFs will be examined for conformance 
with the ENERGY STAR consumer education requirements. 

• Testing laboratories:  All QA testing must be performed by an independent NVLAP-accredited 
testing laboratory.  Manufacturers may not perform QA testing in their own testing 
laboratories, even if they are NVLAP-accredited. 

• Sample acquisition:  The testing laboratory will be responsible for sample acquisition.  The 
sampling strategy will be similar to that used in the PEARL program.  Samples will be 
purchased from retailers whenever possible, and the testing laboratory will strive to purchase 
three samples from geographically diverse locations. 

• Testing strategy:  In an effort to contain the cost of the QA programme, product testing will 
begin with only one of the three samples.  If this sample meets all of the ENERGY STAR 
specifications, then the other two samples will not be tested.  However, if the first sample fails 
to meet any performance parameter, the other two samples will be tested as well.  If two or 
three samples fail to meet the same performance parameter of the ENERGY STAR 
specification, the RLF will have its ENERGY STAR label revoked. 

• Information flow:  The testing laboratory is required to provide documentation of the test 
results to EPA as well as the manufacturer paying for the tests.  EPA will use those data to 
maintain or revoke a product’s ENERGY STAR qualification.  EPA may also choose to 
release aggregated data on the results of the QA program. 

 
Programme Status and Remaining Issues 
The energy efficiency community has high hopes that the RLF QA process will have an even greater 
impact on product quality than PEARL had.  However, it is important to acknowledge the challenges 
confronting the QA program: 
• Cost:  Even if only one sample is tested, the cost of purchasing three samples and testing one 

could exceed $2000.  However if a full three sample test were required the cost could be 
several thousand dollars. While this is expected to be a manageable cost for large, high-
volume manufacturers, it could prove unacceptably burdensome to smaller, lower-volume and 
lower-margin manufacturers.  This may result in fewer RLFs being qualified under ENERGY 
STAR. 
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• Time:  Most of the QA test elements can be completed in a matter of weeks.  Lumen 
maintenance testing, however, will take many months.  The first sample will have a first lumen 
maintenance check at 1000 hours.  If the sample fails to meet the lumen maintenance at 40% 
of rated life criterion at the 1000-hour mark, then testing will begin immediately on the other 2 
samples.  A disqualifying failure (i.e., two or three samples failing the same parameter), 
however, cannot occur for lumen maintenance until the second and third samples are also 
checked at their 1000-hour mark.  Thus, the earliest a lumen-maintenance disqualification can 
be determined is after 2000 hours of cycling.  At the other extreme, the first sample may have 
an acceptable lumen maintenance level at 1000 hours, but fail at the 40% of rated life mark.  
Testing on the other two samples would begin at that point, with the potential for several 
thousand additional hours of cycling for these two samples before any conclusions can be 
drawn.  Thus, more than a year could pass from testing initiation before an RLF would 
conclusively fail the lumen maintenance test. 

• Product turnover:  Given the thousands of Energy Star qualified RLFs, and the hundreds of 
new ones introduced every year, the QA process will face the challenge of relevance and 
impact.  EPA expects to QA test dozens of RLFs each year, and hopes that this will be a 
credible level of oversight that will be taken seriously by the industry.  The PEARL 
programme, which tested RLFs in similar numbers, clearly had a beneficial impact on product 
quality. 

The procedural guidelines for the RLF QA programme became final in April 2006, at which time the 
first notification letters were sent to manufacturers directing them to begin quality assurance testing on 
their ENERGY STAR RLFs.  The first negative results may be reported as early as the summer of 
2006, while the last result (e.g., 40% of rated life lumen maintenance testing on multiple samples) 
from this first round of QA testing may not be reported until the second half of 2007. 
 
Implications and Outlook 
 
Full implementation of the QA programs will result in testing a larger number of products than has 
been done in the past.  Going forward, both the ENERGY STAR RLF and CFL QA programmes will 
have material cost implications for manufacturers.  These costs take two forms: first, there are the 
costs of the tests themselves.  Second, the more significant cost may appear as increased component 
costs, phosphor costs and revised quality control procedures in reaction to the increased level of 
scrutiny and third-party testing underway.  
 
Quality/number of products 
Assuming that RLF and CFL manufacturers will be more careful about which products they submit for 
ENERGY STAR qualification, we expect the gross number of “qualified products” on the ENERGY 
STAR website to decrease.  Manufacturers are expected to remove products from the list in order to 
avoid the potential penalties associated with having a product tested and de-listed.  At the same time, 
as the number of marginal products fall, those left on the list will be the ones that manufacturers are 
more confident in, and will be of higher quality.  The net result will be a smaller list of higher quality 
products, which will benefit ENERGY STAR, its programme partners and allies, and, most importantly, 
the general public. 
 
Ramifications for other ENERGY STAR qualified products 
Viewed among the list of over 40 product categories, lighting products are somewhat unique.  The 
industry in general lacks strict performance guidelines that are present in other product categories 
such as appliances and heating/cooling systems.  There is no expectation that the QA model being 
implemented for residential lighting products will be applied to other product categories, but it is 
always a possibility.   
However, another consequence of the QA process is the potential to move ENERGY STAR closer to 
an “external certification” model, which would potentially mean that in the long term EPA and DOE 
would no longer be required to review test data, but would instead rely on third parties for both initial 
product qualification and ongoing quality assurance. 
 
Conclusion 
 
Ongoing testing of lighting products is necessary to ensure the integrity of efficient lighting 
programmes.  The results from PEARL indicate that, in the early rounds of testing, compliance was 

848



 

low, and certain product categories (e.g., CFL reflectors) displayed performance problems, some of 
which continue to this day.  The authors also showed how compliance increased with each 
successive round of testing, indicating that product quality was increasing in response to ongoing 
testing.  The paper also discussed two programmes in development, one from EPA and one from 
DOE, which will rely on the manufacturers to fund future QA testing.  It is possible that the QA process 
will result in fewer but higher quality products remaining on the ENERGY STAR list.  Finally, based on 
the experience outlined here with low compliance levels in early rounds of testing, the authors 
conclude that any sponsor of an energy-efficient lighting programme should establish an ongoing 
third-party testing process to ensure that the public and the environment truly benefit from the efforts 
of the programme. 
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Abstract 
The current international CFL market is characterised by a large array of product offerings from which 
consumers often have difficulty identifying appropriate products for their needs, a number of testing 
protocols by which the performance of CFLs are measured, and an array of non-harmonised 
performance specifications which are used for regulation of markets or programmes. Such complexity 
for a relatively simple product brings restrictions on trade, complexity in market surveillance and the 
potential for poor quality products to sour the market, high compliance costs for manufacturers, and 
ultimately, higher product costs to consumers. 
The International CFL Harmonisation Initiative has the ultimate aim of: 
“Delivering higher-quality, low-cost CFL lighting products to consumers worldwide.” [1] 

While this is certainly an ambitious, and even audacious, goal, it is currently being pursued by a 
number of international stakeholders who are working together to create an enabling environment to 
facilitate international trade of CFLs.  
This paper provides an overview of the remarkable progress to date in engaging the international 
community in the development of the initiative. In particular, this paper reports on the development of 
a revised uniform testing protocol for CFLs soon to be submitted to the IEC for review and adoption, 
and the testing programme currently underway to validate the protocol.  
The paper concludes with lessons that have already been learned by the facilitators which may be of 
assistance to others seeking to initiate similar harmonisation activities.  
 
 
Introduction 
 
CFLs have been available for over 20 years and have been actively promoted by manufacturers and 
energy efficiency advocates as energy saving devices for residential and commercial applications. 
Uptake of CFLs continues to accelerate around the globe and CFLs are now available in a wider 
variety of styles, at a lower cost and in more outlets than ever before. However, the increasing use of 
CFLs, and the intense price competition, has brought issues of product performance and quality to the 
fore. In an attempt to continue to maximize the penetration of CFLs into the marketplace, government 
regulators and programme managers have developed a range of performance measures, 
performance requirements, and standards and labeling systems to promote CFLs and protect 
consumer confidence. In fact, at the time of writing, the authors are aware of at least 38 separate 
minimum or premium performance standards and/or labeling systems around the world: [1]  

• 13 minimum CFL standards are in place (9) or under consideration (4); 
• 25 CFL labeling programs are in place (24) or under consideration (1); and 
• One-third of existing programs are mandatory, while two-thirds are voluntary. 

Unfortunately, many of these programmes are using differing techniques for measuring the 
performance of CFLs.  
While there is no doubt that such activities have led to benefits at the local level, it is recognised that 
they have also introduced a new set of barriers to the wider adoption of CFLs, most notably: 

• An increase in costs for manufacturers as they seek to meet the product development and 
compliance actions necessary to access the diverse markets, costs that are ultimately passed 
on to consumers as higher price, or, as a reduction in competition as some manufacturers 
withdraw from supplying smaller economies/niche markets, again increasing the costs to 
consumers; 
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• A stretching of financial and human resources at the local (programme, national or regional) 
level as local actors struggle to develop and enforce each performance, standard or labeling 
system. 

Hence there is recognition that a move towards a pan-national harmonisation of performance 
measures, the establishment of a limited number of performance tiers that could be adopted at the 
local level, and the potential development of a system that would share the burden of enforcement 
would be beneficial to all. Further, given the globally traded nature of CFLs, any attempt at such 
hamonisation actions would be fully in line with commitments made by a large proportion of nations at 
the World Trade Organisation and other regional trading fora to attempt to harmonise standards and 
labeling systems wherever possible. 
In May 2005, at the 6th International Conference on Energy Efficient Lighting in Shanghai, more than 
80 delegates participated in a special session discussing many of the CFL performance issues 
concerning harmonizing CFL specifications around the world. At this session, the delegates agreed in 
principle to pursue international CFL hamonisation, including further research on the issues of 
creating a uniform testing procedure, the potential for the development of a range of performance 
specifications, and an investigation into the opportunities for developing mechanisms for greater 
enforcement of activity to maintain product quality levels. 
 
The International CFL Harmonisation Initiative 
 
As a result of the special-session in Shanghai, and the commitments made by the participants, the 
International CFL Harmonisation Initiative was formed. This initiative has the ultimate aim of: 
“Delivering higher-quality, low-cost CFL lighting products to consumers worldwide”[2] 
While this is certainly an ambitious, and even audacious, goal, it is currently being pursued by a 
number of international stakeholders who are working together to create an enabling environment to 
facilitate international trade of CFLs. The stakeholders have the common vision of reducing the 
number of product types that manufacturers have to produce to serve different international markets, 
while developing a transparent, practical, and inexpensive compliance mechanism that increases 
confidence in CFL quality and performance. 
To achieve this goal, the International CFL Hamonisation Initiative has four main objectives: 

• To create a uniform international testing method, covering the performance features of self-
ballasted CFLs;  

• To identify a number of performance specifications for self ballasted CFLs to facilitate 
international comparisons of CFL performance requirements; 

• To propose internationally acceptable mechanisms to assist programme managers, policy 
makers and enforcers to ensure the products that are delivered to their consumers are of 
suitable quality; and 

• To propose and promote these initiatives to the wider international lighting community. 
This paper provides an overview of the remarkable progress to date in engaging the international 
community in the development of the initiative and the actions underway to develop the new uniform 
testing protocol and the testing programme being undertaken to validate the protocol. (Progress on 
the performance specifications and compliance are presented in a second EEDAL paper [3]).  
The paper concludes with some key lessons that have already been learned by the facilitators of the 
initiative, lessons that may prove useful for other groups seeking to undertake similar hamonisation 
initiatives in the future. 
 
Development of a Comprehensive Testing Protocol for CFLs 
 
An analysis of CFL testing protocols specified by regulators and programme operators in the Asia 
Pacific Economic Cooperation (APEC) trading region[4] (which is thought to be representative of much 
of the rest of the world including the European Union) shows that the testing protocols used in 
national programs are mostly drawn from three principle sources: 1) the IEC (International Electro-
technical Commission), 2) ANSI (American National Standards Institute), and 3) IESNA (Illuminating 
Engineering Society of North America).  Economies in North America tend to use IESNA and ANSI 
testing standards, while the rest of the world tends to use IEC testing standards. The analysis then 
examines in detail the various protocols used within each specification to test the various CFL 
performance criteria and concludes by saying: 

“[The] consistency in testing standards reviewed in this paper suggests there is a good 
foundation for various national programs to adopt a common set of testing conditions. 
The next logical step is to develop a harmonised testing procedure for CFLs through 
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revision of the current IEC standard since it is the one practiced most widely around the 
world.”[4] 

However, the authors’ discussions with a variety of test laboratories demonstrate that the existing test 
methods require considerable interpretation and this may also introduce variations in results, 
depending upon the assumptions made by individual laboratories. As a consequence, there is a need 
not only for a single test method, but one that is sufficiently clear and robust that it can be easily 
followed, and the results replicated by different laboratories. In addition, the existing test methods do 
not all specify the full range of tests relating to the performance criteria set by most CFL standards, 
labels or programmes. Having all potential tests contained within the single test method will also 
clarify the requirements for manufacturers and laboratories, and improve the potential for products to 
conform to regulatory requirements. Hence, the protocol working group began the drafting of a new 
Test Method for electronic self-ballasted CFLs largely based on the existing IEC 60969 test protocol.  
At the time of preparation of this paper a final version of the protocol (version 13[6]) had been issued 
and this is the version undergoing verification testing (see the following section) at present.  
The initial development process leading to the issuing of the version 13 of the protocol draft drew on 
work done by the Joint Standards Australia/Standards New Zealand Technical Committee EL-041-08, 
and by the National Lighting Test Centre in Beijing. Later and more comprehensive drafts were 
developed through open forum meetings in Korea (as part of the 2nd Forum of the International CFL 
Harmonisation Initiative) and a special consultative meeting of Chinese Manufacturers called by the 
China Association of Lighting Industries (CALI), through one-to-one discussion with industry experts, 
and through numerous individual submissions for manufacturers, testing houses, regulators and 
programme operators from the Americas, Europe and Asia.  
 
While there are extensive changes to the detail of the IEC 60969 protocol to address some of the 
issues related to minimizing of laboratory interpretation, the key changes to the protocol are: 
1. The removal of all references to performance requirements: Unlike IEC 60969 the new 

draft protocol contains no performance requirements and only describes relevant test 
methods. This facilitates easier adoption by a range of actors who must respond to differing 
market conditions. A separate working group is examining potential tiers of increasingly 
stringent CFL performance based on the criteria measured through use of the protocol, tiers 
that may be adopted by regulators/programme operators if appropriate to their needs.  

2. Changes to existing scope, definitions and protocols: 
a. Scope of the Protocol:  The protocol is now more restrictive in scope to allow for 

tighter testing definitions. The proposed scope includes all self-ballasted CFLs 
(integral electronics for start, control and stable operation), of all voltages and 
wattages and of all cap types, with the exclusion of cold cathode and non-general 
purpose lamps; 

b. Individual Lamp Failure: To avoid the potential situation where lamps have not 
ceased to operate but are providing only a “glow” output (obviously a situation not 
acceptable to consumers), the definition of lamp failure has been revised to be the 
point when the lamp fails to illuminate or falls below 50% of initial luminous output; 

c. Lamp “on” Time: As a clarification, the protocol now clearly states that any time 
measurement (e.g. aging, lifetime) is only the summation of the periods when the 
lamp is illuminated and NOT the summation of the on and off cycles; 

d. Voltage of Tests: In most previous protocols, either the rated lamp voltage and/or 
the nominal country voltage are defined as the voltage at which tests are to be 
performed. In recognition of the fact that real life supply voltages vary significantly 
from nominal voltages (both upwards and downwards), the voltage for testing is now 
set at (generally) the most stressful conditions for the lamp within its rated voltage 
range, hence ensuring a minimum level of performance for the consumer. 

3. Adoption of a range of test methods for characteristics not previously included in the 
protocol: In particular, new tests have been developed (or adopted from existing programme 
or national protocols) for: 

a. Starting Time: a measure of how long the lamps takes to reach initial constant 
illumination, hence providing sufficient light for consumer safety; 

b. Low Temperature Starting Time Test:  necessary for some regulators/programmes 
operating in extreme northerly or southerly latitudes; 

c. Run-up: a measure of how fast a lamp reaches 80% of its final luminous output, a 
key time period related to consumer satisfaction; 
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d. Switch Withstand Test: Used by a number of regulators/programmes as a more 
realistic representation of real-life operation and consequentially lamp lifei; 

e. Power Factor Test: A criteria being increasingly specified by regulators/programme 
operators wishing to manage load on generation and distribution equipment 

f. Mercury Content Test: Another increasingly important aspect as environmental 
issues wider than energy consumption and product performance come to the fore, the 
mercury content being particularly important given its high toxicity and the potential to 
use additional mercury to improve lamp performance.ii 

Discussions are currently underway with the IEC on the most appropriate route for the submission of 
version 13 of the protocol as the basis for revisions of the existing international standard. Following 
the verification testing any amendments required due to anomalies identified during the tests, and 
additional comments received from stakeholders, will be fed directly to the IEC for consideration 
during their formal review procedures. 
 
Comparative Protocol Verification Testing 
 
Based on Version 13 of the protocol, a major comparative testing programme has commenced to: 

• Highlight any deficiencies in the proposed testing procedures and reveal any difficulties testing 
laboratories have in undertaking the tests as described; 

• Provide direct evidence of proposed testing procedures that demand excessive levels of detail 
and provide the necessary empirical data that can subsequently be used in revising the 
protocol to lower the costs of testing for manufacturers and those groups concerned with 
standards and programme compliance and enforcement; 

• Provide empirical data to facilitate selection of the most appropriate testing protocol where 
more than one method has been proposed (in particular the switch withstand test). 

Testing is being undertaken on a single batch of Philips CFLsiii by the following laboratories:  
Intertek (USA)  
National Lighting Test Centre (China) 
Lighting Association Laboratories (UK) 
LATL (Philippines) 
Delta (Denmark) 
Osram (USA) 
 

Sufficient lamps from the same batch have been procured to allow supply to additional manufacturer, 
government or independent laboratories should they wish to join the comparative verification testing 
group. 
The comparative tests are being conducted following the recommended procedures in IEC 
Guidelines[6]. All results are being collected, analysed and published on an entirely anonymous basis, 
ie all data will be made publicly available, but each data set will not be explicitly linked to the specific 
laboratory undertaking that test. Data analysis is being conducted by an internationally recognised, 
independent expert. Where clarifications are required, the Working Group advisory panel will act as 
arbiters. Should any disputes arise that cannot be resolved firstly by the Working group leader and 
test coordinator or, failing that, the Advisory Committee, a panel drawn from members of an 
internationally recognised body will be contracted and their verdict will be final.  
Results to Date 
The testing programme has only been running since the beginning of June this year. As soon as 
analysed results begin to become available (first results are expected early August 2006), these will 
be made public on the International CFL Harmonisation Website. 

                                                      

i Note that there is significant disagreement on the cycle times to be used for the switch withstand test, but little publicly 
available empirical data to support any particular cycle. Therefore, as part of the verification testing, testing of multiple cycles 
will be undertaken with results made public to inform the debate; 
ii Note: the mercury test currently proposed is based on an Australian-developed method and requires specialist testing by 
Chemical not  lighting laboratories. As a number of other methods of measuring mercury content are also under development in 
the USA and Europe, the mercury test is not being included in the verification testing and will be further developed as the 
results of these alternative measurement techniques become known. 
iii Ideally testing would have been undertaken on a range of lamps from various manufacturers. However, given the costs 
associated with such testing activities, this has not proved possible. However, manufacturers are invited to test their own lamps 
following the proposed protocol (result data sheets, further instructions, etc can be supplied) and submit the resultant test data 
to further enhance the verification/revision process. 
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Mobilising Stakeholder Participation 
 
Within a few months of the start of the CFL initiative, formal public support had been gained from 22 
manufacturers, governments, regulators and programme operators. The mobilization of this support 
base has been vital in providing legitimacy for the project, especially in the early stages when 
widespread knowledge of the initiative was limited. Since then, stakeholder participation in 
development and evolution of proposals under each of the elements of the programme has 
mushroomed, with over 100 separate submissions having been made during the development of the 
draft protocol, the verification testing methodologies and the early proposals on performance tiers.  
Significant effort has be placed into the mobilisation of this stakeholder participation to ensure the 
outcomes of the project are in line with market needs and that these outcomes are appropriate for 
ultimate adoption around the globe. The primary communication tool has been the initiative website 
(www.apec-esis/cfl/www/).  The website includes: 

• Background information on the initiative, current news and other material such as a library of 
CFL-related information; 

• Details of each of the working groups, including the group leaders and facilitators, historical 
actions, ongoing activities and future plans; and 

• The ability to download and review any of the project documents and post comments live. 
The website provides full transparency to all activities, something considered of great importance to 
maintain stakeholder confidence in the process. This transparency is further supported by regular 
(typically 6 monthly) review and reporting meetings which are normally held in collaboration with major 
lighting or energy efficiency conferences around the world. Additional market communications are 
undertaken by ad hoc promotion through the 22 core supporters group, and through e-newsletters, 
bulletin alerts, etc. 
Nevertheless, despite this high level of participation, it became clear that a number of key 
stakeholders (i.e., those that regulate or consume a high proportion of the world production of CFLs) 
were not visibly participating in the programme. Further investigation revealed that this was 
sometimes due to their low awareness and lack of detailed understanding of the initiative, and 
sometimes simply caution as the formal positions of their organisations related to the initiative were 
developed. Having recognised this as an issue, the various working group facilitators are now working 
hard to develop closer communication ties (often on a one-to-one basis) with these key stakeholders 
to ensure their active understanding and participation in the development process. It should be noted 
the aim of transparency is maintained even in one-to-one interactions, with any major outcomes being 
reported on the website wherever possible. 
 
Lessons Learned 
 
While it is still early in the development cycle of the International CFL Harmonisation Initiative, a 
number of key lessons can already be drawn and these may assist the smooth development of 
Harmonisation Initiatives for other products: 
1. Identify key stakeholders to the success of the hamonisation initiative as soon as 

possible and develop and effective communication programme to target these key 
stakeholder and seek their “buy-in” to the project goals. While this may be seem 
obvious, in practice there are a very large number of potentially relevant stakeholders around 
the globe; e.g., manufacturers, government regulators and standards enforcement agencies, 
programme operators, standard development organizations, testing laboratories, retailers, 
and of course, consumers. The goal of providing a forum through which all these global 
stakeholders can participate can lead to a communications strategy that relies heavily on low-
cost mass media tools (print, Internet, e-newsletters, etc). While this is a vital activity, it is 
important to recognise that there may be a much smaller number of key stakeholders (often 
manufacturers, standards development bodies and/or major programmes) that are critical to 
the success of the initiative. For example, if 80% of the products for which hamonisation is 
being sought are purchased by two or three programmes/countries, then the buy-in of the 
programme managers and regulators in these countries is vital in order to give credibility to 
the initiative among other stakeholders; hence their buy-in is critical to overall success. 
Therefore, it is highly recommended that, very early in the project, sufficient resources are 
allocated to identify potential key stakeholders and then develop a proactive communications 
strategy to engage these key stakeholders to obtain their “buy-in” to the project, and to 
maintain their participation throughout.  
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2. Develop initial proposals at the earliest opportunity. Ideally, initial proposals for all 
elements of the initiative will be developed in full consultation with all stakeholders. However, 
in practice it is extremely difficult to motivate stakeholders to submit ideas/proposals based on 
general concepts. Experience indicates that a set of proposals for each element of the 
initiative should be developed at the earliest opportunity and opened for discussion. This then 
provides stakeholders with a clearly defined starting point that can lead to informed 
discussions and alternative proposals. Ultimately the initial proposals may be discarded and 
more appropriate routes followed as a result of submissions by stakeholders; however, an 
initial set of proposals is required to provide focus for the initial stakeholder participation. 

3. Maintain a fully transparent development process. In order for stakeholders to maintain 
confidence in the initiative, it is necessary for each stage of the development process to be 
open for scrutiny. Again, while this may seem a prerequisite and members of the body 
coordinating the process may think the process is indeed transparent; this may not appear to 
be the case among stakeholders. Simple issues such as a delay in the posting of a current 
document under discussion or the comments received can make it appear to stakeholders 
that a parallel and non-transparent development process is occurring from which they are 
excluded, even if the delay is perhaps caused by resourcing problems. Therefore it is highly 
recommended that: 

a. Names, affiliations and contact details for all members of the project 
coordination/facilitation team are published and any changes highlighted immediately; 

b. Clear timelines of activities are published (e.g., dates for issuing proposals, receiving 
comments, holding of consultation meetings, etc.), and these timelines followed, or at 
least any changes publicly announced with the associated reasoning; and 

c. All project documentation published in full, including each iterative draft version of 
proposals, comments received, actions taken and any associated background 
material. 

[It should be noted that at times discussion with stakeholders must be conducted with some 
level of confidentiality, especially in areas where there is clear commercial interest. However, 
such discussions should be limited where possible, and any resultant actions made public at 
the first possible opportunity.] 

4. Establish an effective project management system. In order to ensure that the initiative 
remains transparent and progresses sufficiently rapidly to maintain focus among 
stakeholders, it is extremely important that 

a. A central management/facilitation body is established with members having clearly 
defined roles and time-based objectives; 

b. A clear target end point achieving the overall project goal is set; 
c. Clear timelines and associated activity plans are developed for each element of the 

initiative, and responsibilities for implementation are clearly allocated; and 
d. Regular (monthly) reviews of the progress towards the objectives of each individual 

element and the timelines established for that element are conducted. 
5. Obtain Sufficient Levels of Funding for the Initiative. CFLs are one of the simplest 

technologies of the globally traded energy-efficient products available. Nevertheless, by the 
completion of the project, the coordinators estimate that the organisations providing the core 
funding for the coordination of the harmonisation initiative will have invested in excess of USD 
$750,000. This is in addition to all the voluntary input during consultation and review provided 
by stakeholders from around the world. Failure to have a large proportion of the required 
budget in place before project initiation will result in significant delays during project 
implementation and risk losing the focus of stakeholders and overall project momentum. 
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Abstract  
Market transformation programs create new challenges and opportunities for program evaluators. On 
the one hand, traditional evaluation techniques such as use of pre/post comparisons with treatment 
and control groups may not be possible if the treatment group is potentially the whole population. On 
the other hand, econometric techniques, such as the interrupted time-series model, can potentially 
deal with confounding market effects including free riders and spillover in a comprehensive and 
credible manner. This paper applies the interrupted time-series model to four lighting transformation 
programs, undertaken as part of the Efficient Lighting Initiative.       
The Efficient Lighting Initiative (ELI) was a seven-country program implemented by the International 
Finance Corporation in Argentina, the Czech Republic, Hungary, Latvia, Peru, the Philippines and 
South Africa. The objective of the overall ELI program was to reduce greenhouse gas emissions by 
promoting the use of modern and high-quality lighting products to transform domestic lighting markets. 
Through these market interventions, ELI sought to achieve its goals by: (1) providing consumers with 
reliable information with which they can make educated purchasing decisions and which will allow 
high-quality lighting products to compete fairly; (2) strengthening the manufacturing, service, 
distribution and retail capacity of the local efficient lighting market; and (3) supporting commercial 
financial mechanisms that will allow more consumers to purchase energy-efficient lighting products. 
The paper estimates ELI program impact on energy consumption and emissions.   
 
 
Introduction 
 
Market transformation programs create new challenges and opportunities for program evaluators. On 
the one hand, traditional evaluation techniques such as use of pre/post comparisons with treatment 
and control groups may not be possible if the treatment group is potentially the whole population. On 
the other hand, econometric techniques, such as the interrupted time-series model, can potentially 
deal with confounding market effects including free riders and spillover in a comprehensive and 
credible manner. This paper applies the interrupted time-series model to four lighting transformation 
programs, undertaken as part of the Efficient Lighting Initiative.       
Several previous studies have used econometric methods to analyze the impact of market 
transformation programs. Duke and Kammen [1] found that accounting for interaction between the 
demand response and production response for electronic ballasts increases the consumer benefit 
cost ratio. Horowitz [2] found that coordinated national electronic ballast programs were more cost 
effective than local efforts. Horowitz and Haeri [3] found that the cost of energy efficiency investments 
was fully capitalized in housing prices and that purchasing an energy efficient house was cost 
effective. Jaffe and Stavins [4] found that insulation levels in new residential housing appropriately 
reflect energy prices. Nadel, Thorne, Sachs, Prindle and Elliott [5] provide a comprehensive overview 
of market transformation activities in the United States. Tiedemann [6] applies an econometric 
approach similar to that used here to an analysis of the China Green Lights program.  
This paper uses econometric analysis and simple engineering algorithms to examine the impact of the 
ELI program on sales of energy efficient lighting and on emissions in four developing-country ELI 
participants including Argentina, Peru, Philippines and South Africa. An outline of the paper is as 
follows. The next section provides a summary description of the ELI Program. This is followed by an 
overview of the time-series approach to policy evaluation, including an explanation of both ordinary 
least squares and maximum likelihood estimation. The next three sections provide the main results of 
the study and include the program impact on CFL sales, the program impact on efficient T* tube 
sales, and the program impact on energy savings and emission reductions. The final section is a 
summary and conclusions. 
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Program Description 
 
The Efficient Lighting Initiative (ELI) is a seven-country program implemented by the International 
Finance Corporation in Argentina, the Czech Republic, Hungary, Latvia, Peru, the Philippines and 
South Africa. The objective of the overall ELI program is to reduce greenhouse gas emissions by 
promoting the use of modern and high-quality lighting products to transform domestic lighting markets. 
The markets for lighting products in the four developing ELI countries reflect the economic and social 
dualism characteristic of these countries. Lower income residential customers typically purchase their 
lamps at smaller grocery and general-purpose stores. These stores frequently carry only 25W to 
100W GLS lamps. Middle income and upper income residential customers have access to wide 
variety of stores including department stores, hypermarkets, chain stores, hardware stores and 
lighting stores. These stores carry a wider range of lighting products including a variety of GLS lamps, 
a range of CFLs, energy efficient T5 and T8 tubes and T12 tubes. Business customers, especially 
those in urban areas, have a wider range of options. These include building supply stores, larger 
hardware stores and full service lighting stores, which often carry a full range of lighting products. 
Domestic manufacturing of lighting products is limited in the ELI countries, with most efficient products 
being imported. Given their small domestic markets, all developing ELI countries have problems 
achieving economies of scale.  
Each ELI program initiative falls into one of five methods of market intervention: public awareness and 
education, utility programs, transaction support, market aggregation, and financial incentives. Through 
these market interventions, ELI sought to achieve its goals by:  
• Providing consumers with reliable information with which they can make educated purchasing 

decisions and which will allow high-quality lighting products to compete fairly.  
• Strengthening the manufacturing, service, distribution and retail capacity of the local efficient 

lighting market. 
• Supporting commercial financial mechanisms that will allow more consumers to purchase energy-

efficient lighting products.  
 
Time Series Evaluation Approach 
 
The basic analytical approach of this study is as follows. First, information from local surveys and 
data sources are used to build a database of domestic consumption for various lighting products. 
Second, regression discontinuity models (sometimes referred to as interrupted time-series models) 
are applied to this data to understand the impact of the ELI program on quantities purchased 
domestically for CFLs and efficient fluorescent lamps. In the simple regression framework employed, 
it is assumed that all non-program factors are captured by a time-trend term so that the coefficient on 
a dummy variable for the program period measures program impact. Third, using engineering data, 
algorithms are used to estimate the energy savings for each efficient technology as well as the impact 
of energy savings on emissions.  
Time-series information on product sales and prices is invaluable in understanding market 
transformation, and this is often done by using the ordinary least squares regression model. But time-
series data on sales and prices of products is often characterized by the first-order auto-regressive 
process where the errors between periods are not independent. Applying the usual ordinary least 
squares evaluation framework in this context can potentially provide misleading results.  
We briefly review the ordinary least squares regression model, and then develop the maximum 
likelihood regression model for the case of autocorrelated errors. Further details are included in 
Dhrymes [7], Johnston [8], Malinvaud [9] and Theil [10]. In the typical regression set-up, the 
regression model is given by 

(1) yt = x′tβ  + εt ,  where  εt ∼ N(0, σ2) and t = 1,2, … T. 
Here, yt is the dependent variable at observation, xt is a k×1 vector of independent variables at 
observation t,  β is a k×1 vector of parameters assumed constant for all observations, the error terms 
εt are normally distributed with mean zero and a constant variance σ2 and T is the number of 
observations. In other words, (1) is a set of T equations where the value of yt at time t is a linear 
function of k variables, x1t, x2t, εt … , xkt and an error term. 
We rewrite equation (1) in matrix form as follows 

(2) y = X′β  + ε, where y is a T×1 vector, X is a k×T matrix, β is a T×1 vector, and ε is a 
T×1 vector.  

and also assume that X is a non-stochastic matrix of full rank k ≤ T that satisfies the regularity 
condition limT→∞ (X′X/T) = Q, where Q is a finite and non-singular matrix. Using E for the expectation 
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operator, note that Eε is 0 since the expectation of each of its components is zero. 
Then we define the sum of the squared errors as S and note that the variance of the errors is the 
expectation of S so that representing the identity matrix by I  

(3) S ≡ ε′ε  = (y – X′β)′ (y – X′β) and Eεε’ = σ2I. 
The ordinary least squares estimators of the vector of parameters β* and the variance of the errors σ2* 

are found by minimizing the sum of the squared errors  
(4) ∂S/∂β = -2X′y + 2X′Xβ* = 0. 

Solving (4) for β* the estimated value of β yields the following expression 
(5) β* = (X′ X)-1 X′ y. 

The ordinary least squares estimate of the variance of the errors σ2 is given by the following 
expression 

(6) σ2* = ε*′ε* / (T – k) where ε* = y - Xβ*. 
The estimate of σ2 is used to estimate confidence intervals and to conduct hypotheses tests. Further 
the least squares estimates of the parameters can be shown to be unbiased (i.e., the expected value 
of the estimated parameter is the population parameter) and consistent (i.e., as the sample size 
increases the estimated parameter converges on the population parameter) under the maintained 
assumptions.   
The main alternative to least squares estimation is maximum likelihood estimation. It is normally used 
in circumstances where the underlying assumptions of the standard linear model are not met, but it is 
convenient to first review maximum likelihood estimation of the standard linear model. The basic idea 
of maximum likelihood estimation is to choose estimates for the parameter values that maximize the 
probability that the distribution represented by the estimated parameters generated the observed 
sample. 
Formally, consider the normal linear regression model considered above, the joint likelihood for the T 
observations is the product of T normal densities as follows: 
  (7)  L = f(y1, y2, …, yT) = (2πσ2)-T/2 exp{-(2σ2)-1(y - Xβ)′(y - Xβ)} 
Taking the log of this expression yields: 
  (8)  ln L = -T/2 ln(2π) – T/2 ln(σ2) – (2σ2)-1(y - Xβ)′ (y - Xβ) 
Maximizing the log likelihood function with respect to the parameters yields the first order conditions 
given by expressions (9) and (10): 
  (9)  ∂L/∂β = -σ-2 (-X′y + X′Xβ) = 0 
  (10)  ∂L/∂σ2 = -T (2σ2)-1 + (2σ4)-1 (y - Xβ)′(y - Xβ) = 0 
Solving these equations for the unknown parameters yields the estimators (11) and (12): 
  (11)  β** = (X′X)-1X′y  
  (12)  σ2** = ε**′ε**/T = (T – k)/T σ2* 
The maximum likelihood estimate of β is the same as the ordinary least squares estimate for this 
model and is unbiased and consistent. The maximum likelihood estimate of σ2 is different from the 
ordinary least squares estimate by the factor T/(t – k), and is therefore a biased estimator, but it is a 
consistent estimate since as T→∞ the bias goes to zero. In fact, the strength of maximum likelihood 
estimators is that under fairly general conditions they are consistent, asymptotically normal and 
asymptotically efficient. These features account for their widespread use in econometrics in situations 
where least squares estimates are inappropriate because the requirements of the classical linear 
regression model are not met.  
Up to now we have assumed that covariance’s of the errors are zero or that there is no auto-
correlation. However in many cases, errors are correlated over time rather than independent, often 
due to persistent shocks reflecting the inertia of economic processes or due to omitted variables that 
are hopefully uncorrelated to variables in the model. Auto-correlated errors have three main 
consequences. First, although the OLS errors are unbiased, tests for the statistical significance of the 
parameters and the associated error bands are not correct. Second, OLS is no longer an efficient 
method of estimating parameters. Third, OLS is no longer an efficient method of forecasting future 
values of the dependent variable.   
Suppose the errors are now given by the first-order scheme show in (13)  
  (13)  εt = ρεt-1 + ut, t = 1,2, …,T 
We assume that the absolute value of the parameter ρ is less than one, the ut are independently and 
identically distributed with variance σu

2, and εt are generated by a stationary stochastic process 
beginning in the infinite past. Roughly speaking, a stochastic process is stationary if the mean, 
variance and covariance’s for given lags are constant over time.  
This form of the errors is awkward to work with and the calculations can be simplified by expanding 
the previous expression by making successive substitutions for εt to yield: 
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(14)  εt = Σρiut-1
 , where the sum runs over i = 0,1,…,∞ 

Using the assumptions on ut and the formula for the sum of a converging series gives the variance of 
εt as follows: 

(15)  E(εt
2) = ρ0E(ut

2) + ρ2(ut
2) + ρ4E(uu

4) + … = σu
2/(1 - ρ2) = σε

2  
Finally, the covariance of εt with εt-i is needed, which is: 

(16)  E(εtεt-i) = E([ut + ρut-1 + ρ2ut-2 + …]*[ut + ρut-1 + ρ2ut-2 +…]) = ρiσε
2 

This gives all the variances and covariances in the variance-covariance matrix for εt. Noting that every 
term contains σu

2, this common term can be extracted and the variance-covariance matrix can be 
written as follows: 

(17)  Eεε’ = σu
2Ω  

If the value of ρ were known, the value of β could be found that minimizes this sum of squares as with 
for the ordinary least squares estimator to yield the generalized least squares estimator: 

(18)  β* = (X’Ω-1X)-1X’Ω-1y 
But since the value of ρ is not known, a maximum likelihood estimator can be used, which gives us 
consistent and asymptotically efficient estimates of the parameters. Starting by formulating the 
likelihood function in the usual way and taking its log that yields: 

(19)  ln L(y, X, β, σu
2, ρ) = -T/2 ln(2π) – 1/2 ln|σu

2Ω| – (2σu
2)-1(y - Xβ)′ Ω-1(y - Xβ)  

This expression can be simplified by partially maximizing with respect to β(ρ) and σu
2(ρ) which, noting 

that these expressions are functions of ρ, yields the simpler concentrated likelihood function: 
(20)  ln L*(ρ, y, X) = -T/2{ln(2π) + 1} -T/2 ln{[σu

2(ρ)][(1 - ρ2)-1/T]}  
Maximizing this function with respect to ρ is then a relatively straightforward numerical estimation 
problem.  
 
Impact on CFL Sales 
 
Table 1 shows estimated sales of CFLs in Argentina, Peru, the Philippines and South Africa. In all 
four countries, sales of CFLs have grown substantially over the period covered, and these sales have 
also grown more rapidly than the lighting market as a whole. Sales of CFLs in Argentina in 2001 and 
in South Africa in 1999 were negatively affected by the economic crises in those countries for those 
years. An asterisk represent the ELI program years of 2001, 2002 and 2003. To date sales 
information is not yet available for 2003 for Peru or the Philippines.   
 
Table 1: CFL Sales (thousands) 
 Argentina Peru Philippines South Africa 
1997 1,400 110 4,400 1,448 

1998 1,700 150 4,300 1,656 

1999 2,900 260 3,900 1,908 
2000 5,827 742 4,500 2,520 
2001 7,598 1,286 4,692 4,007 
2002 1,962 2,805 4,899 5,026 
2003 7,661 - - 5,304 

Note: An asterisk represents an ELI Program year. 
 
Table 2 explains the impact of ELI on sales of CFLs, where we use an OLS econometric model in 
which sales in thousands of units are a function of a time trend and a dummy variable for the ELI 
program. For Argentina and South Africa, the models also include an additional dummy variable to 
adjust for the effects of the 2001 and 1999 economic crises respectively. All four models have 
adequate fits to the data, with adjusted R-squared values ranging from 0.35 to 0.97.  
The one-year estimated increase in sales due to ELI is 1,021,000 units in Argentina, 1,412,000 units 
in Peru, 491,000 units in the Philippines and 1,246,000 units in South Africa. The two-year ELI 
program impact for each product in each country then equals twice the one-year ELI impact. The 
period covered by the analysis includes the years 1998 through 2003 for Argentina and South Africa 
and the years 1998 through 2002 for Peru and the Philippines.  
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Table 2: Impact of ELI on CFL Sales, OLS Regressions (thousands) 
 Argentina Peru Philippines South Africa 
Constant  348            

(0.26) 
-374                    
(-1.64) 

4,251                 
(13.08) 

820                
(2.85) 

Year 1,043           
(2.22) 

294                      
(4.29) 

10                 
(0.08) 

452                   
(4.35) 

ELI 1,021           
(0.52) 

1,412                   
(4.49) 

491                
(1.15) 

1,246                 
(2.84) 

Devaluation -5,668                
(-3.73) 

- - -268                     
(-0.84) 

Adjusted R2 0.80 0.96 0.35 0.97 
DW 1.35  1.64 2.90 2.19 

Note: T-statistics for coefficients are shown in parentheses. DW is the Durbin-Watson statistic.  
 
For each regression, the coefficients for each variable are given in the appropriate column with the t-
statistic below in parentheses. The R-squared statistic adjusted for degrees of freedom (a measure of 
goodness of fit) and the Durbin-Watson statistic (a measure of auto-correlation) are also shown. Auto-
correlation refers to the possibility that the error terms in the regression are correlated over time. 
When auto-correlation is significant, application of ordinary least squares regression may lead to 
inefficient estimates of regression coefficients. The possible presence of auto-correlation is tested 
using the Durbin-Watson statistic. In general, values of this statistic close to 2.0 are preferred, while 
values further from 2.0 are less preferred.  
Table 3 explains the impact of ELI on sales of CFLs, where we use a ML econometric model in which 
sales in thousands of units are a function of a time trend and a dummy variable for the ELI program. 
As before, the Argentina and South Africa models also include an additional dummy variable to adjust 
for the effects of the 2001 and 1999 economic crises. In general, the ML models in Table 2 are 
superior to the OLS models in Table 1. The value of adjusted R-squared is often used as a selection 
criteria in comparing alternative models, the idea being that a model with superior explanatory power 
is preferred, other things being equal.  
The adjusted R-squared values are higher for the ML models than for the OLS models. In the case of 
Argentina and the Philippines the difference in explanatory power is substantial, whereas in the case 
of Peru and South Africa the difference in explanatory power is negligible. Overall, the ML regressions 
are preferred. The one-year estimated increase in sales due to ELI is 963,000 units in Argentina, 
1,367,000 units in Peru, 759,000 units in the Philippines and 1,325,000 units in South Africa. As 
before, to determine the impact fo the two-year ELI program, these amounts should be doubled. 
It is worth noting that using a ML model improves the Durbin-Watson statistic in the case of Argentina 
and South Africa, but it worsens the Durbin-Watson statistic in the case of Peru and the Philippines. In 
other words, using a ML model improves the auto-correlation in the case of Argentina and South 
Africa, but it worsens auto-correlation in the case of Peru and the Philippines.  
 
Table 3: Impact of ELI on CFL Sales, ML Regressions (thousands) 
 Argentina Peru Philippines South Africa 
Constant  485                  

(0.35) 
-355                   
(-1.44) 

4,363                 
(22.04) 

837                
(3.15) 

Year 998                 
(2.27) 

294               
(4.00) 

-51                       
(-0.69) 

437                           
(4.11) 

ELI 963                       
(0.55) 

1,367                     
(4.48) 

759                        
(2.84) 

1,325                   
(2.83) 

Devaluation -5,587                  
(-4.65) 

- - -271                       
(-0.76) 

Adjusted R2 0.90 0.97 0.63 0.99 
DW 1.51 1.38 3.18 2.16 

Note: T-statistics for coefficients are shown in parentheses. DW is the Durbin-Watson statistic 
 
Impact on Efficient Fluorescent Tube Sales   
 
Table 4 shows estimated sales of efficient T5 and T8 fluorescent tubes in Argentina, Peru, the 
Philippines and South Africa. In all four countries, sales of CFLs have grown over the period covered. 
As in the case of CFLS, sales of efficient T5 and T8 fluorescent tubes in Argentina in 2001 and in 
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South Africa in 1999 were negatively affected by the economic crises in those countries for those 
years.  As before an asterisk represents the ELI Program years of 2001, 2002 and 2003. 
 
Table 4: T5/T8 Sales (thousands) 
 Argentina Peru Philippines South Africa 
1997 7,320 241 2,450 5,294 

1998 7,320 244 2,550 5,772 

1999 7,654 373 2,550 4,500 
2000 7,175 393 2,600 5,446 
2001 7,488 523 2,750 5,920 
2002 7,614 951 2,900 5,704 
2003 8,473 - - 5,309 

Note: An asterisk represents an ELI Program year.  
 
Table 5 explains the impact of ELI on sales of efficient fluorescent tubes, where we use an OLS 
econometric model in which sales in thousands of units are a function of a time trend and a dummy 
variable for the ELI program. For Argentina and South Africa, the models also include an additional 
dummy variable to adjust for the effects of the 2001 and 1999 economic crises respectively. The 
model fit for Argentina is poor but is good for Peru, the Philippines and South Africa.  
The one-year estimated increase in efficient fluorescent tube sales due to ELI is 146,000 units in 
Argentina, 382,000 units in Peru, 124,000 units in the Philippines and 425,000 units in South Africa. 
The two-year ELI program impact for each product in each country then equals twice the one-year ELI 
impact. The period covered by the analysis includes the years 1998 through 2003 for Argentina and 
South Africa and the years 1998 through 2002 for Peru and the Philippines. 
 
Table 5: Impact of ELI on T5-T8 Sales, OLS Regressions (thousands) 
 Argentina      Peru       Philippines   South  Africa   
Constant 7,034          

(16.38) 
141                
(3.48) 

2,401               
(43.0) 

5,685              
(17.63) 

Year 134           
(0.88) 

71                      
(5.84) 

55                        
(2.70) 

-78                      
(-0.67) 

ELI 146                 
(0.23) 

382                     
(6.83) 

124                
(1.69) 

425                  
(0.86) 

Devaluation -367                 
(-0.74) 

- - -952                    
(-2.68) 

Adjusted R2 0.13 0.98 0.92 0.59 
DW 1.43 3.30 2.22 1.87 

 
Table 6 explains the impact of ELI on sales of efficient fluorescent tubes, where we use a ML 
econometric model in which sales in thousands of units are a function of a time trend and a dummy 
variable for the ELI program. The Argentina and South Africa models also include an additional 
dummy variable to adjust for the effects of the 2001 and 1999 economic crises. In general, the ML 
models in Table 2 are superior to the OLS models in Table 1. The value of adjusted R-squared is 
often used as a selection criteria in comparing alternative models, the idea being that a model with 
superior explanatory power is preferred, other things being equal.  
The adjusted R-squared values are similar for three of the ML models than for the OLS models. In the 
case of Argentina, the difference in explanatory power is substantial, whereas in the case of Peru, the 
Philippines and South Africa the difference in explanatory power is negligible. Overall, the ML 
regressions are slightly preferred. The one-year estimated increase in sales due to ELI is 151,000 
units in Argentina, 417,000 units in Peru, 177,000 units in the Philippines and 650,000 units in South 
Africa.  
It is worth noting that using a ML model improves the Durbin-Watson statistic in the case of Argentina, 
Peru and the Philippines, but it worsens the Durbin-Watson statistic in the case of South Africa. In 
other words, using a ML model improves the auto-correlation in the case of Argentina, Peru and the 
Philippines, but it worsens auto-correlation in the case of South Africa.  
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Table 6: Impact of ELI on T5-T8 Sales, ML Regressions (thousands) 
 Argentina      Peru       Philippines   South  Africa   
Constant 7,026                

(15.77) 
132                       
(29.91) 

2,453                      
(84.2) 

5,770                   
(25.42) 

Year 140                   
(0.95) 

72                      
(52.40) 

34                        
(3.14) 

-122                      
(-1.13) 

ELI 151               
(1.22) 

417                      
(43.01) 

177                       
(4.58) 

650                       
(1.30) 

Devaluation -389                    
(-0.91) 

- - -704                      
(-1.75) 

Adjusted R2 0.54 0.98 0.89 0.59 
DW 1.80 2.79 2.84 1.95 

Note: T-statistics for coefficients are shown in parentheses. DW is the Durbin-Watson statistic.  
 
Impact on Energy Use and Emissions 
 
Energy savings were estimated for CFLs and T5/T8 tubes. Energy savings are defined as change in 
load multiplied by average annual hours multiplied by ELI program impact on sales.  For GLS lamps, it 
is assumed that an 18 watt CFL replaces, on average, a 75 watt GLS lamp leading to a change in 
load of 57 watts. Average hours of use are assumed to be 4.0 hours per day or 1,460 hours per year. 
For fluorescent tubes, it is assumed that a 32 watt T8 tube replaces, on average, a 40 watt T12 tube 
leading to a change in load of 8 watts. Average hours of use for fluorescent tubes are assumed to be 
5 hours per day or 1,825 hours per year.  
The unit savings results are shown below. Estimated savings per unit are 83.2 kWh per year for a 
CFL replacing a GLS lamp and 14.6 kWh per year for a T8 lamp replacing a T12 lamp.  These results 
are the estimated savings that would be experienced at the customers’ meters. At the system level, 
savings would be about ten percent higher to allow for transmission losses and distribution losses. 
 
Table 7: Customer Savings at the Meter 
 Base 

lamp (W)  
Efficient   
lamp         
(W) 

Unit 
savings 
(W) 

Hours 
(per 
year) 

Unit 
meter 
savings 
(kWh) 

Line 
Loss 
Factor  

Unit 
busbar 
savings 
(kWh)  

CFL vs. GLS 75 18  57  1,460 83.2 1.10 91.5 
T8 vs. T12 40  32  8 1,825 14.6 1.10 16.1 

 
Energy savings were calculated for each product in each country as the product of units savings 
multiplied by ELI sales impacts for the relevant product type. ELI sales impacts are twice the sales 
impacts from the statistically preferred maximum likelihood models. Savings for each country were 
then calculated as the sum of savings for each product in that country.  
 
Table 8: Total Energy Savings  
 CFL    T5-T8       Total 
 Unit bus 

savings 
(kWh) 

Units 
(millions) 

Sub-total 
savings 
(GWh) 

Unit bus 
savings 
(kWh) 

Units 
(millions) 

Sub-total 
savings 
(GWh) 

Total 
savings 
(GWh) 

Argentina 91.5 1.926 176.2 16.1 0.302 4.9 181.1 
Peru 91.5 2.734 250.2 16.1 0.834 13.4 263.6 
Philippines 91.5 1.518 138.9 16.1 0.354 5.7 144.6 
S. Africa 91.5 2.650 242.5 16.1 1.300 20.9 263.4 

 
In preparing greenhouse gas inventories, there is typically emphasis on algorithms that estimate 
emissions as the product of emission factors multiplied by fuel consumption multiplied by the 
appropriate oxidization fraction. The Intergovernmental Panel on Climate Change has suggested 
three main approaches to the analysis of greenhouse gas emissions as follows. Tier 1 emission 
factors represent average emissions per unit of fuel consumed and are not technology specific. Like 
the other IPCC emission factors, the Tier 1 factors are expressed in terms of quantity of emissions per 
terajoule of energy, so that fuel data in mass or volumetric terms must be converted to their energy 
equivalents before the emission factors can be applied. Tier 2 emission factors provide a more 

865



detailed approach by disaggregating fuel consumption data using types of technologies that are 
homogenous enough to realistically permit the use of representative emission factors. Tier 3 emission 
factors are site and plant specific emission factors and require considerable detailed information. This 
study uses essentially a Tier 1 analysis, with estimated country-specific emissions factors as shown in 
Table 9. 
 
Table 9: Annual Energy Savings and Emissions Reductions 
 Energy 

savings 
(GWh) 

CO2 per 
kWh 
(kgms) 

SO2 per 
kWh 
(gms) 

NOx per 
kWh 
(gms) 

CO2 total 
(ktonnes) 

SO2 total 
(tonnes) 
 

NOx total 
(tonnes) 
 

Argentina 357.3 0.27 2.46 1.12 100.7 917.8 417.9 
Peru 513.8 0.36 3.28 1.49 185.0 1,685.3 765.6 
Philippines 283.5 0.39 3.56 1.61 110.6 1,009.3 456.4 
S Africa 505.9 1.17 10.67 4.84 591.9 5,398.0 2,448.6 
Total 1,660.5    988.2 9,010.4 4,088.5 

 
Conclusions 
 
The purpose of this paper is to develop and apply an interrupted time-series model to market 
transformation programs in Argentina, Peru, the Philippines and South Africa. As noted above, market 
transformation programs create new challenges and opportunities for program evaluators. On the one 
hand, traditional evaluation techniques such as use of pre/post comparisons with treatment and 
control groups may not be possible if the treatment group is potentially the whole population. On the 
other hand, econometric techniques, such as the interrupted time-series model, can potentially deal 
with confounding market effects including free riders and spillover in a comprehensive and credible 
manner.  
The four developing countries ELI programs had a number of major impacts, including the following. 
First,  sales of compact fluorescent lamps increased by 1,926,000 units in Argentina, 2,734,000 units 
in Peru, 1,518,000 units in the Philippines and 2,650,000 units per year in South Africa.  Second, 
sales of T5-T8 lamps increased by 302,000 units in Argentina, 834,000 units in Peru, 354,000 units in 
the Philippines and 1,300,594,000 units in South Africa. Third, total energy savings were some 
1,661GWh per year. Fifth, carbon dioxide emissions savings were reduced by about 988 kilotonnes 
per year; sulphur dioxide emissions savings were about 9,010 tonnes per year; and nitrous oxides 
emissions savings were about 4,089 tonnes per year. 
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Abstract  
Light emitting diodes potentially offer large energy savings from domestic lighting in the UK and could 
offer global energy savings on a massive scale. However, in the developed world, the lighting market 
is not dominated by the need for low energy sources so much as for lamps and luminaires that 
compliment our lifestyle. Domestic lighting is an interior design choice and subject to fashion. 
Although there is major investment being made by companies developing the LED sources 
themselves, the development of luminaires to make use of them is still primarily taking place, and 
likely to continue to take place, in small to medium enterprises (SMEs). If LEDs are to make an impact 
on the domestic lighting market in the next ten years, policies will need to be developed that will 
encourage synchronous development of the LEDs with the luminaires that use them. 
LEDs have several major benefits however they have a few potential drawbacks that require careful 
luminaire design to overcome. Sophisticated luminaire designs will be required to build the market for 
LEDs in the home. The domestic user is unlikely to be swayed in their favour by energy 
considerations alone and the luminaire manufacturers will not start to use LEDs in their designs 
unless they can see some positive benefits in doing so. 
This paper explores the domestic luminaire market, its drivers and barriers and examines the potential 
policy instruments that could help to drive the domestic lighting market towards the adoption of LEDs 
as the primary light source of choice. 
 
 
Introduction 
 
Light emitting diodes potentially offer energy savings of many terawatt-hours from domestic lighting in 
the UK and could offer global energy savings on a massive scale. In the developing countries LEDs 
offer the potential for quite bright lights that can be run by batteries that have been charged using 
solar power and offer a real alternative to kerosene lamps in remote areas not supplied with mains 
electrical power. However, in the developed world, the lighting market is not dominated by the need 
for low energy sources so much as for lamps and luminaires that compliment our lifestyle. Domestic 
lighting is an interior design choice and subject to fashion. 
Although many billions of dollars are being invested both by companies and from Government funding 
worldwide in developing the LED sources themselves, the development of luminaires to make use of 
them is still primarily taking place, and likely to continue to take place, in small to medium enterprises 
(SMEs). If LEDs are to make an impact on the domestic lighting market in the next ten years, policies 
will need to be developed that will encourage synchronous development of the LEDs with the 
luminaires that use them. 
 
Benefits of LEDs in the Domestic Setting 
 
LEDs have several major benefits – they are long-lived, they provide the kind of ‘sparkle’ light effect 
popular in the home, and they are already exceeding the energy efficiency of tungsten filament and 
tungsten halogen lamps.  
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If a luminaire is well-designed, the LEDs can last for the full 
useful lifetime of the luminaire itself. With an average usage 
of 1.2 hours per day (the average usage of a 60W tungsten 
filament bulb in the UK) [1] and LEDs with a lifetime of 50,000 
hours, the LEDs would last for over one hundred years. This 
is a conservative estimate of their lifetime to failure but 
perhaps a realistic one in terms of providing enough useful 
light from the fitting as the light output falls continuously with 
age. Even fittings used for 6-8 hours a day would last 17-20 
years, after which time they would be looking dated if they 
hadn’t already been replaced by new occupants of the 
dwelling. 
Traditionally the domestic market preference for tungsten 
filament lighting has been hard to break. CFLs are not very 
popular because even the ‘warm white’ lamps have a colder 
appearance than GLS bulbs. They also have a more diffuse 
light and lack the ability to give ‘sparkle’ to glass and metallic 
objects in the home. In recent years tungsten halogen lamps 
have made an impact in the home, especially in kitchens and 
modern interiors as they give a lot of sparkle to the clean and 
metallic finishes that are in vogue. 

LEDs offer the option of high efficiency point sources that can give the kind of sparkle prized by 
lighting designers for domestic and leisure and retail commercial applications. As such they have the 
possibility to make more of an impact in the domestic sector than CFLs have done. They also offer 
instantaneous full lumen output and dimming potential, thereby avoiding two other technical 
challenges of CFLs. 
LEDs also offer very significant potential energy and carbon savings in the long term. Most, although 
not all, LEDs are more energy efficient than incandescent light sources. The newest white light LEDs 
in production at present are giving about 70 lumens per watt (LPW). Projections made in 2003 
predicted 100 LPW in production by 2010 rising to 160 LPW by 2020 for high colour rendering index 
white light LEDs (Ra = 76 - 90) [2].  It is possible that current efforts are moving development of LEDs 
at an even faster rate than that (thought to be) moderately optimistic scenario. Some sources suggest 
that the current rate of development is up to 2 years ahead of these projections. 
The UK Market Transformation Programme has estimated that LED lighting in homes could save 12.7 
TWh per annum by 2020 (note that a quite aggressive policy scenario to change most household 
lighting to compact fluorescent lamps would yield 10 TWh per annum of savings). In the longer term, a 
conversion to 100% LED lighting (with efficacy of 100 LPW) would reduce the UK domestic lighting 
energy usage to 3 TWh per annum from the current level (2005) of 19 TWh per annum [3]. However, 
appeals to householders to switch light sources to ‘save the planet’ only has an impact on a relative 
minority of people; a cost saving of £42 per annum for the average household might be a more 
effective incentive.  
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The impact of tungsten halogen lighting in homes has shown that consumers are receptive to new 
light sources if they can perceive a positive benefit and the source is presented as an exciting new 
design concept. 
 

 

 
China is a hotbed of development of lighting products based on LEDs 
supplied by other companies. Some of the products starting to be 
introduced to the market place are spot lamps; addressable ‘picture 
walls’; light ‘bricks’; ‘look-alike’ products imitating fluorescent tubes 
and incandescent bulbs; and Christmas lights. Spot lights and 
downlighters are an obvious market for LEDs in the domestic setting 
and colour change lighting for visual effect is also starting to prove 
popular in the domestic setting. 
In the home LEDs are likely to make their first main impact in task 
lighting (table and desk lamps, and under cupboard kitchen lighting) 
and accent lighting. For LEDs to make a major impact in the home a 
complete change is required in how we view home lighting. LEDs 
could be moulded into architectural mouldings or window frames and 
sills. LEDs, viewed as an opportunity rather than a challenge in 
design terms offer the chance to design curved and other

three dimensional lighting surfaces and to place the light sources in the orientation required. Organic 
LEDs offer a quite different design option for lighting designers, as they are sheet materials that could 
be used for ‘wallpaper’ or self-luminous lamp ‘shades’.  
A growing market sector that is helping to make LEDs familiar (and hence acceptable and 
fashionable) in the domestic sector is garden lighting and decking lighting. Fortunately from an energy 
usage point of view, most of this lighting is also solar powered. 
 
Barriers to LEDs in the Domestic Setting 
 
LEDs have a few potential drawbacks that require careful luminaire design to overcome. The current 
generation of power LEDs produce a lot of heat at the ‘chip’ level that must be effectively conducted 
away to avoid severe shortening of the LED lifetime [4]. They are also extremely bright point sources 
and an LED bright enough to replace an incandescent lamp on a one-to-one basis would probably be 
uncomfortably, if not dangerously, bright.  
Therefore, it will almost certainly require that LED luminaires consist of several LEDs (of lower 
individual lumen output and circuit watts) incorporated into the design and that the luminaire itself 
becomes the heat sink. An alternative might be to use larger numbers of the older style 5mm LED 
lamps (which have less heat generation problems), but this choice would place even greater demands 
on the luminaire designer to produce an acceptable product [5]. 
Sophisticated luminaire designs will be required to build the market for LEDs in the home. The 
domestic user is unlikely to be swayed in their favour by energy considerations alone and the 
luminaire manufacturers will not start to use LEDs in their designs unless they can see some positive 
benefits in doing so. 
In order to be very popular in the domestic setting, the colour temperature of the LEDs will have to be 
a very warm white (3000K or less).  Most current ‘white’ LEDs give a very blue white because the light 
is produced from phosphors excited by UV or blue LEDs. Therefore they suffer from the same 
difficulties as CFLs in producing an incandescent-like white light (2700K). 
Colour temperature consistency continues to be a problem for LEDs at the moment. The production 
processes are not able to produce identical product every time which means that if the appearance of 
the LEDs is critical, the LEDs have to be sorted into ‘bins’ of similar coloured lights. This process is 
time-consuming and adds significantly to the overhead costs and economics of LEDs [6]. 
Although the cost of LEDs is coming down all the time, they are still significantly more expensive (in 
one-off capital terms) compared with the same lumen output of tungsten filament or halogen lamp. It 
is possible that the capital cost could be hidden in the cost of the luminaire by marketing the ‘fitting 
that never needs a change of lamp’. Such fittings could be designed initially for hard-to-reach areas 
such as landings. 
However, from a long-term domestic energy efficiency point of view, there is a danger in encouraging 
too many sales of LED fittings before the average LED produced reaches an ‘acceptable’ efficacy 
from an energy efficiency point of view, say 50-60 LPW. A large stock of ‘everlasting’ LED fittings with 
efficacy of 30 LPW would form a large pool of low efficiency equipment in 10 or 15 years time. 
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Fortunately, with the rate of increase of efficacy of LEDs with time, this average is likely to be reached 
in one to two years time, so now is the time to stimulate and encourage the LED luminaire 
manufacturers to produce designs to accommodate them. 
Potential Policy Instruments 
 
Fundamental Research  
Although applied research is required in order to make LEDs useful in the domestic environment there 
are still a number of technical issues that require research at a more fundamental level. These include 
improving the efficacy of the LEDs themselves and, vitally important from a domestic usage point of 
view, improving the colour temperature of the lamps through development of phosphors. Most of this 
development is likely to take place in the large corporations who are dedicating considerable 
resources to LED development, but there is one area in which smaller UK research facilities are 
making significant impacts and that is in Organic Light Emitting Diodes (OLED) research. 
At present OLEDs are being developed for use as display technologies, particularly for small displays 
such as MP3 players. There is no reason why OLEDs could not be used in future as innovative 
lighting sources for general lighting in homes. 
In the UK, fundamental research in Universities is primarily funded through the Engineering and 
Physical Sciences Research Council (EPSRC) [7]. Further funding for fundamental and applied 
research, as well as standards development is available through the Department of Trade and 
Industry (DTI) Technology Programme. The DTI Technology Programme is including white light LED 
and OLED research in its new project calls [8]. 
 
Applied Research 
Perhaps more important from the point of view of getting LEDs into the home is the need for applied 
research aimed at overcoming the problems of heat sinking and light distribution within domestic 
luminaires. This is potentially a difficult policy area as design of luminaires could be seen as a pre-
commercialization exercise and so Government bodies such as the DTI may be unwilling to fund 
these activities. But, as has been stated in the introduction, most luminaire companies in the UK are 
small and medium sized enterprises with very limited research budgets. One approach that may help 
to bridge the gap is to provide support to design students to produce new designs that could then be 
used by small companies. 
The Lighting Association [9] has been involved in running Student Design Competitions for energy 
efficient lighting and many of the winning entries have been taken up by manufacturers. A similar 
competition held in 2007 would bring a useful crop of new designs to the attention of manufacturers at 
the ideal time to kick-start the domestic LED market. 
 
Rebate schemes 
In the UK, luminaires are sold by both large home improvement stores, department stores and by a 
large quantity of small, independent lighting shops, many of whom are members of the trade body the 
Lighting Association. 
In the recent past the Lighting Association (in partnership with the Energy Saving Trust as part of the 
Energy Efficiency Partnership for Homes Lighting Strategy Group) has encouraged the development 
and distribution of luminaires dedicated to the use of pin-based compact fluorescent lamps. The 
Energy Saving Trust developed an Energy Saving Recommended specification [10] for the luminaires 
giving necessary performance standards. The Lighting Association in conjunction with sponsors then 
offered rebates to small retailers to allow them to stock the dedicated luminaires at the same price as 
a luminaire that can take incandescent lamps (the DEELs scheme). By the end of its first full year in 
March 2006, over 580,000 luminaires dedicated to pin-based compact fluorescent lamps had been 
sold through this scheme in the UK. As the annual sales of luminaires total about £50 million [11], if 
we assume that the cost of luminaires varies between about £10 and £40, this would represent 
numerical sales of around 2-3 million per annum. Therefore the DEELs scheme is already making 
significant inroads into the market. It is possible that such a scheme could be extended to include 
LED luminaires when suitable luminaires are available.  
 
Standards Development 
Before any specifications can be written by the EST or anybody else as to what constitutes an 
‘energy-efficient’ LED luminaire there must be adequate and accepted standards for how an LED 
luminaire is assessed. Some Standards are in development at present [12] but it is imperative that 
Standards development is fast-tracked at the same rate as the LED developments so that consumers 
can be confident about what they are buying. Bearing in mind that there is a EU Lamp Labelling 
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Directive [13] that requires most lamps sold in the UK to have an energy label, it would be difficult to 
market LED luminaires without a recognized test procedure. The EC Lamp Labelling Directive would 
also need to be extended to cover LED products. 
 
Retailer agreements 
The UK Market Transformation Programme in conjunction with Defra (The Department for the 
Environment, Food and Rural Affairs) are beginning to open a dialogue with a number of major 
retailers to explore whether Memoranda of Understanding can be agreed whereby the retailers 
voluntarily agree to sales targets for energy efficient products. Such agreements could accelerate 
markets for LED products in the medium to longer term. These agreements could provide a useful 
second step in the development process by providing eager recipients for any product developed. 
SMEs are usually very risk-averse and stimulating a ready market for their new products would go a 
long way to removing the risk element and encouraging innovation. SMEs are willing to develop new 
products if an obvious market is available; retailers could help to stimulate such a market by 
developing product specifications in conjunction with their SME suppliers. 
 
Stimulation of other markets  
LEDs and OLEDs will not be developed for the domestic lighting market in isolation. Many markets 
are emerging for both technologies where the need for good white light of greater efficacy than 
incandescent lamps is not a driver. 
Particularly important emerging markets are those that rely on battery power for the lights e.g. 
automotive lights, both brake and now headlamp lights, and emergency lighting in buildings. It has 
already been stated that other emerging battery powered lighting applications are garden lights and 
solar-powered lamps for areas without mains electricity supplies. 
Another potentially large market for LEDs are traffic signals where the use of coloured lights rather 
than white lights with filters offers a significant power saving. Coloured LEDs have almost completely 
taken over the coloured decorative lighting market in commercial applications. 
LEDs and OLEDs have an increasingly important part to play in display technologies. Ultra-bright 
LEDs are being used as back lights for Liquid Crystal Displays for computer monitors and televisions, 
and OLEDs are being used as displays for MP3 players and other small displays. 
All these uses of the two technologies will help to drive forward technological advances and to lower 
the unit cost of LEDs. 
 
Conclusion 
 
Synchronous development of LEDs, OLEDs and the means to make good use of the light they 
produce is essential if domestic lighting is to reap the energy efficiency benefits offered by the 
technologies in the long term. Whether it be luminaire design or more innovative solutions, means 
must be found to supply good quality (high colour rendering and warm colour temperature) lighting 
effectively in a domestic setting.  
Development of domestic lighting is not just a technological challenge but a design challenge too as 
lighting is an interior design choice more than a purely functional requirement in the developed world. 
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Abstract 
Programmes pursuing efficient residential lighting fixtures (luminaires) have very high potential for 
energy savings when compared with other residential appliances, but they face numerous challenges. 
Some of the barriers include: luminaire design and construction; a difficult mix of market players 
involved in luminaire specification and installation; higher prices for energy-efficient luminaires; limited 
selection for consumers; and a great number of non-standardized lamps and ballasts, which make 
replacement of these products difficult for consumers. In particular, the lack of easily replaceable pin-
based fluorescent lamps has hindered energy efficiency programmes in the United States. 
This paper focuses on the development of a new socket technology that will greatly simplify designing 
and constructing luminaires as well as locating lamp and ballast replacements by consumers. 
Recognizing that replacement lamps and ballasts were a barrier to the acceptance of energy-efficient 
luminaires, a group of energy efficiency advocates and lighting manufacturers gathered at the Lighting 
Research Center in New York in 2004. They launched a competition to select (and later standardize) 
a “line voltage socket” design that would hold a pin-based lamp and ballast. According to the rules of 
the competition, the line voltage socket needed to be non-proprietary and, without any extra wiring, be 
able to house a removable ballast and replaceable compact fluorescent lamp ranging from 9 to 26 
watts, all within the luminaire.  
The technology is now reaching the marketplace and is being used by luminaire designers in the 
United States. Among the benefits highly appreciated by designers are small size and modularity. 
Energy-efficient lighting programme managers are interested in promoting the standardized 
technology, because it will allow consumers to replace the ballasts in the luminaires more easily. The 
U.S. Environmental Protection Agency (US EPA) is working with the lighting industry to develop an 
ANSI standard in 2006. EPA believes that the new technology has the capacity to do for energy-
efficient luminaires what the USB port did for computer hardware peripherals.  
Given the rapid state of development of the technology and the potential for minimizing the 
annoyance of replacing energy-efficient lamps and ballasts, which would simplify energy savings 
programmes in EU and Asian countries, it is important to begin a cooperative effort toward an 
international standardization. This paper can serve as the launching point for this important 
discussion. 
 
 
Introduction 
 
Programmes promoting energy-efficient lighting in the United States are both popular and growing 
among states, electric utilities, and government. While savings on the order of 10% can be achieved 
with major appliances such as refrigerators, lighting technologies can save 66% or more in typical 
installations. Given this savings potential, and the relative low cost of lighting upgrades when 
compared with appliances, energy efficiency spending for lighting programs will total $50 million US in 
2006.[1] Some of the goals of the ENERGY STAR® programme are to remove market barriers to 
energy-efficient lighting by encouraging common program specifications and common marketing 
platforms by retailers, and to drive innovation in new products in order to increase market share for 
efficient lighting. This paper describes how collaboration among the efficiency community and the 
lighting industry can result in significant product breakthroughs that have the potential to remove 
significant barriers to the adoption of efficient lighting in the United States. 
 
 
 

873



 

Background 
 
Lighting manufacturers are continuously innovating with the type and functionality of the efficient 
products that they introduce. One of the problems with the current generation of efficient luminaires is 
that the ballasts were not removable or easily replaceable. This created a maintenance headache for 
the homeowner over the long term. In the spring of 2004, one manufacturer, Technical Consumer 
Products, introduced a prototype of a compact, removable ballast to the marketplace. Over the next 
several months, US EPA programme staff discovered competing models of the same idea, which 
presented both a challenge and an opportunity. The challenge was that if industry went forward on the 
projected path, consumers would be faced with a difficult time in finding replacement ballasts, since 
there were three competing but not interchangeable models. The opportunity was that if industry could 
be directed, a powerful new technology platform could emerge. 
 
Similarities to Efforts in the Computer Industry 
 
Prior to the release of the universal serial bus (USB) in 1995, a typical personal computer would have 
different D-connectors for parallel and serial interfaces, mouse, joystick, MIDI connections, sound 
device jacks, and others. USB technology simplified this tangled web by specifying common 
mechanical connectors, electrical properties, and a higher-level protocol. However, adoption of the 
USB standard did not come easily. Adoption of a standard largely comes from its ability to 
interoperate with other items compatible with the same standard.[2] Even though the USB concept was 
a better and more desirable technology, it did not guarantee its adoption as a standard until the 
advent of the original iMac, which accepted only USB ports in significant enough volumes to drive 
standardization. Driving this standardization process for lighting “connections” was also very much in 
the interest of the lighting industry and energy efficiency advocates for the same reasons that it 
benefited the computer industry. 
 
Round Table Process at the Lighting Research Center 
 
In response to the increasing number of new products that were penetrating the US market, the US 
EPA and the American Lighting Association (ALA) combined forces to make it easier for consumers to 
use energy-efficient residential luminaires, especially those incorporating replaceable electronic 
ballasts. This new technology was, without any doubt, a simple way to increase the selection of 
ENERGY STAR residential luminaires. ENERGY STAR is a government-based program helping 
businesses and individuals protect the environment by using energy-efficient products. However, it 
was important to ensure that the use of this new technology was not going to introduce a new 
complication for consumers, i.e., ballast replacement. At the time, there was no design standard for 
the line-voltage sockets (i.e. what the replaceable ballast plugs into). The lack of a standard line-
voltage socket, and thus a lack of a standard pin base on the replaceable ballasts, could have 
become a barrier to ballast interchangeability.  
With that in mind, the US EPA asked the Lighting Research Center (LRC) to host a round table, 
bringing together luminaire and ballast manufacturers to discuss and determine a standard pin-base 
configuration and to identify next steps. On June 24, 2004 the LRC held the round table. The 
participants agreed to organize a design competition to select one standard line-voltage socket and 
ballast base that would accept replaceable ballasts from different manufacturers within a category of 
luminaires.  
In August 2004, all of the ENERGY STAR partner manufacturers were invited to compete with 
innovative line-voltage socket designs suitable for residential luminaires of 26 watts or less, including 
floor and table lamps, wall fixtures, chandeliers, and ceiling fans. The standardization effort did not 
focus on the ballast itself, its components, or its manufacturer. Rather, the standardization effort was 
for the "socket"—the base of the ballast where it connects to the 120V supply. As a condition of entry, 
the winning socket design had to maintain an open protocol and be made available to the public after 
the competition without royalties. Four manufacturers tendered intent to submit letters. The 
competition submission period closed at the end of September, and three manufacturers submitted 
design specifications and product samples. One manufacturer dropped out of the competition.  
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Line Voltage Socket Design Competition Outcome 
 
In October, 2004, the evaluation committee members and a representative from US EPA undertook a 
process to evaluate competing versions of the product design. Evaluation committee members rated 
each of the technical requirements from 1 to 5 (1 = not acceptable; 2 = acceptable; 3 = good; 4 = very 
good; 5 = excellent). The ratings given by each committee member were compiled and tallied by the 
Evaluation Committee Chair. The design receiving the highest overall ratings was selected as the 
winner of the competition. The overall ratings for the three entries are shown in Table 1. 
 
Table 1: Outcome of design competition 
Company Score (points) 

Technical Consumer Products 120 

Viva Lighting 172 

Rhine 157 
 
The best line-voltage socket and ballast holder design for compact fluorescent lamp (CFL) fixtures 
was selected and drawings of the winning design were made available at the LRC’s Web site.  
Once the line-voltage socket (GU-24) base design was selected, the competition evaluation 
committee submitted its recommended design to ALA and US EPA (Figures 1 and 2). As a follow up, 
the US EPA recommended that the winning entry be the design standard for CFL line-voltage sockets 
used in ENERGY STAR qualified luminaires, making it easier for consumers to purchase replacement 
ballasts for their home lighting. The US EPA has recently built the selected socket into the ENERGY 
STAR residential light fixtures specification, Version 4.0, as a program requirement for luminaires 
which use removable ballasts that are 26 watts or less. 
 

  
Figure 1: Design competition winning submission 
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Figure 2: GU -24 Drawings Submitted to ANSI for Standardization 
 
The US EPA and the LRC are working with the ALA, market transformation groups, retailers, trade 
associations, and socket and ballast manufacturers to encourage universal acceptance of the 
recommended design. Following the completion of the round table process several manufacturers 
began to modify their existing products in order to meet the new consensus design. In spring 2005, 
Technical Consumer Products (TCP) began producing prototypes of single piece units with integrated 
ballasts in one of their Chinese factories. TCP took a new approach by creating a single piece unit, 
which had several advantages. Table 2 summarizes the advantages and disadvantages of single 
piece GU-24 lamp/ballast. 
 
Table 2: Advantages and disadvantages of single piece GU-24 lamp/ballast 

Advantages Disadvantages 

Lower production cost than a two-piece unit More likely to attract “lower quality” 
manufacturers of CFLs due to simplified design 

Fewer components for light fixture designers Disposal issues – increased waste caused by 
shorter ballast life 

Smaller overall size — 

 
In addition to the innovation on the manufacturing side, luminaire designers have also been active in 
integrating the GU-24 into their products. Compliance with ENERGY STAR has become more difficult 
as both the lamp and ballast requirements are becoming more restrictive. Because the most recent 
version of the specification (Version 4.0) requires manufacturers to use the selected GU-24 base for 
any fixture models that have removable ballasts, the manufacturers of the GU-24 lamps and ballasts 
now have a rapidly growing market. Luminaire manufacturers are enthusiastic about the 
standardization that is taking place; they now have the choice of several manufacturers for lamps and 
ballasts where in years past they were forced into permanent alliances with particular lamp and ballast 
suppliers. Today, if a luminaire manufacturer is unsatisfied with its current supplier of GU-24 products, 
they can simply switch to a new supplier. Several manufacturers are adopting the GU-24, because it 
solves multiple problems for them, including being easily understood by the consumer.[3] At one of the 
premier lighting industry events in the US, Dallas Market, numerous luminaire manufacturers 
indicated their intention of adopting the GU-24 for integration with their efficient lighting models.[4] 
Table 3 shows the growth in adoption of the product. Manufacturers currently using GU-24 bases 
include Seagull, Progress, Lithonia, Maxim, Minka, Dolan Designs, Good Earth Lighting, Brownlee 
Lighting, and Hubbarton Forge. 
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Table 3: Growth in adoption: Percent of partners 
and luminaires using GU-24 Base[5] 

 2004 2005 

Partners 0% 20% 

Products 0% 4% 

 
Development of Formal Standards 
 
Another important step toward the adoption of the winning design was to work with members of the 
American National Standards Institute (ANSI) toward the standardization of the selected line-voltage 
socket design. The US EPA and the LRC contacted members of the ANSI base and holder 
committee, asking them to put forward the winning design as a standard. The first step in the ANSI 
process was to make a technical standardization proposal to the ANSI Subcommittee/Working Group. 
A technical coordinator/leader, responsible for preparing the detailed proposal, was appointed to 
move the project forward. The technical coordinator/leader prepared an initial Committee Draft for 
Comment (CDC) in December 2005. The draft is currently being circulated for comments and will be 
followed by a voting process. Assuming the vote passes, the document will proceed after any 
negative votes are resolved. Based on comments received to date, the votes are expected to be 
positive. Once the voting process is finalized, the final standard will be edited and adopted, and a 
publication will be issued. The expectation is to have the final publication during the first semester of 
2006. Once the ANSI standard is approved, it will be necessary to pursue the International 
Electrotechnical Commission (IEC) standardization of the line voltage socket. It is to everyone’s 
benefit that the socket be adopted internationally.  
 
Future Market Projections 
 
For the numerous reasons stated previously, luminaire manufacturers have begun purchasing the 
GU-24 products in large numbers. While the product is not appropriate for all applications (under-
cabinet lighting, for example) there are numerous luminaires in the marketplace which are already 
being designed with the GU-24. Figure 3 shows the historic and projected sales of the GU-24 product 
based on industry projections. While these sales still account for just a fraction of US lighting sales 
(less than 1%), the trend is very positive. Part of this trend follows the progress of the ENERGY STAR 
residential light fixtures program, which has begun to see more and more submissions of luminaires 
which utilize multiple “light sources” such as decorative hanging luminaires. These luminaires may 
have between three and nine individual light sources (Figure 4), making them a perfect candidate for 
the modular relatively low wattage GU-24 design. The alternative is for a luminaire manufacturer to 
use multiple lamps and ballasts, which are larger, more expensive, and more difficult to design and 
manufacture. 

Historic and Projected Sales of GU-24: 
2004 - 2008

0
2,000,000
4,000,000
6,000,000
8,000,000

10,000,000
12,000,000

2003 2004 2005 2006 2007 2008

 
Figure 3: Market Success, Sales of GU-24 Products 
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Source: EPA estimates based on industry projections (2006)  
 

 
Figure 4: Example of New Luminaire Utilizing the GU-24 
Source: American Fluorescent 
 
Conclusions 
 
In this paper we have shown how a combination of technology development, industry market forces, 
and standardization efforts have created a breakthrough in lighting technology. While the technology 
itself is relatively simple when compared with similar standardization breakthrough in other industries 
such as the USB port for computers, it offers significant benefits to users which are driving its 
popularity. Components for residential lighting were previously niche products made in low numbers 
and the GU-24 has radically changed that by building a bridge to the global CFL production 
infrastructure. The benefits to this bridge include: rapid product development, mass manufacturing 
capacities, smaller and smaller sizes, competition among manufacturers, much lower prices, and 
faster qualification of products for the ENERGY STAR program. ANSI standardization in 2006 will 
formalize the process started at the Lighting Research Center by the US EPA in 2004 and next steps 
for global acceptance include proposals to IEC. International efficiency program sponsors and 
luminaire manufacturers are invited to join in this effort to globalize the product by taking steps to 
incorporate the GU-24 into their countries’ respective efficiency programs. 
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Abstract 
At Right Light 6 in Shanghai, June 2005, 80 delegates participated in the launch of the International 
CFL Harmonisation Initiative, with the aim of encourage the production of high quality, low cost CFLs 
worldwide. One of the stated objectives of this initiative is to make proposals regarding the global 
harmonisation of performance specifications.  This paper charts the progress made on this issue and 
presents the participant’s current thinking.  
Compact Fluorescent Lamps (CFLs) have become a global commodity, and approximately 90% are 
now produced in China.  However, this centralisation of manufacture has not been followed by a 
similar rationalisation of technical specifications.  At present, are at least 38 different performance 
specifications and labelling requirements for CFLs in countries around the globe.  Such a diversity of 
local requirements means that manufacturers are unable to maximise costs savings from large scale 
production, and this results in more expensive CFLs for consumers, as well as and higher costs for 
jurisdictions and programmes attempting to stimulate demand for these products.  
This paper examines the most appropriate performance criteria that should be measured to enable 
the performance of CFLs to be rated and make proposals for a suite of voluntary performance 
thresholds for groups of these criteria that could be adopted by a range of market stakeholders across 
a number of jurisdictions. 
 
 
Rationalising the Tower of Babel: International Performance Specifications for 
CFLs 
 
The performance characteristics for compact fluorescent lamps (CFLs) which are important to 
consumers include more than just energy efficiency, and for this reason most programmes (MEPS, 
Labeling and Certification, Bulk Procurement, etc)  include a set of criteria covering a range of 
performance characteristics (a performance specification) which must be met by a lamp to 
comply/qualify. Lamp life, lumen maintenance and start-up time are examples of these ‘other’ 
performance characteristics which are typically covered by specifications [LBNL 2005]. 
As documented elsewhere [du Pont 2005], there are now at least 38 energy efficiency programmes 
for CFLs around the world that have been developed over recent years. Some of these programs 
cover different performance characteristics, with varying thresholds for each characteristic; so that 
there now exist a large number of performance standards, many of which are similar but not exactly 
the same.   
As the market for CFLs has expanded to become truly global, the presence of such a proliferation of 
specifications complicates the compliance tasks for CFL manufacturers and increases the final costs 
to consumers (as manufacturers are unable to capitalise on economies of scale and are have to cover 
the cost of compliance across the differing markets). A recent survey undertaken in seven Asia-Pacific 
countries and amongst 36 CFL manufacturers concluded that there was strong support for 
harmonization, and this would streamline the entire industry and result in significant benefits on cost 
structure [du Pont 2005]. 
While it is recognised that any jurisdiction has the right to set individual performance specifications, 
the benefits of reducing the costs of CFLs to consumers without sacrificing quality (and thereby 
increased penetration rates) is a compelling reason for rationalizing the number of different 
specifications.  Further, it is likely that enforcement costs for authorities could also be reduced, or at 
least targeted more effectively. 
Having a small number of clearly identified sets of performance specifications available to the 
international community may also appeal to jurisdictions which do not current run programmes to 
promote CFLs, and encourage them to launch new initiatives based on the limited number of 
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established performance specifications due to the associated reduced costs/skills required to 
establish a programme. 
At the Shanghai launch of the International CFL Initiative, it was agreed that a working group should 
examine performance specifications for CFLs: 

“Through 2005 and part of 2006, develop a number of performance specifications for 
self-ballasted CFLs of increasing stringency. This framework or scale facilitates any 
interested party (government, industry-operated voluntary scheme or other 
proponent) to select the performance requirements that best fit their particular needs 
(potentially as minimum performance requirements or to indicate better or even best-
available technology).Any CFL scheme would still determine if and when any of these 
performance specifications should operate.” [ICHI 2005] 

This paper discusses what is involved in setting performance specifications, highlights issues which 
require resolution and presents draft specifications for consideration.  
 
Outline of proposal 
 
Following the initial meeting in Shanghai, the working group prepared a discussion document in 
September 2005 (http://www.apec-esis.org/cfl/www/index.php?pageId=1050) which outlined the 
conceptual framework for the harmonization of performance specifications, and highlighted issues to 
be resolved.  This paper was presented at the second meeting in Seoul, Korea in November 2005. 
A performance specification comprises a set of thresholds for identified criteria.  In view of the range 
of potential uses for performance specifications, such as minimum energy performance regulations, 
procurement policies, endorsement labeling, etc, and the range of users (from the most developed to 
newly emerging economies), delegates at the second meeting in Korea agreed that more than one 
set of performance specifications will be required. 
Such a tiered performance system also enhances the capability of nations wanting to use a mix of 
both minimum performance standards and higher efficiency requirements for product endorsement, or 
a stepped labeling system.  
The task of this working group has therefore been to propose several sets of specifications, which 
represent appropriately increasing levels of stringency.  These can be conceived as follows: 
• The lowest specification may represent a level suitable for adoption as a mandatory minimum 

performance threshold in the current market.   
• A intermediate level may represent the requirements of an endorsement programme which aims 

to have a high number of compliant products.   
• The most stringent level might be set to represent current best practice, met by only a small 

proportion of current models. 
Further improvements in technology over time may warrant a higher stringency level than currently 
envisaged, and the system should facilitate the capacity to incorporate improvements in technologies 
into existing or new tiers over time. 
It is intended that once these sets of performance specifications are agreed upon, they would be 
available for adoption by organisations responsible for deciding the specifications for individual energy 
efficiency programs anywhere in the world.  The actual adoption of these performance specifications 
by an individual programme would be voluntary as outlined in the section below. 
 
How will the rationalization of specifications occur? 
 
The International CFL Harmonisation Initiative has no intention or ability to impose new specifications 
on jurisdictions who currently run energy efficiency programmes for CFLs, or on those that wish to do 
so in the future.  The selection of specifications is entirely the responsibility of each individual 
jurisdiction, and the international harmonization project will not alter that in any way. 
However, most energy efficiency programs for CFLs periodically revise their specifications every few 
years, and at this point there is the opportunity for each jurisdiction to consider whether to adopt one 
of the sets of internationally agreed performance specifications being proposed; thus reaping the cost 
benefits of mass produced products rather than the cost penalties of products produced for a small 
number of markets only. 
Similarly, when a new programme is being established, the proponents could choose the set of 
internationally agreed specifications that best meets its requirements.  
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Core criteria 
 
The range of criteria included in performance specifications are generally designed to address the 
concerns of consumers, who typically compare the performance of CFLs with that of incandescent 
lamps.  For example, issues such as lamp lifetime are important to a consumers’ assessment of 
value, since the higher capital cost of a CFL is only repaid by energy savings if longer lifetime claims 
are met. 
Most existing programs include the following criteria in their performance specifications: 

 Efficiency level 
 Lumen Maintenance 
 Lifetime  
 Start-up and Run-up time 
 Colour rendering 
 Colour temperature 

 
Some programmes also specify: 

 Power Factor 
 Starting temperature 
 Cold start ability 
 Lifetime under rapid cycle stress 
 Variation of luminous flux with lamp orientation  
 Marking requirements re: GLS equivalence, Correlated colour temperature and Lifetime 

(hours vs years)  
 Mercury content of lamps 
 Light distribution 
 Noise 

 
In addition, all programmes have requirements with respect to electromagnetic disturbance (EMC), 
total harmonic disturbance and safety requirements, however these are typically specified in safety 
standards or other national or international regulations.  These may also be referenced in CFL 
programme specifications. 
In discussions regarding the development of the test method a further criteria, called the “early failure 
rate”, was considered to be a useful indicator and a means of differentiating products. Specifically, 
this shows the number of lamps from a sample which fail within the first 1,000 hours is also 
increasingly being considered.  This ‘new’ criteria has been added to the list of potential criteria.  
In order to meet the objective of rationalizing the number of different performance specifications, the 
principle adopted is that for each tier there should be a set of ‘core’ criteria for which performance 
specifications are identified.  This would enable any jurisdiction to add further criteria as required, on 
top of this list of core criteria. 
 
The recommended approach for this project is that the following listing should form the core criteria to 
be included in harmonized performance specifications. 

 Efficiency level  
 Lumen maintenance 
 Lifetime 
 Early failure rate 
 Start-up and Run-up time 
 Colour rendering  
 Colour temperature 
 Power factor 
 Mercury content of lamps 

 
It should be noted that although general marking requirements eg. GLS equivalence, Colour 
temperature and Lifetime (hours vs years) were not considered as core criteria, some marking 
proposals have been developed as part of the compliance framework,and are considered core 
criteria.  Further details of this proposal are available from the website: http://www.apec-esis.org/cfl 
With respect to criteria relating to a rapid cycle stress test, this is not widely adopted, and where it is, 
there are differences between the cycle employed by different national programs. The major rationale 
for the rapid cycle criteria is that there is evidence that some users switch on and off their CFLs with a 
greater frequency than that used in current test method, and this behaviour has an impact on the 
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lamp lifetime.  However, user behaviour differs widely depending upon a range of factors including 
geographical location, and hence this is a difficult issue to address internationally.  Therefore at this 
stage it is not proposed that this forms one of the core criteria.   
Nevertheless, if there can be agreement that the current switching cycle does not generally reflect 
common practice, one future option is for the general lifetime tests to adopt a more frequent switching 
cycle, which may then avoid the need for the further rapid cycle test.   
 
Electricity supply conditions 
 
Currently CFLs are manufactured to operate at the voltage/frequency combinations in the target 
market, eg 240v/50Hz in EU, 110v/60Hz in North America, etc.  While it is technically feasible to 
produce lamps which operate at all common voltage/frequency combination, this is not common 
practice. 
It is likely that some of the performance characteristics of identical lamps would vary slightly under 
different electricity supply conditions (efficacy, for example).  In other words, it may be technically 
more difficult to achieve a higher lamp specification for one market than another.  
This raises the issue of whether the performance specifications need to be different for each 
voltage/frequency combination. 
However, since the extent to which efficacy (and other performance aspects such as lifetime) vary 
with voltage/frequency for CFLs is not well known, it would be difficult to quantify equivalent 
performance requirements for each market.  Further, considering that lamps currently meet high 
specifications in both Europe and the US, it is likely that the variations are in fact quite small. 
In any case, since the intention is to have several sets of performance specifications, it is still possible 
for a 240/50Hz country to use a different set of specifications to those adopted in the 115/60Hz 
country, this largely negates the need for equivalent specifications.   
Hence, It is currently proposed that there should be a single set of performance specifications which 
cover all voltage/frequency combinations. 
 
Setting performance requirements 
 
Table 1 below illustrates how the specifications will be set:  for each ‘Tier’ there will be a defined 
minimum performance requirement for each of the ‘core’ criteria. 
 
Table 1: Illustration of Performance Specifications 

Minimum Performance Requirements Criteria 
Efficacy Lifetime Run-up time Colour 

rendering 
Mercury 
content 

Other 
criteria 

Tier 1 A1 B1 C1 D1 E1 F1 
Tier 2 A2 B2 C2 D2 E2 F2 

 
Overall, the requirements for Tier 2 will be more stringent than for Tier 1, however for some individual 
criteria the specifications may be the same.  For example, A2 and E2 may be more stringent than A1 
and E1 (efficacy and mercury content), although D2 and D1 (colour rendering) may have the same 
specification.    
There has been considerable discussion on the number of levels which should be proposed, 
balancing the benefits of simplicity with providing sufficient delineation in the marketplace.  
Participants at the second International CFL Harmonisation workshop in Korea (November 2005) 
decided to proceed on the basis that it is possible to conceive of there being three levels which would 
serve the majority of purposes and which we could aspire to.  In general the three levels are 
characterized as: 
Tier 1: A mandatory minimum performance level 
Tier 2: An endorsement label or procurement programme in a developing country 
Tier 3: An endorsement label for the best products available currently 
Considerable investment has been made by programme designers and manufacturers in the 
specifications used by existing programs, including those currently under revision.  The intention of 
these proposed tiers is not to immediately supersede specification of existing programmes, but to 
provide a target to move towards over a period of time as programs are revised and updated. 
In April 2006, at Light and Build Fair in Frankfurt, an initial set of draft performance criteria in three 
tiers was presented to a range of stakeholders, in particular European lighting manufacturers and 
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suppliers.  This was also sent to selected interested parties not present in Frankfurt and posted on the 
public website in order to stimulate comments.    
In establishing these performance specifications, the aim is to encourage the development of CFLs 
which have appropriate performance characteristics for their application, and which can be 
manufactured at the lowest cost.  This requires the matching of consumer and technical requirements: 
a task which is complicated by the interrelationship between some of the performance criteria.       
As a result of the comments received, some changes to that initial draft were made, and the current 
proposal is shown in Table 2 [ICHI 2006]. It should be noted that these specifications are still subject 
to discussion and agreement by the international community, however it is intended that these should 
be finalized by early 2007.  
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Table 2: Draft specification for bare bulb CFLs: 
 Tier 1 Tier 2  Tier 3 

Starting Time 2.5 seconds 1.5 seconds 1.0 seconds 

Run-up Time 180 seconds 120 seconds 60 seconds (maybe longer for amalgam types) 

Initial Efficacy(without cover) Input power(W) Initial Luminous Efficacy Input power(W) Initial Luminous Efficacy Initial Luminous Efficacy 

 <15 W:  ≥ 45 <15 W:  ≥ 45 Correlated Color Temperature (CCT) 

 ≥15 W  ≥ 55 ≥15 W  ≥ 55 

Input power(W) 

6500K,5000K 4000K,3500K,3000K,2700K 

 

  
  
  
  
  

  
  
  
  
  

≥ 5 to <10 46 50 

 ≥ 10 to <15 52 55 
 ≥ 15 to <25 57 60 
 

  

≥ 25 to < 60 62 65 

Lumen Maintenance (2000 hours) 80% 80% 88% 
Premature Lamp Failure Rate (1000 
hours) ≤ 5%  ≤ 5%  ≤ 5% 

Lifetime Min 4000 Min 6000 Min 8000 

Power Factor 0.5  0.5  0.9 

Colour Appearance 

Lamps must be 
marketed as one of the 
following: 2700K, 
3000K, 3500K, 4100K, 
5000K, or 6500K. 

The color tolerance 
shall be within 
5SDCM from the 
target values 

Lamps must be 
marketed as one of 
the following: 2700K, 
3000K, 3500K, 4100K, 
5000K, or 6500K. 

The color tolerance 
shall be within 
5SDCM from the 
target values 

Lamps must be marketed as one of the 
following: 2700K, 3000K, 3500K, 4100K, 
5000K, or 6500K. 

≥ 90% of sample must fall 
withing 7-step ANSI 
MacAdam ellipse for that 
color temperature.  

Colour Rendering Index CRI > 75  CRI > 80  CRI > 80 

Maximum Mercury Content 10mg/lamp  5mg/lamp  5mg/lamp 

EMC As per local requirements As per local requirements As per local requirements 

Safety As per local requirements As per local requirements As per local requirements 
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Transitional Arrangements 
 
While some countries considering adopting specification for the first time may be able to adopt the 
one of the agreed international specifications imminently, it is recognised that this is impractical for 
many existing programmes.  However, the purpose of discussing these now is to agree levels which 
individual programs could move towards over their next revision cycle. 
In order to see how some of the key current programs fit with these proposals, several of 
commentators have requested that the number of tiers should be expanded.  The organizers have 
therefore suggested that there should be additional tiers, up to six for existing programme 
specifications, and the three new specifications.  These are shown in diagrammatic form in Table 3.      
 
Table 3: Conceptual presentation of nine performance tiers 
 Tier 1  Tier 2 Tier 3 Tier 4 Tier 5 Tier 6 Tier 7 Tier 8 Tier 9 
Efficacy 
Lumen maintenance 
Lifetime 
Early failure rate 
Start-up and Run-up 
time 
Colour rendering & 
colour temperature 
Power factor 
Mercury content 
Lamp marking 
requirements 

Existing specification E1 

Existing specification E2 

N
ew

 Specification N
1 

Existing specification E3 

Existing specification E4 

N
ew

 specification N
2 

Existing specification E5 

Existing specification E6 

N
ew

 specification N
3 

 
It should be noted that when considering this number of specifications it is more difficult to rank them 
overall in terms of the degree of stringency, as some criteria may be more stringent in one 
specification than the other, but the reverse situation may be the case for another criteria.  While it is 
possible to rank specifications for individual criteria, with many criteria in each specification, a 
comparative ranking could only be given if a weighting were ascribed to each criteria.  This introduces 
a degree of subjectivity and has not been attempted.  
As a result, the numbering of the tiers should be viewed as a means of identification, rather than 
indicating any ranking.   
At this stage there has been little work on identifying which existing specifications, or indeed exactly 
how many, would be used as a basis for specifications E1 to E6.   
As mentioned previously, over time it is intended that individual programme specifications will adopt 
the new specifications, as shown in Table 4. 
 
Table 4: Intended transition of specifications over time 

 Tier 
E1 

Tier 
E2 

Tier 
N1 

Tier 
E3 

Tier 
E4 

Tier 
N2 

Tier 
E5 

Tier 
E6 

Tier 
N3 

Migration of 
specifications over 
time 

         

 
Conclusion 
 
Since its launch in June 2005, the main foci of the International CFL Harmonisation Initiative to date 
has been on the development of the test protocol and gaining support and broader participation.  
An initial conceptual framework for the rationalization of performance specifications was presented in 
November 2005 at the second meeting in Seoul, Korea, where considerable stakeholder feedback 
was obtained.  This provided the basis for more detailed proposals put forward in April 2006 at a 
stakeholder meeting in Frankfurt, and there has been considerable discussion of these subsequently. 
The specifications presented in this paper represent the latest set of proposals, which will be 
discussed in detail during the meeting prior to EEDAL in London.  It is intended that international 
agreement will be reached by early 2007. 
During the course of these discussions over the past twelve months, there appears to be growing 
support for the concept of rationalizing the numerous performance specifications that currently exist.  
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While it is recognized that the International CFL Harmonisation Initiative has no ability to enforce 
specifications, most participants have stated that it would be useful to gain agreement on a few 
‘target’ specifications, which represent reasonable performance requirements for a range of 
applications. 
These specifications could be adopted by countries/agencies implementing new programmes, or by 
existing programmes at the time when their specifications are updated. 
In the meantime, there is also support for the idea of a transitional arrangement which recognises the 
existing specifications from some of the key national programmes. A proposal, to be discussed at the 
meeting prior to EEDAL, presents three new ‘target’ specifications and up to six existing 
specifications, giving a total of up to nine tiers. 
Further work will be required over the forthcoming months to gain agreement on the number and 
detailed specifications of the performance requirements for each of the tiers.  Nevertheless there is 
sufficient support for the key elements of the proposal to suggest that the timetable for achieving 
agreement by early 2007 can be met.   
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Abstract 
In France, the High Environmental Quality of Buildings requirements push to develop 
recommendations in order to design buildings which limit their environmental impacts while favouring 
comfort and well being for occupants. So it is necessary to follow a method that takes into account 
step by step the different elements that can influence the comfort and the energy balance of the 
building. To this point of view, visual and thermal environments determine the architectural and 
technical conception of the interior of the building. 
The aim of our work is to develop a multi-criteria approach for analysing and assessing of visual 
comfort in dwellings, taking into account thermal constraints, architectural choices, lighting equipment, 
technology efficiency and energy balance. Our method brings together knowledge derived from 
experiments in the field of visual and thermal ambiance. 
Beginning by the analysis of visual environment we obtain results for natural and artificial lighting that 
will be used for thermal and energy calculation. Daylight represents free light but also solar gains, 
lighting system are source of lighting gains and electrical consumptions. 
We propose to illustrate our multi-criteria approach of evaluation of comfort and energy consumption 
through a real example study. We consider a living room. 
 
 
Analysis of visual ambiance 
 
Visual balance 
The visual comfort for internal environments answer to a triple objective: Performance, Hygiene or 
ergonomic and visual satisfaction. Performance: the visual environment must be adapted to the 
human being and the visual task to be achieved in order to limit effort for the visual system. 
Performance and visual hygiene are closely link. However, we could consider that visual hygiene 
refers to necessary conditions to permit the visual task without introducing annoyances for the visual 
system and the health and for the visual performance. Visual satisfaction means the acceptability of 
the luminous environment by the user. It depends on pleasant aspects of the luminous environment 
(when the operator is concentrate on its visual task and when he look elsewhere to relax) and 
individual preferences (some could prefers a type of visual ambiance even if it is not always 
comfortable, example of an important source of natural lighting unless it is source of discomfort glare). 
The following triangle represents the visual balance to be attempted for a given visual task and a 
considered operator. For each item (Visual performance, hygiene and satisfaction) we define a value 
equal to 0 to 1. The sum of those values must be equal to 1 (Performance + Hygiene + Satisfaction = 
1). In our case of study, living room we consider the following objectives for visual balance: 1/3 Visual 
Performance, 1/3 Visual Hygiene, 1/3 Visual satisfaction. It means that visual performance, Hygiene 
and visual satisfaction has the same importance. 

887



 

Hygien

Performance

Satisfaction

1

1

1

Performance + Hygiene + Satisfaction = 1 

1/3 + 1/3 + 1/3 = 1 

0

 
Figure 1 : Triangle for the visual balance - Case of study: Living room  
 
Daylight availability 
In order to evaluate the daylight availability, we need some generals information about the room. Most 
depend on the architectural choices (geometry, windows, orientation, material choices…) and others 
depend on geographical parameters. 
The annual weather data permits to integrate the climate of the site. Latitude and longitude allow to 
calculate for each month and at each hour the sun position. 
The orientation of the room influences the quantity of direct irradiance arriving on the windows and so 
the solar gains. As an architectural consequence, solar protection must be adapted to the orientation 
of the room. For North orientation, direct irradiance could be neglected; the solar protection has 
essentially an aim for visual aspects. For south or west orientation the solar protection have a double 
objective: modulation of the visual environment by the operator and limitation of solar gains for 
thermal comfort in summer and recovery of solar gains during heating. Thermal results will give us the 
solar protection performance and the necessity or not to improve it. 
The geometry of the room, glazing material, solar protection combine to reflection factor of the wall 
will influence the way light is diffused in the local. 
Translucent materials like glazing are characterise by different energy content: light transmission, 
thermal insulation and solar factor. 
Opaque materials are characterise by the quantity (reflection factor which depend on the colour) and 
the way it reflects light. 
Knowledge of daylight distribution will be important for artificial lighting conception (system of control 
and management) and for the future electrical lighting consumptions. Daylight distribution is 
calculated thanks to the software “Leso-Dial”[3]. Values of daylight factor and autonomy (artificial 
lighting) are given for different points located on a virtual work plane (0.8m from the floor). However, 
those values are given for diffuse conditions of illumination. It gives the relation between the quantity 
of daylight and the quantity of light achieved. Its do not integrate the orientation of the windows. In 
order take into account this point in the evaluation of electrical lighting system consumption, we have 
develop a special module. 
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Table 1: Architectural and general aspects 
Inputs Where to find the inputs 

Geography and weather data of the site 

Geographic latitude and longitude depend on 
the site 
Direct and indirect irradiance and cloud cover 
for each hour coming from “Météo France” 
file. 

General Situation and Orientation Map and General architectural drawings 
Geometry of the room Architectural drawings (Length, depth, high) 
Reflection factor of the wall Depend on the colour of the wall 
Opening and obstruction Architectural drawings 
Windows Glazing materials physical data 

 
Determinant of visual comfort 
Data from the population and the activity of the room permit to establish objectives for visual and 
thermal comfort like the level of illuminance, the luminance distribution, the room temperature…. 
The level of illuminance is determined from the data population and the activity. Every type of activity 
necessitates a specific level of illuminance. Generally, the average illuminance level increase with the 
level of demand for visual perception. In our approach, we refer to standards and regulations in order 
to fix a value. Those values are adapted in function of the age population. Some experiences had also 
demonstrated differences for visual and thermal perception of the environment between men or 
women but in our case, we will only considerate the age of the population. 
Light distribution and luminance contrasts are key factors. Concerning light distribution, it is better to 
have a good general lighting instead of a localized lighting in order to limit glare phenomenon. In 
dwellings, we generally found a punctual source of light in the middle of the room (general lighting) 
and sometime we could found wall-mounted luminary for supplementary lighting. In 1970, John Flynn 
from Penn State University had maid experimental works about psychological aspects of lighting [9]. 
Those works have been useful for designers. Its indicate to designers how to produce subjective 
responses while modifying lighting conception. If we refer to his works, that kind of lighting conception 
seems to produce a relaxation response thanks to creation of a non uniform lighting and 
enhancement of light in external zone thanks to wall-mounted luminary. Those shown the complexity 
of activities in a living room. On the one hand lighting conception must make visual task as watching 
television, reading, eating.. possible and on the other hand it must help resident to relax. It is easier to 
deleted glare coming from lighting system thanks to an indirect lighting conception or using luminary. 
So, the principal glare source will be daylight and one solution is to use solar protection like screen, 
curtains, Venetian blind…As we telling before, take into account thermal performance, solar 
protection choice will depend on the orientation of the room. 
The choice of the lamp will define the quality of light. Concerning temperature of colour of the lamp, 
we refer to the chart of Kruithoff. He established the link between the illuminance level and the colour 
temperature to create comfortable luminous environment. In household people generally prefer 
neutral or hot luminous environment. The color rendering translate the effect of the lamp on the color 
appearance of objects in comparison with their color appearance under a reference illuminant. In 
dwellings generally need a good rendering of color (> to 85). 
 

 
Figure 2 : Chart of Kruithoff  
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Internal thermal environment 
The human body is a very complex thermal system. It has to keep its internal temperature around 
37°C by production or evacuation of heat. The main objective of thermal comfort in building is to 
create an internal climate favourable of the human body activity. In non cooling building the risk of 
thermal discomfort depend on: the maximum temperature reached and the number of hour when the 
room temperature exceeds 28°C. 
Hygrometric and thermal comfort depends on every parameter which can modify heat transfers 
between “occupants and internal environment”. These parameters are: Air temperature, Air speed, 
Radiant temperature of buildings, Relative humidity, Clothing and the body’s activity. The combination 
of the air and buildings temperature gives the resultant temperature feels by the human body. The 
principal determinants of thermal comfort are: building’s thermal insulation, solar protection, 
ventilation, system of control of heating and cooling systems, the position and the temperature of the 
heating and cooling emission system. 
The thermal performance of buildings and their systems are obtained with the thermal dynamic 
simulation software “TAS” [2]. This 3D model integrates different parameters that bring the building 
model to life, such as: climate data (hourly values for solar exposure, humidity, altitude, and 
consequent temperature, etc.), construction materials and glazing types, occupation of the building 
(calendar), solar radiation penetration. It allows comparing alternative heating/cooling strategies and 
designing for comfort, equipment sizing and energy demand. 
 
Technical solutions 
 
Lighting systems 
In household, incandescent lamps are keeping the most useful type of lamp. Many reasons: very 
competitive price, quality of light (good colour rendering and low temperature of colour) and esthetical 
aspect. Even if fluorescent compact lamps have the same quality of light with a life time and an 
efficiency tree times superior, its price is keeping too high and re-setting time (on investment) too 
long. 
 
Results and exploitation 
 
In order to demonstrate the importance of daylight conception for visual and thermal comfort but also 
for provisional energy consumption for lighting equipment and calorific needs, we propose to compare 
results from different case of study: variation of orientation for the same glazing area and variation of 
glazing area for two different orientations. 
Hypothesis of calculation: Geometry : Length: 10m – Depth: 7m – High: 3m - Reflection factor of 
walls: Ceiling: 0.7 Walls: 0.5 Floor: 0.3 

 
 
Figure 3: Geometry of the living room 
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Table 2: Variation of the orientation 
Orientation North South East West 
Glazing area (m²) 28m² 28m² 28m² 28m² 
Daylight factor (%) 8,3 
Autonomy (%) 71 
Electrical consumption (kWh) 949,4 
Compact fluorescent 275 182 190 188 
Incandescent 1 258 835 869 861 
Thermal comfort 
Number of hour > 28°C 
(h/year) 355 1 123 847 1 662 

Maximum temperature 
(°C) 32,2 37,2 35,7 41,2 

Calorific needs 
kWh 3 160,7 1 218,1 2 626,7 1 937 
KWh/m² 45,2 17,4 37,5 27,7 

 

 
Figure 4 : Results for electrical consumption with variation of orientation 
 
Table 3: Variation of the glazing surface for North and South orientation 
Orientation North   South   
Glazing area (m²) 28m² 21m² 14m² 28m² 21m² 14m² 
Daylight factor (%) 8,3 6,5 4,4 8,3 6,5 4,4 
Autonomy (%) 71 63 45 71 63 45 
Electrical consumption (kWh) 
Compact fluorescent 275 351 522 185 235 350 
Incandescent 1 247 1 608 2 391 847 1 074 1 603 
Thermal comfort 
Number of hour > 28°C 
(h/year) 358 269 171 1 123 854 515 

Maximum temperature 
(°C) 32,2 31,2 30,1 37,2 35,2 33 

Calorific needs 
kWh 3 160,7 2 864,6 2 569,9 1 218,1 1 253,7 1 355,2 
KWh/m² 45,2 40,9 36,7 17,4 17,9 19,4 

 
 
 
 
 

891



 
Figure 5 : Results for electrical consumption with variation of glazing area  
 
Those results shown the importance of architectural choices for future electrical lighting systems and 
thermal consumptions. Building designer must integrate as soon as possible different parameters as 
orientation, choice of materials, windows and solar protection in order to find the best compromise 
between comfort and energy savings. 
 
Prospect of the multi-criteria approach 
 
Our multi-criteria approach is in keeping with the application of high environmental quality of buildings 
approach. It does not treat all of the 14 points associated with the method but some of the important 
aspects of building conception: internal comfort and energy consumption. 
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Abstract 
This paper presents the energy efficiency labeling and standards program in Korea, and a new 
standard for electric heating rice cookers. Because Korea has limited natural resources, together with 
the aim of saving energy and reducing impacts on the environment, the Korean government enacted 
a new policy for energy saving. Based on the Rational Energy Utilization Act, in 1992 the Ministry of 
Commerce, Industry and Energy (MOCIE) mandated energy efficiency labeling for particular types of 
consumer products.  
Nowadays the electric heating rice cooker is one of the most necessary household appliances for 
Asians, because rice is the main food for all Asians. The increased number of double-income couples 
and singles makes sales of rice cookers continue to increase. The market penetration of electric 
heating rice cooker increased 10% to 0.95 unit/house in 1995 from 0.85 unit/house in 1993, and it has 
almost saturated by 2003. A new product entered the market in the early 1990’s, having two functions, 
boiling and warming. Before it came to the market many models had only one function, boiling or 
warming, and consumers needed to have two rice cookers in their house. But, a new product has 
replaced the old models quickly, and manufacturers have also tried to develop a new model with a 
compact design and favorite taste. 
From a KEPCO’s (Korea Electric Power Corporation) report in 1997 the annual energy consumption 
in a house showed a very interesting result that electrical heating rice cooker was the 4th energy 
consuming household appliance in a house, was accounting for 11.5% of all electric energy 
consumption in a house. The first was refrigerator, which was 17.3%, the second is lamp, which was 
14.8% and the third was television which was 12.3%. That study motivated stakeholders to develop a 
new rice cooker with high efficiency to save energy. A new test method to measure electric energy 
consumption was developed in 2002 for electric heating rice cooker, and the MOCIE of Korea decided 
to add this item to EELSP from Jan 2004. This paper presents the definition, the characteristics, the test 
method, the MEPS level of electric heating rice cooker. 
 
 
Introduction 
 
Historically, rice has been the main food in every meal for all Asian people. Nowadays the electric 
heating rice cooker is one of the most necessary household appliances for Asians. The preparation of 
rice has traditionally been a tricky cooking process that requires accurate timing, and errors can result 
in inedible undercooked or burnt rice. Rice cookers aim to avoid these problems by automatically 
controlling the heat and timing in the preparation of the rice, while at the same time freeing up a 
heating element on the range. Although the rice cooker does not necessarily speed the cooking 
process, the cook's involvement in cooking rice with a rice cooker is significantly reduced and 
simplified. 
The increased number of double-income couples and singles makes sales of rice cookers continue to 
increase. In Korea the market penetration of electric heating rice cooker had increased 10% to 0.95 
unit/house in 1995 from 0.85 unit/house in 1993, while it had almost saturated by 2003. A new product 
entered the market in the early 1990’s, having two functions, boiling and warming. Before it came to 
the market most models had only one function, boiling or warming, and consumers needed to have 
two rice cookers in their house. The new product replaced the old models quickly, and more recently, 
manufacturers have also tried to develop a new model with a compact design, and favorite taste. 
From a KEPCO’s (Korea Electric Power Corporation) report in 19971 the annual energy consumption 
in a house showed a very interesting result that electrical heating rice cooker was the 4th energy 
consuming household appliance in a house, it was 11.5% of all electric energy consumption in a 
house. The first was refrigerator, which was 17.3%, the second is lamp, which was 14.8% and the 
third was television which was 12.3%. The report motivated stakeholders to develop a new rice 
cooker with high efficiency, to save energy. A new test method to measure electric energy consumption 
was developed in 2002 for electric heating rice cookers, and the MOCIE of Korea decided to add this 
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item to EELSP from Jan 2004. This paper presents the definition, the characteristics, the test method, 
and the MEPS level of electric heating rice cooker. 
 
Energy Review in Korea 
 
With rapid economic growth propelled by heavy, chemical, and automobile industries, Korea‘s energy 
consumption has increased sharply since the mid-1970s. The total primary energy consumption, 
which stood at 43.9 million TOE in 1980, increased nearly four-fold to 233.3 million TOE in 2004, to 
rank Korea as the tenth largest energy-consuming country in the world. Per capita energy 
consumption also increased rapidly from 1.15 TOE in 1980 to 4.84 TOE in 2004. Poor in indigenous 
energy resources, Korea has to rely almost entirely on imports to meet its energy needs. In 2004, the 
dependency rate on imported energy, including nuclear energy, was 96.9%. The high rate of increase 
in energy demand is expected to persist in the future, because further economic growth is expected 
despite nationwide efforts driven by the government to encourage energy conservation and higher 
energy efficiency. 
 
Table 1. Major energy statistics 

Energy Supply 
(1,000 TOE) 

Energy 
Consumption 
per person 
(TOE/person) 

Year Energy 
consumption 
(1,000 TOE) 

Imported Self 

Oversea 
dependence 
(%) 

GDP 
(Million 
US$) 

GDP 
growth 
(%) 

Population 
(1,000) 

Primary 
energy 
consumption 
growth 
(%)  

1995 150559 145724 21593 96.79 467,099 8.3 45093 9.7 3.34 

1996 165349 160905 22925 97.31 499,790 7 45525 9.8 3.63 

1997 180881 176539 23614 97.60 523,035 4.7 45954 9.4 3.94 

1998 166174 161408 27188 97.13 487,184 -6.9 46287 -8.1 3.59 

1999 181671 176636 30801 97.23 533,399 9.5 46617 9.3 3.90 

2000 193219 187816 32645 97.20 578,665 8.5 47008 6.4 4.11 

2001 198410 193424 33339 97.49 600,866 3.8 47343 2.7 4.19 

2002 208636 203060 35741 97.33 642,748 7 47640 5.2 4.38 

2003 215065 208792 39113 97.08 662,655 3.1 47925 3.1 4.49 

2004 233320 226113 52900 96.91 693,424 4.6 48331 8.5 4.84 

 
The end-use of the energy shown in Table 2 is a summary of the lasting changes in each of the end-
use sectors.  The ratio of the residential sector was a slight decrease from 25.4% to 23.6% of total 
consumption in 1994 and 2004 even the energy consumption was increased steadily. We may 
estimate that the household appliances were developed with the high energy efficiency for a decade, 
which was encouraged with Energy Efficiency Label and Standards Program implemented in 1992. 
 
Table 2. Energy End-Use by sector (unit: 1,000 TOE) 
Year Industry Transportation Residential 

1994 59909 23860 28504 
1995 62946 27148 31992 
1996 67869 29792 34511 
1997 77908 30739 36027 
1998 76039 26184 30147 
1999 79858 28625 34884 
2000 83912 30945 35327 
2001 85159 31909 35882 
2002 89198 33763 37489 
2003 90806 34633 38555 
2004 93186 34611 39397 

 
 
 

896



Table 3.  The penetration of main household appliances  (unit/house) 
Year TV Refrigerator Rice 

cooker 
Washing  
Machine 

Fan Air-conditioner 

1993 1.35 1.08 0.85 0.91 1.40 0.09 
1996 1.37 1.05 0.95 0.96 1.35 0.13 
1997 1.37 1.05 0.96 0.95 1.54 0.21 
2000 1.43 1.08 (0.11) 1.01 0.96 1.58 0.29 
2002 1.44 1.05 (0.33) 1.02 0.96 1.61 0.38 
2004 1.45 1.04 (0.48) 1.05 0.96 1.61 0.42 

Note: ( ) in refrigerator is for the kimchi refrigerator 
      Source: “Survey on Electricity Consumption Characteristics of Home Appliances”, KEPCO report, 

Dec. 2004 
 
Table 3 shows that major appliances except air conditioners are already saturated. From a recent 
KEPCO’s report (2004)2 the composition ratio of electrical use of households with such appliances is 
shown in Table 4. It was found that rice cooker was the 6th energy consumed appliance in a house, 
while it was the 4th in 1997. Because the new items such as computer, and kimchi-refrigerator 
became popular for the common house, rice cooker was down to lower rank. But, we recognize that 
rice cooker is one of most energy consuming appliance in our house. Refrigerators are the most 
energy-consuming appliance in the residential house, and second are air-conditioners. Both 
appliances use the vapor-compression cycle system. 
 
Table 4. Composition ratio of electrical use for each appliance (2004) 
Items Composition ratio (%) 
TV 12.4 
Refrigerator 25.7 
Kimchi Refrigerator 10.9 
Washing machine 5.8 
Fan 1.6 
Air-conditioner 19.5 
Iron 2.5 
Computer 7.9 
Rice cooker 7.6 
Micro oven 1.9 
Vacuum cleaner 4.0 

Source: “Survey on Electricity Consumption Characteristics of Home Appliances”, KEPCO report, 
Dec. 2004. 

 
Energy Efficiency Label and Standards Program in Korea 
 
Because Korea has a limited natural resources, together with the aim of saving energy and reducing 
impact on environment, Korean government enacted a new policy for energy saving. Based on the 
Rational Energy Utilization Act, in 1992 the Korean Ministry of Commerce, Industry and Energy 
(MOCIE) mandated energy efficiency labeling for particular types of consumer products. The energy 
efficiency labeling program for particular appliances and lighting equipment has been enforced since 
1992.  
The Korea Energy Management Corporation (KEMCO) formulated the labeling rule for MOCIE, based 
on statistical and engineering analysis of efficiency data provided by manufacturers. In the beginning, 
refrigerators, room air-conditioners, incandescent lamps and fluorescent lamps were included in this 
program. In 2005 we have 16 products in this program:  
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Table 5. Summary of Regulated Products 
Product Description Scope Effective date 
Refrigerators  - Household electric refrigerator and refrigerator-

freezer of storage volume 1000ℓ or less with the 
cooling system of less 500W electric power 
consumption by KS C 9305 
- Monthly electric power consumption shall be 
measured by the test method of KS C 9305 

’92. 9. 1 

Freezer - Household electric freezer of storage volume 80ℓ 
~ 400ℓ 
- Monthly electric power consumption shall be 
measured by the test method of KS C 9305  

’04.10. 1 

Kim-chi Refrigerator - household electric refrigerator of storage volume 
1000 L or less and  Kim-Chi storage compartment 
much than 50% 

’04.10.1 

Room Air conditioner Air-conditioners of rated cooling power 
consumption of not more than  7,500 W and rated 
cooling capacity of not more than 17,500 W 
(except of water cooling, duct-type, portable, multi-
split type) 

’93. 1. 1 

Washing Machine Rated washing load 15kg or less 
(except of  drum type horizontal axis drum clothes 
washers) 

’00. 1. 1 

Horizontal Drum 
washing machine 

Horizontal drum washing machine which are 
defined the household washing machine with the 
rated capacity 13kg or less, and has the heater, 
spin extractor, and dryer.  

’06. 1. 1 

Dishwasher Rated capacity 20 persons or less ’02. 7. 1 
Electrical Cooler and 
Heater for Drinking – 
Water Storage 

rated cooling power consumption of not more than  
500 W and rated heating power consumption of 
not more than  1000 W 

’02. 7. 1 

Rice Cooker Rated capacity 20 persons (3.5 l) or less ’04. 1. 1 
Vacuum Cleaner Vacuum cleaner of rated power consumption of 

800W ~ 1,800W, and shall be moveable  
’04. 10. 1 

Electric Fan By KS C 9301 household electric fan (desktop, 
stand) which have the diameter of wing of 20~40 
cm and the axial single wing run by induction 
motor. 

’06. 1 1 

Incandescent lamps 30W, 60W, 100W (110V, 220V) ’92. 9. 1 
Fluorescent lamps Tubular 20W, 32W, 40W 

Circular 32W, 40W 
Compact type 27W, 36W 

’92.10.1 
 
’04. 1.1  

Fluorescent lamps 
ballasts 

Tubular 20W, 32W, 40W 
Circular 32W, 40W 

’94. 7. 1 

Associated ballasts 60W or less ’99. 7. 1 
Household Gas 
furnace 

Rated Gas consumption 69.5kW or less ’01. 8. 1 

 
Market and Technology 
 
Market 
 
Due to decreasing family size, the rice cooker for 5~6 persons became popular in the market, and the 
electric pressure rice cooker increased rapidly in popularity from the mid-1990’s. Table 6 shows the 
statistics of production and shipments for the last 5 years. In 2004 the production was 4,395,925 units, 
which had increased steadily every year. It was 34.6% bigger than the production of 2000. CAGR of 
production from 2000 to 2004 is 8.64%, which was growing smoothly. Domestic shipments increased 
steadily with 12.2% growth from 2000 to 2004, but export shipments increased dramatically, over 
260% in 4 years. It appears that the domestic market is becoming saturated, so the manufactures 
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tried to find a new market overseas. In Korea we have 5 major manufactures, Cuckoo, Woongjin, 
Novita, Bubang, and Daewoong, together occupying over 80% of market share in Korea. 
 
Table 6. Production and shipments of electric rice cookers, 2000-2004 
Year Production Shipment 
  Growth  Growth Domestic Export 
2000 3,265,714 - 3,271,001 - 2,792,636 478,365 
2001 3,428,282 4.98% 3,385,477 3.5% 2,849,924 535,553 
2002 4,352,915 26.97% 4,330,176 27.90% 3,449,088 881,088 
2003 3,982,956 -8.50% 3,967,450 -8.38% 3,210,168 479,757 
2004 4,395,925 10.37% 4,410,123 11.16% 3,154,628 1,255,495 

 

   
Figure 1. Popular models 
 
Technology 
 
Patent applications for 'Automatic cooking machine’ - also called the multi-play type rice cooker - are 
increasing rapidly. In this design, the whole process is computerized perfectly from the minuteness 
process to the boiling process, and these processes can also be controlled with a wireless device or 
cellular phone remotely from outside. According to the Korean Patent Office, the 44 patent 
applications for ‘automatic cooking machine’ were made in 2000 and that number appears to be 
increasing. In the last 5 years, the number of patents related with the technology of the minuteness 
and the water supply is 35% of the total patent of rice cooker, the technology to be controlled with the 
wireless device or the cellular phone is 23%, the technology of storage is 17%, and the technology of 
cooking mode is 10%. In future, the rice cooker manufactures may develop new products with 
induction heating and artificial intelligence. To personalize the customer’s favorite taste of rice is 
difficult, so manufacturers tried to develop diverse cooking modes. In addition, the applications of 
‘automatic cooking machine’ including remote control are expected to increase if PDA with both 
communication modes (wireless remote and cellular phone) become common. 
The plate heating model occupies less than 20% market share in the domestic market, and the 
market share is expected to decrease in future, while induction heating models became dominant 
starting in 2000. New technical developments to save energy for the plate heating type would be 
difficult, and all manufacturers are likely to invest to develop the new technology for IH type. Figure 1 
shows the popular models recently available in the Korean market.  
 
Energy Test 
 
The energy test standard for rice cooker was developed in 2002 in order to add the electric rice 
cooker to Korean EELSP. The energy test standard is summarized as follows: 
 
Scope 
The standard of rice cooker covers household electric rice cooker and rice warmer with a rated 
voltage 220V, and less than a rated power consumption of 2kW. 
It does not apply to the testing and rating of : 

a) over 20 persons 
b) warmer only 
c) other energy sources 
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Normative reference 
KS A 0006 Standard atmospheric conditions for testing  
KS A 3251-1 Statistical interpretation of data－Part ：Statistical presentation of data 

KS A 0078 Humidity－Measurement methods 
KS A 0511 Temperature measurement-general requirement 
KS A 0801 General rules for determination of thermal efficiency  
KS C 9310 Electric rice－Cookers 
KS C 9312 Rice jars with electric thermal control 
KS G 3602 Household pressure pans and pressure pots 
 

Definitions 
a) Electric Rice cooker 

 Appliance that cooks rice with electric heat automatically, and can make warm. 
b) Electric pressure Rice-cooker 

 Appliance that cooks rice with electric heat at over 0.5 kgf/cm2  
c) Maximum cooking capacity 
 Maximum Capacity that can cook at one time 
d) Cooking capacity for one person : 180 ml (water) 
e) Plate Heating: Plate with electric heater 
f) Rotary type: To cook or be warm using mechanical timer or ON/OFF .   
g) Micro-process method: To cook or be warm using MICOM automatically.   
h) Induction Heating: Magnetic flux generated by high frequency current in coils generates eddy 

current in the surface of the inner pan. Eddy current loss changes to the heat source for inner 
pan. 

i) Main Body: All except top cover and inner pan 
j) Inner pan: Container for rice and water 
k) Whole body: All included, main body, top cover, and inner pan  

 
Classification 
 

Rice cookers are classified according to heating and pressure methods as follows: 
 

Heating method 
a) Plate Heating 
b) Induction Heating  
 
Pressure method 
a) Pressure type 
b) Non-pressure type 

 
Test 
 

Test instruments 
a) Thermometer : Accuracy ±0.5oC, and minimum scale 0.1oC or less 
b) Powermeter : Accuracy ±1% at measuring data, and minimum scale 0.1Wh or less 
c) Weight Scale : minimum scale 0.1g or less 
 

Test condition 
a) Ambient Condition 

20±2.0oC, and 45~75% 
b) Cooking Water 

1) Distilled water or more than 2 hours of the settled service water.  
2) Water volume: 80% of maximum cooking capacity reported by manufacturer 
3) Water temperature : 20±2.0oC at initial condition 
4) Measuring: Use a weight scale and round off to decimals points 
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Test method 
a) A sample shall be put in a rated voltage (220V±2%) and a rated frequency (60Hz ±1%), and 

turn on a switch of cooking mode or a mode which manufacturer presents to heat a rice-
cooker. After 240s (4 min), cut off power. For 4 min the electric power consumption shall be 
measured.  

b) For induction heater rice-cooker, open a top cover immediately after 240s, and measure the 
temperature at a center of water in inner pan after stirring the water for 20s to mix well. For 
heating plate rice-cooker, open a top cover after the temperature of water in inner pan 
approaches the highest point, and measure the temperature at a center of water after stirring 
water in inner pan for 20s to mix well. 

c) Calculate the temperature difference (∆T) between an initial temperature (T1) and a final 
temperature (T2). 

d) Test shall be done 4 times with the same procedure, and take the average data except the 
first test result, and all data shall be within ±10% of the average data. Every test shall be done 
enough time to be at equilibrium (about 12 hour) between an inner pan and the ambient 
temperature. (One test per day is recommended.) 
 

Calculation of Energy Efficiency 
 

a) All results shall be filled out as in the following table. 
 

Weight of Inner pan 
No. of  
Sample 

No. of 
Test T1(℃) T2(℃) ∆T(℃) 

T2-T1 
Water 
Q(g) 

Electric 
power 
Consumption 
Ec (Wh) 

Al  
weight(g) 
Wg1 

STS 
weight(g) 
Wg2 

1               
2               
3               
4               

1 

Average               
1               
2               
3               
4               

2 

Average               
Average               

              Note: If an inner pan is made of two materials, Aluminum(Al) and Stainless steel(STS),  
both weights should be noted from manufacturer.  

 
b) Two samples each test 
c) Determination of Energy Efficiency  

 

Energy Efficiency (%) = 
( ) ( )[ ]

360024.0
1002211

××
××+×+×∆

=
Ec

CPWgCPWgQT
Input

Output
 

 
Where, Q : Water weight (g) 
        Wg1 : Inner pan weight (g), Al 

Wg2 : Inner pan weight (g), Stainless 
CP1 : 0.22 kJ/kg K, specific heat of Al 
CP2 : 0.12 kJ/kg K, specific heat of STS 
T1 : initial water temperature in an inner pan, (℃) 

T2 : final water temperature in an inner pan, (℃) 
Ec : Electric power consumption, (Wh) 
3600 : second, 1 hour  
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Naming 
Naming is as follows, but only, Induction heating calls as 'IH' . 

 
Example 1.  10 capacities of electric rice-cooker (1.8L) 
Example 1.  10 capacities of electric pressure rice-cooker (1.8L) 
Example 1.  10 capacities of IH rice-cooker (1.8L) 
Example 1.  10 capacities of IH electric pressure rice-cooker (1.8L)  
 

MEPS and Rating 
 

MEPS and Effective date of MEPS 
MEPS and effective date of electric rice cooker is as follows ; 

 (unit : % ) 
MEPS   Type  
From 1st of Jan., 2004 

Non-Pressure 78.0 Plate Heating Pressure 78.0 
Non-Pressure 80.0 Induction Heating 
Pressure 78.0 

 
Energy Efficiency Label 

                            
(a) Plate heating or Pressure type           (b) Non Pressure or inducting heating type 
Figure 2. Energy Efficiency Label 
 
Registered Data  
 
Data are available for the 1147 registered models for 2 years from 2004 to 2005, 1001 models in 
2004, and only 146 models were registered in 2005 for MEPS. All registered data were coming 
from the authorized testing laboratory, accredited by “National Standard Law Article 23”. Figure 3 
shows the average efficiency for 2 years. We can find that the average efficiency in 2004 is 85.5%, 
and 84.4% in 2005, the total average efficiency is 85.4% for 2 years. The registered number of 
2004 is much bigger than 2005, because EELSP is a mandatory program and all models were 
registered in the program when it started.  Only new models were added in 2005. 

Figure 3. Averaged Energy Efficiency of rice cooker 
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Conclusion 
 
New Item in EELSP : In 1997 a report of the annual energy consumption in a house showed a very 
interesting result, namely that the electrical heating rice cooker was the 4th energy consuming 
household appliance, using 11.5% of all electric energy consumption in a house. And, in a report of 
2004 it was the 6th rank. The Korean government recognized that rice cookers are one of most energy 
consuming appliances, so specified a new test method to measure electric energy consumption for rice 
cookers in 2002, introduced this to EELSP in 2004 and regulated the MEPS level in order to 
encourage development of new.  
 
MEPS level : The mandatory energy performance level of rice cookers is as follows: 
 

Type  MEPS From 1st of Jan., 2004 
Non-Pressure 78.0% 

Plate Heating Pressure 78.0% 
Non-Pressure 80.0% Induction Heating Pressure 78.0% 

 
Registered Data : Data are available for 1147 models for 2 years from 2004 to 2005, including 1001 
models in 2004, and only 146 new models in 2005 registered for MEPS. The average efficiency in 
2004 is 85.5%, and 84.4% in 2005, the total average efficiency is 85.4% for 2 years. 
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Energy Label for Coffee Machines 
 
Jürg Nipkow; Eric Bush 
 
Swiss agency for efficient energy use S.A.F.E. 
 
 
Abstract  
Espresso machines and other household coffee machines account for a significant proportion of the 
electricity consumption in more and more European households. The evaluation of a number of 
measurements reveals that - if not switched off after use – they may consume up to 300 kWh p.a. 
There are large saving potentials by switching off the heating device automatically and by improving 
thermal insulation. Therefore an energy label for coffee machines would be appropriate and would 
give incentives to trade and industry to develop and offer energy-efficient coffee machines. The 
electricity consumption of electric ovens in the range of 100 kWh p.a. already has to be declared in 
the EU in the form of an energy label. S.A.F.E. and www.topten.ch are working on measurement 
methods and usage patterns as a basis for an energy declaration model and a possible energy label 
(A to G classification). The measurement procedure may be relatively simple as only the stand-by and 
re-heating modes have to be measured. The usage pattern – e.g. hours of keeping warm per day and 
year – has to consider all types of machines and properties of the automatic switch-off function. 
Energy consumption might be integrated into the IEC 60661 standard, "Methods for measuring the 
performance of electric household coffee makers" (2006-02), where it is mentioned very briefly at 
present. Clearly defined measuring methods and usage patterns are necessary for comparing the 
energy efficiency of coffee machines. 
 
 
Introduction 
 
Sales of espresso machines are growing constantly in Switzerland. A survey in 2002 revealed that 
64% of the involved 1130 households had at least one coffee machine in use. Fully automatic 
espresso machines represented 45% of the sample while filter machines were less important with 
17%. Calculation of electricity consumption by typical appliance properties and a standard usage 
verified the importance of these appliances in household electricity consumption; it exceeds the 
consumption of electric ovens. Considering the large saving potentials by switching off the heating 
device automatically and by improving thermal insulation, an energy label as the A to G classification 
of the European Union would give an incentive to manufacturers to improve energy efficiency of their 
products. The magnitude of the energy saving potential of an efficient versus a typical espresso 
machine is about 100 kWh p.a.. For the Swiss situation this represents about 3% of a typical 
household consumption and some 0.3% of the country electricity consumption.  
Espresso machines seem to become more popular in other European countries as well, but we did 
not investigate on the situation in other countries so far. The mentioned energy saving potentials 
apply also to other types of coffee machines with keeping hot functions, as the "keeping hot" energy 
consumption exceeds the consumption for coffee production by far. Therefore we are convinced that 
an energy label for coffee machines would be of high interest for most European countries. 
Other policy opportunities such as a Code of Conduct relating to auto-off functions or to stand-by 
wattage would yield minor effects. Minimum Efficiency Performance Standards MEPS might be 
another option, but given the very broad range of products and functions, realisation would be difficult. 
A large span between best and worst products – larger than many labelled appliances! – supports an 
A to G label. An important additional advantage is the incentive to manufacturers to reach class A. 
This paper suggests a measuring method and a standard usage as a basis for an A to G energy label. 
Both measuring mehod and standard usage have been tested by S.A.F.E. and www.topten.ch [1]. 
 
 
 
 
 
 
 

905



Appliance categories and functions 
 
Table 1: Types of coffee machines, price range and energy properties 
Type of machine Price range 

(Euros) 
Approx. mean keeping 
hot consumption (watts) 

Efficiency measures 

Filter machines 20…60 40 Automatic switch-off,  
timer 

Manual espresso machines 
with coffee holders, for 
households 

130…300 20…60 Automatic switch-off,  
timer, heat insulation 

Fully automatic espresso 
machines, for households 

400…1,300 30…60 Automatic switch-off,  
timer, heat insulation 

Espresso machines, capsule 
systems, for households 

130…700 20…60 Automatic switch-off, 
timer, heat insulation 

Hot beverage machines, 
capsule systems 

130…1,500 30…60 Automatic switch-off, 
timer, heat insulation 

Semi-professional, fully 
automatic espresso machines 
(high capacity) 

1,300…3,000 40…100 Automatic switch-off, 
timer, heat insulation 

Commercial espresso 
machines (very high capacity) 

3,000…15,000 100… (Not included in study) 

The categories listed in table 1 correspond to the Swiss market 2005 and may be different for other countries. 

Functions 
 
By means of numerous analyses and measurements that were commenced in 2002/3 within the 
scope of the “Stand-by consumption of household appliances” research project [2], the functions of 
the various types of coffee machines were studied from the point of view of energy consumption, and 
measurements were carried out in order to identify typical consumption characteristics. It was found 
that all appliances have one thing in common: the need to keep the machine hot in order to permit 
immediate production of coffee accounts for the greatest proportion of overall energy consumption. 
This applies even with energy-conscious behaviour (e.g. switching the machine off after coffee 
breaks) or automatic switch-off function. 
A fully automatic espresso machine for coffee beans functions roughly as follows (and the way in 
which simpler machines function can be derived from this description): 
• After the machine has been switched on, the boiler is heated up to between 90° and 94° C, 

which is the ideal temperature for brewing coffee/espresso. When the heating function initially 
switches off, this normally indicates that the machine is ready for use, even if heating 
continues after a pause. 

• Many machines carry out an automatic or programmable rinse cycle when they are switched 
on, i.e. a small quantity of hot water without coffee is pumped out. This clears the spout(s) 
and removes any residual material that may have been deposited. 

• When a product is selected, the coffee is ground (or a portion is removed from the coffee 
container), and is then fed into the brewing device and pressed. This step is not required in 
the case of capsule machines. When the capsule holder is closed, small holes are punched 
into the capsule to allow intake of water and outflow of coffee. 

• Hot water is pumped out of the tank – in espresso machines, with approximately 15 bar, – 
through the coffee powder and into the cup(s). Depending on the quality of the machine, the 
required quantity of water for the selected product is controlled by a flow meter or timer. 

• The coffee grounds are removed from the brewing device and deposited in a container ready 
for disposal. 

• Some machines also carry out another rinse cycle at this stage. 
• During the coffee production stage, the machine re-heats as necessary, after which it again 

indicates that it is ready for use. 
In the event of any errors (e.g. no water), the machine’s electronic control system has to stop the 
process by means of sensors and logical circuits, indicate the fault and ensure the safety of the 
appliance. 
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Operating modes and energy consumption 
 
Operating modes (for household coffee machines) can be described as follows on the basis of mean 
power consumption: 
Mode, purpose Mean power consumption 
Off (display off, but machine still connected to mains) 0 to 4 watts 

Stand-by (electronics and display active) 2 to 7 watts 

Ready for use (kept hot for immediate production) 20 to 60 watts 

Coffee production (water heater switched on) 500 to 1,600 watts 

It is not easy to measure the energy consumption per cup of coffee, since the water temperature is 
controlled and heating up does not necessarily take place at the same time as the coffee is 
dispensed. Some machines can produce one cup of espresso without switching the heater on (this 
only occurs afterwards). However, we can calculate the theoretical energy consumption for 1 cup 
using the quantity of water and temperature difference, while disregarding the consumption by the 
pump. For 70 K temperature difference and 70% efficiency (assumption), the results are as follows: 
Espresso, 35 ml (cf. IEC 60661, 2006-02 [3]) 4.1 Wh 

Coffee / cappuccino, 125 ml 14.5 Wh 

 
Automatic switch-off 
 
Almost all modern coffee machines are equipped with an electronic device that controls water and 
brewing temperatures (more accurately than thermostats), offers the selection of different types of 
coffee (espresso, cappuccino, etc.) and indicates status and function via LEDs or text displays. 
Electronics can also be used to save energy if the control device includes an automatic switch-off 
function or a timer (programmable on/off times).  
For energy-efficient operation, a practical solution is an automatic switch-off function which can be 
programmed, e.g. in half-hour intervals, . Unfortunately, factory settings are often 4 or more hours, 
and thus too long for households, where coffee breaks do not usually last more than 2 hours (the 
automatic switch-off delay is only intended to  keep the ready-state until the next coffee production). 
Whether a timer function (i.e. programmable switch-off time) saves energy depends on the behaviour 
of the user: if coffee breaks are always taken at the same time, programming is easier and saves 
unnecessary energy consumption in ready mode, but it is of little use if coffee is made at irregular 
intervals.  
It is interesting to note that modern coffee machines have high connection capacities and thus short 
heat-up times, usually 1 to 1.5 minutes (and even less if the machine is still warm from previous use). 
This heat-up time is acceptable for every user. And if the machine has a pre-rinse function, the output 
unit – and if it has been placed under the spout beforehand, the cup too - is also preheated. For 
household use, such machines do not require a hotplate for preheating cups, which could also be 
used as an argument against the use of an automatic switch-off function.  
 
Measurement methodology 
 
The measurement methodology encompasses the following operating modes: off, stand-by (without 
keeping hot) and ready (with heating for immediate coffee production). For measurement in ready 
mode, one heat-up cycle from cold is also taken into account. Coffee production itself is not 
measured. A detailed measurement report form is given in table 2. 
 
Measuring equipment 
 
• Power and energy meter for 230 V: 

Energy level response 1 Wh, output 0.1 W, response level approx. 2 VA. 
(Energy level response 0.1 Wh to measure stand-by consumption by Watthours) 
Energy accuracy: 2% (category 2) at least. 

• Thermometer, permissible deviation at 20° C:  +/- 0.5° C. 
• Clock with seconds indicator. 
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Due to temperature control, consumption in ready mode only depends to a minor extent on the supply 
voltage. It is therefore not essential to maintain constant voltage, although a tolerance of ± 2% might 
be required to comply with other energy label measurement standards.  
 
Procedure 
 
Preparations 
The required ambient temperature is 22° to 24° C, which also applies to the water in the tank (max. 
fill-up quantity). This is in accordance with other household appliances testing standards. 
Coffee does not have to be used for measurement purposes, but with manual appliances the coffee 
holder has to be used. 
Automatic switch-off: programmable delay times should be noted. Identify and note factory setting in 
programme mode. For measurement purposes, minimum setting should be 2.25 hours. 
 

 
Figure 1:   Measuring campaign S.A.F.E. 2003 
 
Measuring consumption in off and stand-by modes 
If figures are difficult to read due to fluctuations, the difference on the energy display can be converted 
into watts during a period of at least 1 hour (with response = 0.1 Wh). 
Measuring energy consumption in ready mode 
The machine must remain in stand-by mode for at least 6 hours in order to ensure that it has cooled 
sufficiently. 
For measurement purposes, the machine has to be activated, e.g. by pressing a key, so that it 
switches to ready mode. No coffee (water) output! If the machine has a switchable rinse function, this 
may be switched off for measurement purposes. Consumption in ready mode is measured for at least 
2 hours, during which time the machine must not be allowed to return to stand-by mode (automatic 
switch-off setting). If necessary, deviations (e.g. with electromechanical thermostats) of up to 5 
minutes may be adjusted linearly. This is also necessary if it is only possible to set automatic switch-
off times shorter than 2 hours. In this case, precise times in seconds must be recorded. 
For machines without an automatic switch-off function, the energy consumption after 1 and 2 hours 
should be recorded (indicating exact times) in order to measure the mean consumption in ready mode 
when the machine is in heated status (i.e. without heating-up energy). 
For coffee machines with a switchable hot plate (operating instructions!), the energy consumption may 
also be declared using this option. 
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Table 2: Report form for measurements 

Measurement report, coffee machine: 

 Location  
 Date  
 Name of person carrying out measurement  
 Measuring device used (brand, type)  
1  Rating plate / specifications: 

Make, model, year of manufacture 

Capacity as per rating plate 

Automatic switch-off: 
Programmable parameters from / to 

Programmable intervals 

Factory settings 

 
 

W or kW 

2a 

 

b 

 

Consumption in off mode 

Minimum / maximum  

Consumption in stand-by mode 

Minimum / maximum  

W 

 

W 

3a Ambient temperature 0.5 metres laterally from appliance ° C 

3b, 
 

c 
 

d 

Energy reading at start 
Precise time (hh:mm:ss) 

Energy reading in ready mode (after 1 hr) 
Precise time (hh:mm:ss) 

Energy reading after 2 hrs 
Precise time (hh:mm:ss) 

Ambient temperature after 2 hrs 

Wh 
 

Wh 
 

Wh 
 

° C 

Figures for W and ° C to be shown to 1 decimal place 

 
Table 3:   Results from the measurement report  
2a Consumption in off mode Poff W 
2b Consumption in stand-by mode Pstb W 
3d * Energy in ready mode, 2 hours, including heat-up E2h-ready Wh 
3(d – c) * Energy for re-heating device, 1 hour, excluding heat-up E1h-Wh Wh 

* linearised if necessary and (d – c) calculated  
 
Energy consumption per annum 
 
In the same way as for all devices and appliances with different modes and usages, the annual 
energy consumption has to be determined for uniform – i.e. standard – usage. To date, no standard 
usage has been defined for coffee machines. However, we do possess information about the use of 
coffee machines in Switzerland. In 2002, within the scope of a research project “Stand-by 
consumption of household appliances” [2], S.A.F.E. conducted a representative survey in the 
German-speaking and French-speaking areas of the country concerning ownership and usage of 
coffee machines [2, 4]. The following three important findings were obtained with respect to energy 
consumption and the definition of standard usage:  
• The number of cups of coffee consumed per day resulted in a weighted average of 6.3, which 

(taking holidays into account) translates into approximately 2,000 cups p.a. 
• The participants in the survey stated that they were highly energy-conscious within their 

household: a majority of them said they switch off their coffee machine after each use, while 
15% switch it off after their coffee break and 15% at night.    
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• There is a surprisingly high frequency of household coffee machines in offices: almost two-
thirds of gainfully-employed participants stated they have a (household) coffee machine at 
their disposal at work. Slightly less than half of these are switched off in the evening, and this 
indicates a very high savings potential for automatic switch-off function.  

 
Standard usage 
 
The electricity consumption of household coffee machines is calculated on the basis of the following 
criteria, which represent typical user behaviour in Switzerland. These criteria are also used for 
calculating consumption levels for inclusion in the tables published by topten.ch (www.topten.ch).  
Criteria for ready mode with economically configured automatic switch-off function: 
Length of period of use (coffee break) 1 hour 
Setting for switch-off delay  1 hour 
 = 2 hours ready mode per period of use 
Periods of use: 2 per day, 52 full (7-day) weeks a year 730 p.a. 
 Total usage in ready mode = 730 * 2   = 1,460 hrs p.a. 
If the machine is never completely switched off, total stand-by time is 8,760 – 1,460 =  7,300 hrs p.a. 
 
If the machine does not have an automatic switch-off or timer function, a less economical user 
behaviour is assumed, with 12 hours daily use in ready mode (switched off at night, 1 heat-up process 
per day):     
 Total hours in ready mode without automatic switch-off = 365 * 12    =   4,380 hrs p.a. 
 Corresponding off time = 8,760 - 4,380 = 4,380 hrs p.a. 
 
For coffee production, a theoretical figure is applied and no measurement is carried out since the 
related consumption is of secondary importance: 
Theoretical consumption at 70% efficiency (see above):  
Espresso, 35 ml 4.1 Wh 
Coffee / cappuccino, 125 ml 14.5 Wh 
For standard usage:  
Mean energy per cup of coffee (energy_cup) 10.0  Wh 
Annual coffee production energy for 2,000 cups 20   kWh 
 
Resulting standard energy consumption for 1 year 
A. With automatic switch-off function 
730 * energy for ready mode-2hrs  +  7,300 * stand-by consumption  +  2,000 * energy_cup 
Etot Ao  =  (730 * E2h-ready  +  7300 * Pstb )/ 1000     + 20             in kWh 
B. Without automatic switch-off function 
365 * (energy for ready mode_2hrs  +  10 * energy for re-heating device_1hr)    
 +  4,380 * off consumption  +  2,000 * energy_cup 
Etot 0  =  (365 * (E2h-ready  +  10 * E1h-Wh )  +  4,380 * Poff )/ 1,000     + 20             in kWh 
Examples with typical measurement readings 
With automatic switch-off:  Etot Ao  =  (730 * 90 + 7300 * 4)/ 1,000   + 20    = 114.9   kWh 
Without autom. switch-off: Etot 0  =  (365 * (90 + 10 * 35 ) + 4,380 * 1.5)/ 1,000  + 20   = 187.2   kWh 
 
Criteria for an energy label 
 
To judge whether an energy label is reasonable, the energy consumption of coffee machines is 
compared with that of other appliances that have already to be declared using an energy label: 
• Oven class A   

Annual electricity consumption in household, 150 baking/roasting cycles   100  kWh 
• Refrigerator/freezer, 225 litres, no freezer compartment, class A+ 131  kWh 
 
The energy consumption of coffee machines is thus comparable. In contrast to many "white" 
appliances – e.g. ovens, dishwashers, washing machines etc. – there is a large span between best 
and worst coffee machines (cf. table 2, fig. 4), what speaks in favour of an A to G label. This type of 
label gives incentive to manufacturers to reach class A. 
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Guidelines for ratings for an energy label can be deduced from the findings of earlier measurements 
for household coffee machines, as listed in table 4.  
 
Table 4: Examples of electricity consumption of coffee machines; extremes for classification 
purposes 
 Ready mode, 

2 hrs, incl. 
heat-up, Wh 

Ready mode, 
mean con-
sumption, W 

Standby, 
W 

Off, W 2,000 
cups, 
Wh 

Total, 
kWh 

Minimum 50  20 2 0   
Maximum 140 60 5 3   
       

  Wh Wh Wh   
With automatic switch-
off, standard usage, 
minimum 

36,500  14,600  20,000 71.1 

Maximum 102,200  36,500  20,000 158.7 
Without automatic 
switch-off, standard 
usage (re-heating 12 
hrs p. day, minimum 

18,250 73,000  0 20,000 111.3 

Maximum 51,100 219,000  13,140 20,000 303.2 
S.A.F.E. measurements 2002…2005 

Based on the stated assumptions, the most efficient coffee machine consumes 71 kWh p.a. This level 
could be brought down further if stand-by consumption were to be reduced: with 0.5 instead of 2 W, 
the consumption level would be 60 kWh p.a. Insulation of the boiler represents another efficiency 
potential.  

 
Figure 2: Energy consumption of coffee machines at standard usage and possible energy label 
scheme 
 
The threshold level for category A could therefore be defined as 60 kWh p.a., or 70...80 kWh p.a. if 
category A appliances should already be available on the market (Fig. 2). The upper threshold 
between categories F and G can, for example, be defined as double the threshold for category A (120 
or 140...160 kWh p.a.). Machines without automatic switch-off do not necessarily have to be classified 
in categories F/G, if they have low mean "ready" power consumption. It appears less useful to specify 
a mean level on the market as D, as originally foreseen for household appliances in EU directive 
92/75/EWG. The resulting mean level would be too high because of the large share of appliances 
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without auto-off function. An A to G energy label might of course comprise further information as 
annual consumption and stand-by wattage. 
 
Conclusions 
 
In most households, coffee machines account for more electricity consumption than an energy-label 
class A oven or a class A+ refrigerator. Regarding the great differences between products and the 
high saving potentials by known simple technologies as an auto-off switching function, an energy-
label for coffee machines would be a very effective measure to arise efficiency of coffee machines. A 
measurement methodology and a standard usage pattern are suggested and might be incorporated 
into the IEC 60661 standard and a labelling directive, respectively. 
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A EUP Directive Approach in the Design of Energy-Saving 
Components for Cooking Appliances 
 
Luca Salvi 
 
SABAF SpA 
 
 
Energy savings in production of gas valves and in use of gas burners 
New SABAF SERIES III gas burners for domestic cooking appliances have 67% average efficiency, a 
20% improvement on the previous generation. This would permit to save millions of tons of carbon 
emissions and it widens the gap in terms of carbon intensity of delivered energy of gas cooking when 
compared with electric cooking. Taking into account European installed gas cooking appliances, 
switching to new SERIES III burners would allow 260 million m3 of gas savings. 
The new design of these burners allow also consistent saving of energy spent in production thanks to 
reduced thickness of enameled steel lids (from 4 to 1,5mm) 
New SABAF LIGHT ALUMINIUM ALLOY gas taps allow  28% reduction of the energy spent in 
production thanks to increased machine productivity, if ROHS would allow the use of an alloy with 
1,5% lead, that offers a 1/18 reduction of lead in the valve. Unfortunately, ROHS requires to use 0,4% 
alu alloys, (=1/31 lead content of brass), that require by contrast 25% added energy for production, 
reducing to nearly zero energy and cost benefits. 
It should be preferred to save 28% energy in production, with 0,102 grams of lead per valve more (4 
tons per year with 40m valves manufactured)? 
This should be the aim of EUP directive, a more complete environmental impact analysis than the 
ROHS directive. Introducing a label on surface cooking, with common parameters for electric and gas 
cooking, is also very much required. 
 
SABAF and the environment 
Environment and resources protection are for SABAF a strategic commitment. 
For this reason SABAF decided to implement and maintain a System of Environmental Management, 
compliant with ISO 14001 standard, that, integrated with Quality, Health and Safety Management 
Systems, contributes as an effective instrument for achieving a constant reduction of the 
environmental impact of the processes and products manufactured. 
 
Commitments: 

• Management of production processes to minimize direct and indirect environmental impacts 
• Development and diffusion of eco-compatible technologies and products 
• Training employees with the aim to increase their awareness about environmental impacts of 

their daily activities, while encouraging to act always with respect to environment, and 
contribute to the achievement of company’s goals. 

• Commitment to supply local authorities with all necessary information to understand 
environmental risks related with the company’s activity 

 
Corporate Social Responsibility and EUP Directive 
Well before the publication of the EUP directive framework y in the Official Journal of the EU 
Parliament on July 22, 2005, SABAF adopted as a strategy to focus the research and development, 
both on processes and products, on the eco-design issues, minimizing energy used in production and 
energy used by products during their working lifes. 
This strategic commitment was adopted taking into consideration that energy and environment will be 
the key factors in the next future, with energy costs that we believe will never come back to less than 
10$/oil barrel as in the early nineties. Obviously, the “energy” argument must be taken in its widest 
meaning, including also raw materials that are very much dependent from energy costs such as 
copper, zinc, aluminum and steel. Therefore, minimizing the raw material used in production, and the 
recycling of the scrap resulting from machining processes, is also a key strategic factor. 
 
Sustainable growth, not charity. Business continuity, not marketing. 
The deep meaning of the strategic decisions taken at SABAF in the past few years have to be found 
in the desire of the shareholders of the company to ensure safe business continuity to the company, 
through adding value to the product with research and development in the directions set above, and 
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to the company by adopting the most severe corporate governance1. As an example, the board of 
advisors includes a majority of independent members, coming from Universities, Institutions and 
Manufacturers’ Associations2, and it has been the first in the Italian Stock Exchange. 
 
Two examples of EUP-approach in the design of products: the new SERIES III 
BURNERS and the new LIGHT ALUMINUM ALLOY GAS TAPS 
 
The development of these new products lines started in 2002, soon after the company moved from 
the old Lumezzane headquarters to the new Ospitaletto plant, based on 100,000sq.m. available area 
(60,000 covered). 
 
New gas valves made with aluminum light alloy (extruded bar) 
After producing for more than half a century taps and thermostats made in brass, and after developing 
in-house the most automated possible machines for production (20 pcs/minute productivity in 
machining brass bodies of valves, 60 pcs/minute machining speed of brass plugs) SABAF decided to 
develop a new range of valves, from scratch. All possible materials were analyzed in order to find the 
best equilibrium between functional minimum parameters (resistance to 130 degrees, isotropic 
material, machining speed, energy needed, maximum leakage admitted 10cc/hour even after 40.000 
cycles with maximum maneuvering torque = 0,4Nm, etc) and the extruded aluminum alloy coded 
“2030”3 was found as optimal. Machining speed allowed to machine 40 bodies/minute with a 28% 
energy saving compared with brass valves. As aluminum has a specific weight 1/3 of brass 
(2,8kg/dm3 against 8,5kg/dm3), it was easy to evaluate also the importance of this significant weight 
reduction also in shipments and materials in-house logistics. 
Unfortunately, lead content of this alloy is 0,8% – 1,5% and RohS directive prescribes maximum 0,4% 
lead content in parts for electric appliances, and after some doubts it has been clarified that also gas 
cooking products, even without any electrical apparatus in the appliance, are to be considered in the 
scope of the directive. 
Therefore SABAF had to switch to a new alloy, called “2015”, with more or less the same composition 
apart from lead content <0,2% (half of the RohS limit set at <0,4%). Unfortunately, this alloy, when 
tested with high-speed machining tools (needed to achieve the productivity at 40 pcs/min – 20pcs/min 
with double cycle - in the machining of the body that was one of the project targets), proved to have a 
completely different behavior than the alloy 2030. 
In fact, with the alloy 2015 the scrap resulting from machining was much bigger than the scrap 
resulting from machining the alloy 2030, with the consequence of a quick filling of the transfer 
machine with aluminum long scrap parts not broken in small pieces as it happens with the 2030 alloy. 
This creates the need of an added scrap-braking machine that uses nearly all the energy saved 
thanks to the increase productivity with 40 pcs/min against 20 pcs/min with brass. In other words, the 
alloy 2015 RohS-compliant destroys nearly all the cost benefits of using aluminum instead of brass, 
albeit saving 0,1 grams of lead per valve with respect to a valve made with alloy 2030. 
At this point, it is important to evaluate in absolute terms the content of lead per valve in the three 
cases: brass, alu alloy 2030, alu alloy 2015: 
 
ALLOY ROHS MAX 

LEAD 
CONT
ENT %

SPECIF
IC 
GRAVIT
Y 

LEAD 
CONTENT 
PER 
VALVE IN 
GR 

MAX 
PRODUCTIVIT
Y (machining 
of body of 
valve) 

ENERGY 
SPENT IN 
PRODUCTIO
N 

BRASS OT58 UNI 
5705 

COMPLI
ANT 

4% 8,5kg/d
m3 

1,4 20 pcs/min 100% 

ALUMINIUM ALLOY 
2030 

NOT 
COMPLI
ANT 

1,5% 2,8kg/d
m3 

0,15 40 pcs/min 72% 

ALUMINIUM ALLOY 
2015 

COMPLI
ANT 

0,2% 2,8kg/d
m3 

0,034 20 pcs/min 90% 

                                                      
1 For more news on SABAF corporate governance statements and regulations, see 
http://www.sabaf.it/english/Company/Stock_Exchange/Corporate/corporate.html  
2 For the list of directors see 
http://www.sabaf.it/english/Company/Stock_Exchange/Corporate/The_Board_of_Directors/the_board_of_directors.html  
3 Characteristics: http://www.eural.com/2030ita.htm 
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Now, taking into account an estimated production of 40 million valves per year in Europe, the total 
lead content would be as follows: 
 
ALLOY LEAD 

CONTENT 
PER VALVE 
IN GR 

ANNUAL 
PRODUCTION 
EU 

TOTAL LEAD IN REF TO 
BRASS 

BRASS OT58 
UNI 5705 

1,4 40M 56TON 100% 

ALUMINIUM 
ALLOY 2030 

0,15 40M 6TON 10,7% 

ALUMINIUM 
ALLOY 2015 

0,034 40M 1,36TON 2,43% 

 
It seems evident that saving 4,64 TONS per year of lead, if not properly recycled, means significant 
losses in terms of energy spending. 
SABAF reacted with a request of exemption from the requirements of article 4 (1) of directive 
2002/95/EC4. To this request, a major player of appliance industry replied that there are already 
valves made with 2015 alloy, ROHS-compliant proving that is technically feasible. But SABAF did not 
want to contest the technical feasibility of valves with the 2015 alloy, but the fact that with 2030 alloy 
and 1,5% lead content, the final result in terms of lead content is only slightly higher, but with 
significant savings in terms of energy expenditures in production, and therefore the total balance of 
hazardous materials, taking into account the ones coming from energy production, is in favour of the 
alloy 2030. This, obviously, taking into account state-of-the-art machining techniques and machinery 
and the highest possible productivity in both cases. 
In a tentative EUP ECO-REPORT included in his presentation at a recent conference in Milan5, Mr 
Kemna of Van Holstein Kemna pointed out the environmental pollution deriving from energy 
production in Europe6. For every kWh used, as an average 31 liter of water are used for cooling 
turbines in electricity production, 0,27 grams of hazardous waste and 13,6 grams of non-hazardous 
waste are produced, 0,5kgCO2 equivalent is the Global Warming Potential index, etceteras. 
It is clear from this analysis that the approach of the EUP directive is much more complete and 
effective than the ROHS approach, as it seems that at least in the case of gas valves for domestic 
appliances the total balance obtainable with the aluminum alloy 2030 is preferable for the 
environment than the result obtained by using the alloy 2015, thanks to the much lower energy 
consumption. 
But the biggest problem posed by the RohS limits will be the price of the valves. With the aluminum 
alloy 2030, thanks to lower energy consumption and bigger productivity, it was possible to reduce 
production costs by 15%, while with the alloy 2015 the reduction is much less significant. Therefore 
the risk of little success of these valves on the market and (as a consequence) the presence for many 
years more of brass valves (still permitted by ROHS with 4% of lead and with a gravity three times 
aluminum) with much more lead and much more energy consumption. 
It would make much more sense to use in the ROHS directive a maximum admitted level of 
hazardous materials using VOLUME rather than WEIGHT. It is evident that a certain product that can 
be produced both in brass and aluminum, will have more or less the same volume but very different 
weights, and that is would be preferable, in any case, to have a valve made with aluminum and 4% 
lead than the same valve in brass with 4% lead: as specific weight of aluminum is roughly 1/3 of 
brass, this 4% would turn automatically to 1,3%. 
 
BURNERS SERIES III 
After 7 years of successful sales of the burners SERIES II (from zero to 20 million pieces 
manufactured in 2003), SABAF started the development of a new generation of burners, with two 
main project targets: to have a range with the maximum efficiency possible and to minimize the 
differences needed to adapt burners from EU standard to AGA/CSA standards (US standards). 
Considering the fact that within US standards, efficiency is not calculated, it was quite an ambitious 

                                                      
4 http://forum.europa.eu.int/irc/DownLoad/kwecA8JEmWGIXkJ3D3oIMeMf6x9OZGnBoy9LoIc4KBSGUpTq1YUaO-
0H8WVHgZtIYyhSDPBFYFHj1dPI/SABAF.pdf  
5 “ENERGY AND CARBON SAVING IN COOKING”, Milan March 30th 2006 
6 “Eco-design for Energy-using Products: Methodology and Possible Implications for the Cooking Sector” -  René Kemna – Van 
Holstein Kemna - “ http://www.sabaf.it/download/RKemmar.pdf   ” 
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target. Obviously, also a cost target was set: maximum 10% more than SERIES II burners, calculated 
with similar quantities in production. Again, it was implicit that the new burner should have to work 
with primary air intake from above, radial Venturi and similar flexibility in terms of aesthetical variants 
as the SERIES II. 
The result of a substantial increase in efficiency was obtained thanks to a very different design of the 
burner, that present inclined flames and a domed lid much thinner than the SERIES II lids (1,5mm 
instead of 4mm). Rigidity of the lid was ensured y the domed shape, while the flat shape of lids 
SERIES II made necessary to use 4mm thickness, as temperature reached by the lid during 
combustion is 650 C° plus, and at this temperature a thinner lid tend to bend, if flat, and the 
combustion parameters (production of CO) go out of international standards’ limits7. 
Moreover, enameling a lid made with 1,5mm steel is much easier and less energy-intensive, as on the 
market it is possible to find steel sheet de-carbonated and ready for enameling, while the 4mm sheet 
is partially de-carbonated and the residual carbon included in the alloy tends to react with the iron 
oxides of enamel (needed to attach the enamel to the steel of the lid) and create aesthetical defects. 
An efficiency of 65% has been achieved, against a minimum 52% required by EU standards and an 
average 56% of SERIES II burners. In other terms, 25% more than minimum required by standard 
and 16% more than SERIES II burners. 
 
The effects in terms of carbon emissions 
We can compare the difference in carbon emissions between Series II and Series III SABAF burners. 
Taking into consideration the different efficiency, and a similar consumption pattern8, with SERIES III 
burners sold in the same number of Series II (21 million burners in 2004), the saving would be around 
260 million m3 of gas in one year, the consumption of a city like Milan. If ALL burners equipping ALL 
appliances sold in EU would be with efficiency like SERIES III, the saving would be more than double 
=approx 420 million m3). 
With this kind of reduced consumption with 21 million SERIES III sold in the place of 21 million of 
SERIES II, the net effect would include savings of 2,2 million m3 of CO /year and 260 million m3 C02 
/year. Again, this calculation is based only on the change SABAF SERIES III / SERIES II. A complete 
switch of ALL burners sod in EU in one year (the SABAF market share with direct sales is around 
45%, but every year many million burners more are made with the same working principle patented by 
SABAF in 1981 and expired in 2001), would probably double these figures to 4,5million m3 for CO 
and 550 million m3 for CO2. 
 
The EU standard applicable 
Currently, efficient burners are not receiving any attention by the EU standards. The EN 30.1.1 fix at 
52% the MINIMUM level of efficiency required on burners of domestic cooking appliances, but there is 
no label nor any other kind of information to consumers about the differences between the different 
appliances on the market. 
The situation is similar on electric cooking appliances, with the consequence that induction hobs, 
advertised with “90% efficiency”, are expanding their sales month after month, even in countries with 
the majority of electricity coming from the combustion of fossil fuels at an average efficiency of 40% 
(ENEL Italy data). 
In other countries like Brasil, after a dramatic blackout in the south-east region in 2000, a label on 
domestic cooking appliances has been introduced. By the way, in the occasion of the blackout, it was 
clear that electric ovens, quite popular amongst the German residents, were partially responsible for 
the peaks creating the blackouts, and plans to incentivate their conversion in gas ovens were 
introduced by the local municipality9. 
 
The EU standard desirable 
Considering the Kyoto Treaty and the effect it displays in terms of penalties to countries emitting GHG 
like CO2, it would in my opinion be evident that standards in EU, wherever emissions of a relevant 
level are an important issue, would have to fix new, reduced emissions targets in order to push the 
industry to invest in that direction. 

                                                      
7 CO limit within EN30.1.1 standard is 0,1% 
8 Consumption based on a standard 4 gas burner hob (one Rapid 3kW, two Semirapid 1,75kW, one Auxiiary 1kW), daily use for 
one hour of for Semirapid and Rapid burners and ½ hour for the Auxiliary burner, supplied with Natural Gas.  
9 As communicated to SABAF by local manufacturers asking for a rapid conversion of their electric ovens into gas ovens. 
SABAF refused due to the impossibility to develop safe ovens without introducing a thermoelectric safety device, considered 
“too expensive” by manufacturers. 
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This is exactly what has been done in the recent past with labels on different appliances, and very 
important results have been achieved. 
What is not clear, is the priority assigned to the different appliances to be equipped with a label. 
Considering ONLY electric cooking appliances, i.e. 50% of the EU total “cooking” market that includes 
another 50% supplied with gas, the annual consumption of electricity averages 568kWh10. This is 
much more than the refrigerator (250kWh), much more than the clothes washer (250), much more 
than the dishwasher (285), much more of the clothes dryer (430), but ALL THESE APPLIANCES 
HAVE ALREADY BEEN EQUIPPED WITH LABELS, while SURFACE cooking is still missing the 
label. 
The only label introduced in the cooking sector is related with electric ovens, that contribute 
significantly to the total consumption of energy in cooking, but it is not the most relevant (surface 
electric cooking uses more). The label on electric ovens was introduced in 2003, leaving gas ovens 
without label for the absence of uniformity of results in the ring tests run by 7 laboratories on 
ventilated “forced air” ovens, even if they represent a very little fraction of the total market11. 
It is highly questionable, moreover, the idea to introduce a separate label on ovens (something that 
should not be repeated with a surface cooking label, when introduced). The idea of the SAVE II 
project was to introduce a common label on gas and electric ovens, in order to inform consumers 
about the impact in terms of carbon emissions and/or the average cost per year of use (based on 
average local costs of natural gas and electricity). Some opposed to this idea by saying that it is 
preferable not to alter the market between electricity and gas cooking appliance, but it is not clear 
WHY this should not be done. In London, if authorities did not make a strong battle in order to ALTER 
the market, most of the heating would still be with coke, and the improvements obtained with the 
conversion of most of the domestic heating to cleaner energies are evident.  
As it is clear that in EU the average carbon intensity of delivered electricity is 0,12kgC/kWh, it is out of 
discussion what is the best energy to use in cooking in order to save to environment carbon 
emissions. Natural gas with 0,08kgC/kWh average carbon intensity is a better option. In my opinion, 
some specific situations, with very low carbon intensity of delivered energy, such as all EU countries 
with a prevalent production of electricity from renewable sources (Norway with its 90% hydro, as an 
example) should be considered, and probably a EU label would have to take into consideration local 
and regional specific situations, in order to avoid inefficiencies. 
But it is clear that with oil at 73$/barrel it becomes a priority to act in all directions in order to save 
energy, and save emissions to the environment. Any standard modification should really be aimed to 
– at least – incentivate IMMEDIATELY the adoption of EXISTING technologies and products, such as 
the SERIES III burners. 
It is necessary also too clarify that in the case of SERIES III burners, the difference in cost to the 
manufacturer, compared with SERIES II burners, is limited to a 5% on the price of a set, or (in 
absolute terms) more or less 0,3 euro on a set of 4 burners. This little difference, taking into account 
the average cost of natural gas, can be paid back in very short time, with the cost of a m3 of natural 
gas standing at 0,6€ (Italy)12. As the difference in the yearly consumption for one hob (pattern usage 
as per above note number 10) is approximately 50m3, the payback time of the change from SERIES 
II to SERIES III burners would be only three days of normal use… 
These are the technology “jumps” that mark the difference and should attract a substantial interest 
from authorities, as are IMMEDIATELY AVAILABLE, with research and development costs entirely 
paid by the private sector13 with no contributions and/or investments required to the public sector.  
 
Gas or induction, the need of a single label in cooking 
 
Up to now, we have considered the different efficiency between a gas hob equipped with previous 
generation burners and SERIES III burners by SABAF. I would like to extend the concept now to 
electric hobs, in their most efficient version, with induction technology. 
It has been clarified many times that induction hobs, due to losses in the production and transport 
chain of electricity, have a very low efficiency in terms of primary energy14, approximately only 32% 
                                                      
10 Paolo Bertoldi, European Commission Directorate General, Joint Research Centre, Average Annual Consumption of 
electricity by appliance type – “ENERGY AND CARBON SAVING IN COOKING”, Milan, Palazzo Stelline 30 March 2006 - 
http://www.sabaf.it/download/PBertoldi.pdf  
11 Ettore Barbieri, Technical Manager Gas Sector IMQ, TC49, “ENERGY AND CARBON SAVING IN COOKING”, Milan, 
Palazzo Stelline 30 March 2006, - http://www.sabaf.it/download/EBarbieri.pdf  
12 http://www.autorita.energia.it/gas/index.htm  
13 SABAF DID NOT received any kind of public funding or incentive of any kind for the R&D investments that originated the 
SERIES III burners. 
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against 65% with gas cooking. This means using the double of the primary energy for the same 
purpose, i.e. to cook in a family for one year (3.248MegaJoule of energy against 1.667 MJ with gas). 
But this is only one aspect. Using gas for cooking, in countries with electricity produced with fossil 
fuels, would leave much more precious electric energy for uses where there is no alternative with 
other fuels, such as air conditioning or dish washers, where the alternative “gas” solutions are existing 
only virtually. In other words, there would be LESS need of constructing new power plants, that will for 
sure be needed in case we do not adopt a “fuel-switching”15 policy from electric cooking to gas in 
countries with electricity coming from the combustion of fossil fuels. Obviously, it is true also the 
opposite: in countries with over-abundant production of electric energy from renewable sources, it 
would be logic to incentivate and promote the use of electricity for cooking rather than complicating 
lives with the costly construction of gas networks. 
“Fuel-switching” policies are the only way to go. Otherwise, consumers could face a situation with 
ovens labeled “A” efficient but powered with natural gas, LPG, electricity, and (why not?) coke, wood 
without any possibility to understand what is the most convenient appliance for their pockets and for 
the environment. 
 
The cost approach 
Some opponents to the concept of single label in cooking and in whatever appliance sector where two 
forms of energy confront themselves in the market with more or less the same market share, argue 
that the concept of carbon emissions, or primary energy consumption, are too complicated for the end 
users. 
In this case, a label indicating the annual cost of running the appliances (similar to the “Energy Star” 
concept in the US) would be welcome too. At least, there would be smaller space for confusing 
information coming from interested companies that are spreading the idea that cooking with induction 
in Italy is convenient in terms of annual expenses for the end users. 
In reality, it is easy to calculate that boiling two liters of water every day makes (in Italy) 8,1€ with gas 
burners, and 36,9€ with an induction hob, considering, obviously, stand-by losses16 for induction 
hobs. 
This means a cost nearly 5 times higher with induction than with gas, changing the test methods 
would not change significantly the result. 
 
Conclusions 
 
It seems urgent to introduce and/or implement as soon as possible: 
1. the EUP directive, a much more comprehensive approach to the energy saving and 

hazardous materials matter than the separated RohS and label directives. If saving few tons 
per year of lead as per RohS directive pushes energy consumption for the production of 
burners up by 25%, with the added production of hazardous materials in electricity power 
plants, more consumption of water etceteras, this should be considered, and the EUP 
directive adopts this more comprehensive approach. 

2. a single label in the appliances that are in the market with similar market shares in different 
energy options would help the end users to understand the net effect on their annual costs 
and / or the effect on the environment in terms of carbon emissions. Such an approach goes 
in the right direction to limit GHG as per Kyoto’s treaties. Separate labels do not help in any 
way to address consumers on consequences of their choices. 

3. companies adopting severe policies in terms of energy saving in production, workers’ social 
rights, use of child labor in production etceteras should receive some attention by the end 
users via labels or certificates issued by authorities or institutes. In many other sectors the 
possibility to understand the approach of manufacturers towards these issues demonstrated 
that “bio” products have an opportunity of market shares even at higher costs. Informing 
consumers about the country of origin of an appliance (the “made in …” issue recently under 
consultation by EU authorities17) is already a good first step, but a more complete label, rating 

                                                                                                                                                                     
14 Renè Kemna, “Eco-design for Energy-using Products: Methodology and Possible Implications for the Cooking 
Sector”, “ENERGY AND CARBON SAVING IN COOKING”, Palazzo Stelline, Milan, March 30th 2006 - 
http://www.sabaf.it/download/RKemmar.pdf  
15 As suggested some time ago by DEFRA – Market Transformation Programme in UK. The argument is still valid. 
16 SABAF Laboratories, test carried our with SERIES III 3kW Rapid Burner, Natural Gas, against standard induction hob from 
the market, cost of natural gas 0,6€/m3, cost of electricity 0,15€/kWh, 4,5kW meter. Fixed meter fees excluded in both cases. 
Cost of stand-by only at 13,2Wh (average 10 most sold models in US) = 17,34€ - cost without stand-by 19,56€. 
17 http://europa.eu.int/yourvoice/forms/dispatch?form=401&lang=IT  
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the social sustainability of the product, and issued by authorities, would be warmly welcome. 
It is important to clear that such a label would simply accelerate a process already 
undergoing, as some distribution companies such as IKEA are already adopting severe 
policies in their imports from non-EU countries, trying to ensure that social conditions of 
workers in suppliers’ plants are falling within IKEA standards18. This approach is already 
changing the market, as IKEA asks its suppliers to comply with IKEA’s standards, and 
suppliers’ sub-suppliers also have to comply. Again, it seems that the market is running faster 
than standards, while standards should somehow guide the market towards more sustainable 
production schemes. 

4. In the absence of the above mentioned measures, SABAF SERIES III burners with a total 
investment of millions of euros will have to compete on the market with burners with a 25% 
lower efficiency and theoretically manufactured without respecting minimum working 
conditions, child labor laws, without any possibility for the consumer to be informed about 
these differences. 

5. In the absence of these measures, hobs with brass valves (with 6 times the lead content 
possible with the aluminum alloy 2030), will be marketed in EU at low prices without anything 
informing consumers about the differences with hobs made with valves using 6 times less 
lead. 

6. In the absence of a common label for electric and gas ovens, and for electric and gas surface 
cooking, electric cookers and hobs will be advertised as much more efficient than gas 
appliances and will increase their market share, with the result of higher carbon emissions, 
higher electricity consumption during peak hours around meal times, and shortages that could 
push the idea of the construction of more power plants that are, in reality, not needed, if 
electricity is used more efficiently. 

                                                      
18 http://www.ikea-group.ikea.com/corporate/responsible/conduct.html  
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Machines 
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Member of CENELEC TC59X WG1 
 
 
Abstract 
CENELEC TC59X WG1 has started its work for the next edition of the European standard EN60456. 
Modifications will be introduced to the next edition of the international standard IEC60456 to make it 
more globally applicable. To open up for all clothes washer designs means to allow more options for 
testing but it also gives room for improvement and new ideas too. 
A sub-working group of WG1 was set up to check the impact of the changes for EN60456. The review 
includes adjusting the standard to be more in line with today’s usage of washing machines. The 
following issues, amongst others, are under discussion: lower temperature (testing at 40°C), tests for 
different load sizes, new or altered soil swatches also the introduction of the new reference machine 
and improved test methods for rinsing efficiency. There is more emphasis put on repeatability and 
reproducibility. Discussions have just started and a lot of work has to be done within the next 2-3 
years in order to be prepared for the next step. 
 
Introduction – CENELEC standard EN60456 in relation to IEC standard 
IEC60456 and to EU directive 
The European Energy Label indicates the efficiency of electrical household appliances to consumers. 
The Energy Label for washing machines informs the consumer about energy consumption and related 
performance criteria: washing and spinning performance are shown as well as the resources used – 
water and energy. 
The declaration is based on the European Norm EN 60456: „Clothes washing machines for 
household use. Methods for measuring the performance”. This CENELEC standard gives detailed 
instruction concerning the testing of all mentioned parameters. 
CENELEC prepares electrotechnical standards. Regulations and standards in Europe are connected 
– there is a principle of reference to European standards within the relevant European regulatory work 
(Directives, e.g. see Council Directive 92/75/EEC and Commission's Directive 95/12/EC). The 
European Energy Label requires testing according to EN60456. 
The CENELEC standard EN60456 corresponds to the international test method IEC 60456. 
Modifications will be introduced to the next edition of the international standard IEC60456 to make it 
more globally applicable. CENELEC TC59X WG1 has started its work for the next edition of the 
European standard EN60456. According to the Dresden Agreement it is mandatory for CENELEC to 
deal with new editions of the corresponding IEC standard. Therefore a sub-working group was set up 
to check the impact of the changes for EN60456. 
 
Current status of EN60456 
 
At the 3rd EEDAL-Conference 2003 it was reported about “Recent Improvements of the Measurement 
Standard for Washing Machines”. At this time it was stated, that the test methods described in this 
standard in general were improved, especially the reproducibility of the test method for the 
determination of the washing efficiency. 
Based on a round robin test in 2002 it was concluded that the washing performance of a household 
machine (high class) has a measured standard deviation of 0.022 and a range of 0.06 (equals to 2 
classes in the labelling scheme). The standard deviation of measuring results for the reference 
machine was higher than for the tested household machine. Further investigations of the reference 
machine were needed. 
In the meantime further effort was undertaken to improve the accuracy of the reference machine. 
Maintenance procedures were developed. In 2004 the next Round Robin Test was started with 25 
European labs involved. Tests were based on a draft of EN60456 standard. This document is now 
published as EN60456:2005. One of the main issues of this Round Robin Test was to approve the 
new reference machine – the CLS Wascator. The “old” MP type is no longer produced.  
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The final report of RRT 2004 was distributed in January 2006. Wascator CLS is approved, the 
Corrigendum to IEC 60456 is published, and CENELEC prepares an amendment for EN60456. 
Results show further progress, calculated repeatability and reproducibility numbers are better than 
RRT 2002. Ring test comparison (2002 – 2004) appears to indicate reduced uncertainty of results for 
wash performance, water / energy consumption, spin speed and RMC. 
 
Need for an update of EN60456 
 
IEC will revise its standard IEC60456 and add new elements – CENELEC will review the changes and 
publish this standard together with common modifications as EN60456. 
If the European Labelling system for washing machines needs an update the necessary 
standardization work could be done during the next period of work, while preparing the next edition of 
EN60456. 
CENELEC TC 59X WG1 is ready to work. New sub-groups were set up and started work last year 
already. 
SWG 1.6 Future standard 
SWG 1.7 Spinning efficiency accuracy 
SWG 1.8 Rinsing performance 
 
Relevant items of IEC60456 revision 
 
The following key elements of IEC60456 related to EN60456 are under discussion: 
Stains strip: The new stain sebum is added to the strip and red wine is additionally aged to improve 
both customer relevance and discrimination. 
Reference machine: The new reference machine Wascator CLS is introduced. 
Detergent / dosage / water hardness: Current standard detergent A* is confirmed for next edition. But 
there are ongoing discussions about dosage reduction and soft water option. 
Loading and folding method: The method is reworked (now rule based and suitable for various wash 
systems). The changes will have some impact on the loading sequence for horizontal axis machines.  
Rinsing: The alkalinity method with is step by step refined. The work is not yet finished. 
 
Input from EU workshop 
 
A Workshop was organized by EU Commission and CECED on June 30th 2005 in Brussels. [1] It was 
stated by Luigi Meli, CECED Director General:  “We are in time for a new EN and a new label.” Many 
issues for further work were included in 12 presentations. The speakers stressed differences between 
test profiles today and consumers’ habits on one side and new machine developments on the other 
side. There is a need to define new areas of consumer relevant criteria which should be covered in a 
standard.  
- Cleaning performance and energy consumption for the 40°C and the 60°C cotton programme: 
Cotton 60°C and Cotton 40°C are mostly used programmes 
- Consumption values for lower load sizes than rated capacity: How effective the appliance is at 
reducing energy consumption when the load size is reduced 
- Rinsing performance: Test method is needed for both water-soluble substances and particles 
insoluble in water.  
 
Work programme of CENELEC TC 59X WG1 / Sub WG  
 
All issues mentioned above are included in current work of CENELEC. 
 
Tests at Cotton 40°C and Cotton 60°C  
IEC60456 does not limit testing to Cotton 60°C. The last RRT included tests at Cotton 40°C and 60°C. 
The results were checked and all faulty results were deleted from the data base. Results represent an 
estimation of the uncertainty of the measuring system. Comparing results at both temperatures it is 
obvious that the range of results is different for energy consumption. That means average values are 
lower but standard deviation remains the same. The relative error is increasing. Figures for 
Repeatability and Reproducibility must be taken into account before including Cotton 40°C into any 
label figures.  
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Energy Consumption [kWh] of machine A and B (RRT 2004)  

 
 
Final Report of RRT 2004 [2]  
Further work is needed to identify main parameters and find out whether further improvement is 
possible. 
Tests for different load sizes  
A general trend on the European market seems to be growing machine capacity. Today’s washing 
machines provide a wide variety of functions. Machines are able to adjust to lower load sizes. Target 
is to achieve good performance at maximum load and adjusted consumption values at lower loads. 
Nevertheless it is recommended to wash full loads to avoid wasting water and energy.   
EN60456 does not provide means for testing at different load sizes. It defines that tests have to be 
done with the highest declared amount of cotton textiles.  
The discussion about testing energy and water consumption for several loads sizes was started.  A 
definition can be included for the next edition of EN60456.  
Stain strip  
The current standard defines the 4 stains/soils used for testing the washing performance: carbon 
black/mineral oil; blood; chocolate and milk; red wine. 
5th edition of IEC60456 will add a fifth stain: sebum. Red wine is additionally aged.  
There is an impact on test results and also on evaluation of washing performance. Even if the new 
stain sebum is not included for evaluation of ratios the numbers measured will change due to altered 
red wine. This is one of the items of EN60456 which will affect the Energy labelling scheme for 
washing machines. 
Introduction of the new reference machine  
Wascator CLS is approved, the Corrigendum to IEC 60456 is published, and CENELEC prepares an 
amendment for EN60456. 
For IEC60456 there are now two reference machines available. Adjustments for all reference cycles 
are needed to bring results of both machines in line. But there will be always a difference between the 
results – the impact on results needs to be checked very carefully. The uncertainty of the system 
increases. 
The question is on the table: Is it better to limit tests according to the Commission Directive on energy 
labelling to one reference machine only? 
Test method for rinsing efficiency  
The current standard defines already a specification for a test using the residual alkalinity of the 
detergent solution in a base load after spin extraction as a measure of the rinsing performance. 
Several round robin tests have shown that repeatability within one lab is at a level to allow some 
differentiation between machines but reproducibility is limited. 
The alkalinity method with is step by step refined. The work is not yet finished. 
The final report of RRT 2004 which was already based on a partly improved test procedure 
summarizes the current status as follows: 
“The range of results is high but the tendency in one lab is in the expected order. The lab-to-lab 
comparison shows deviations. That means the reproducibility needs still improvement to give better 
differentiation in inter-laboratory tests. The repeatability seems to be much better in some laboratories 
than the reproducibility. 
CENELEC WG1 SWG1.8 rinsing is preparing further tests to analyze more in detail how to improve 
the rinsing procedure.” 
 
Summary  
 
The update for EN60456 will include all necessary changes to stay in line with IEC60456. Additional 
effort is needed to define and limit the impact for the European Energy Label. Changes of the labelling 
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system are expected. To get the revision of EN in time and coordinated with IEC schedule it is 
necessary to base further work on a detailed work plan. 
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Abstract  
In the seventies the magnitude of societies energy consumption did become an international concern. 
The main target became to achieve a sustainable level of energy consumption. As a result the 
average temperatures and the water levels in European washing machines have decreased 
considerably. In addition other process parameters have changed. This implies that the conditions for 
appropriate laundry hygiene have been stressed. In this research the hygienic effects of the present 
textile laundering habits are investigated. For four countries the hygienic quality of washed domestic 
laundry is evaluated. The results reveal that the hygienic effect of low temperatures cleaning has to 
be taken into account for future energy measures. 
 
 
Introduction 
 
In the seventies the magnitude of societies energy consumption did become an international concern. 
The main target became to achieve a sustainable level of energy consumption. This implies that no 
more energy is used than the eco-system can supply. The initial reduction measures in the seventies 
and eighties were relatively easy and very successful. But when more saving technologies were 
introduced the additional savings became less. As a result of the energy saving measures the 
average washing temperatures in Europe has decreased considerably over the last decades. In 
addition the process time and water levels have changed. As a total result it may be concluded that 
the conditions for appropriate laundry hygiene haven been stressed. Little is known about the hygienic 
effects of these changes in daily practice. In this research the hygienic effects of the present way of 
textile laundering are investigated. Four European countries are selected because of their 
characteristic washing habits. For each country the hygienic quality of washed naturally soiled 
domestic laundry is assessed. 
In this paper the impact of past energy saving measures on laundry hygiene are elaborated. In 
addition some strategies for appropriate hygiene in combination with energy efficient technology will 
be discussed. 
 
Development of laundering technology 
 
After the club of Rome in 1972 pointed to society’s impact on natural resources and energy, 
technology and consumption as well as domestic technology and practices have changed 
substantially. Currently, domestic appliances use less energy and water. Household chemicals, like 
cleaning agents, produce less harmful emissions. Although consumer practices have become more 
sustainable, according to present insights, the current situation still is not sustainable and further 
measures are needed. This applies also to domestic laundering in Europe. National and European 
legislation, like the ban on phosphate and non-biodegradable surfactants, have guided the industry in 
this sustainable direction. Consumer practices have been influenced by information from various 
sources. In the current situation, European consumers wash at lower temperatures with 
biodegradable detergents [2]. Several institutions have monitored the cleaning properties of these 
changed laundering practices. But until today, little attention has been spent on the hygienic 
properties of sustainable laundering practices [3]. During usage, textile articles are contaminated with 
visible soil and invisible microorganisms. These microorganisms may, under certain conditions, pose 
a health risk. By textile laundering, the number of microorganisms can be substantially reduced [4] [5] 
[6]. 
Several laboratory scale studies have shown that lower a wash temperature and a reduction of the 
bleach activity reduce the overall level of hygiene of the washed laundry [7] [5]. 
Since textile hygiene is a major benefit of laundering and past changes in washing practice may have 
stressed the conditions for appropriate hygiene, more insight into the hygienic implication of modern 
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wash practices in real life situations is needed. The research in this paper aims to assess the hygienic 
implications of sustainable laundering practices in European. And thus creating a basis for future 
policy measures in this domain. The focus of the study is on the impact of temperature lowering and 
water saving. 
 
Laundering Hygiene research 
The objective is to assess the hygienic effect of entire washing processes as are normally used in the 
different regions in Europe. For that purpose first a set of representative regions/countries are chosen. 
Then a consumer survey to find out the washing practices in these regions is run. And finally the 
hygiene effect is assessed by measuring the contamination level of the laundry before and after a 
washing process. 
Block et al. [8] recently published a test method to determine the antimicrobial effect of laundry 
detergents within a washing process. In this test, artificially contaminated micro-organism carriers are 
washed together with sterile ballast fabrics in a normal washing machine under realistic conditions. 
After a complete washing cycle the surviving test organisms on the carriers are determined.  
The objective of the present research is to assess the hygienic effect of a complete washing process 
in real life conditions. Therefore in this study the reduction and cross-contamination are assessed on 
naturally soiled domestic laundry.  
In Europe there is a distinct difference between the northern and southern countries. It was chosen to 
include one country from north Europe, two from the south and one from middle Europe. These 
countries are Norway, the Netherlands, Spain and Greece. In each of the four countries an enquiry 
among approximately one thousand households was held to find out the washing practices. The 
enquire supplied information about; the washing programs most used, type and brand of detergents, 
detergent dosage per cycle, degree of machine loading and the average water hardness to be used. 
The microorganisms in the study are selected on the basis of a literature study. The germs selected 
are: Enterobacteriaceae, Bacillus, Staphylococcus aureus and Yeasts and fungi. All microorganisms 
selected are known to be found on laundry and pathogenic or members of a group with pathogens. In 
addition it was decided to assess the overall hygiene level of the textile articles by means of a total 
plate count. 
Laundry items that have been used in normal practice have been chosen on the bases of 
expectations with respect to the presence of the microorganisms. The occurrence and amount of 
micro-organisms on the laundry items hereafter has been determined in a pre-test. 
- Handkerchiefs; because a large part of the human population is carrier of Staphylococcus aureus 

in the nose, 
- Diapers; as many bacteria occur in faeces; Enterobacteriaceae, Bacillus and Staphylococcus 

aureus, 
- Socks; foot moulds, yeasts and fungi are likely to be found in socks, 
- Dishcloth, studies [9] [10] reveal that a dishcloth is a highly contaminated piece of laundry.  
To obtain the same level of initial contamination in the different wash tests the samples were cut into 
pieces and mixed.Sterile cotton test cloth is used for the assessment of cross contamination in the 
washing process. After the wash treatment the contamination of the the washed samples was 
assessed. 
 
Execution of the wash tests 
 
All wash tests are run in a clothes washing machine for household use; a horizontal axis drum 
washing machine. Before each wash test the machines are cleaned and disinfected. Then the 
machines are loaded with a base load and test materials, detergent and the process was started. 
After the wash cycle the test materials are collected and the contamination is assessed. The relation 
between the contamination before and after washing gives information about the hygiene properties 
of the process. The contamination after washing of the sterile samples shows the degree of cross 
contamination. 
Each of the selected washing processes is run once. In order to obtain an acceptable soil load 12.5 
ml defribinated sheep blood per kilogram base load is added. The composition of the cotton base load 
is in accordance with IEC 60456 [11]. To avoid cross contamination from the base load, the load is 
sterilised with gamma-radiation before each test cycle. A sample of the unwashed test material was 
taken for determining of the initial contamination. The sterile samples are autoclaved. The washing 
machine was treated with a 95°C programme using bleach containing detergent. 
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Results 
 
The germ reduction properties of the most common washing processes in Greece, Norway and the 
Netherlands are more or less comparable (figure 1). For the 40°C processes the total plate count 
reduction amounts ± 0.5, 3 to 5, ± 2 and 2 to 3 log units for handkerchiefs, diapers, socks and dish 
cloth. The germ reduction of a 60°C wash programme is 1 to 2 log units better then the 40°C 
programme. The hygienic quality of laundry washed with the washing processes is in line with the 
expectations. The results from the Spanish washing processes seem to be very out of line. The 
difference between the Dutch and the Spanish washing processes was confirmed by statistics 
(ANOVA-One Way, α < 0.05).  
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 Figure 1: Germs on washed textiles; total plate count  
 
A higher temperature had a positive effect on the hygiene properties; this was found for the difference 
between the 15°C and 40°C programs and between the 40°C and 60°C programs (ANOVA-One Way, 
α < 0.05). In general, the hygienic quality is better when the washing temperature is rising.  
Because no explanation was found for the good hygiene properties of the Spanish processes, a 
further analysis was performed. In additional tests it was found that because of the foaming properties 
of the detergent the washing machine added additional rinses. These rinses appear to supply the 
additional hygiene effect. In an additional experiment this effect of an extra rinse was confirmed.  
A positive effect of bleach on the hygienic quality of laundry is found (ANOVA-One Way, α < 0.05). 
This is also confirmed by a additional tests.   
Statistical analysis shows that there is a synergic interaction between temperature and bleach effect. 
When a detergent contains bleach and the washing temperature rises, the hygienic quality is better 
than the two separate effects. 
After the wash process the sterile samples were contaminated. The degree of contamination was 
comparable with the other test samples. This implies that germs are redistributed during the washing 
process. This cross-contamination is shown for the different germs for each process in figure 2. In 
general, the cross-contamination of the sterile samples in the 60°C programs tends to be lower than 
in the 40°C program. The situation in Spain is completely different from the other countries.  
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 Figure 2: Cross-contamination in the most common washing processes in Europe 
 
When the contamination level of the Spanish 15°C program is compared to the 40°C programs of the 
other countries an interesting result appears. The cross contamination level in Spain is relatively low. 
Additional tests show that the extra rinses in the Spanish programs that deliver the better hygienic 
level are responsible for the better cross contamination also. 
 
Conclusions and discussion 
 
In this research the hygienic effects of different washing processes in four European countries are 
assessed. The two most common washing processes in each country are studied. For that purpose, 
the microbiological count of relevant micro-organisms on naturally soiled domestic laundry is 
determined before and after washing. The naturally soiled laundry is applied to make sure that the 
results are valid for the consumer practice. Earlier research shows that results from artificially 
inoculated test samples are not representative for the normal practice. 
The hygienic quality of the most common washing processes in Greece, Norway and the Netherlands 
is more or less comparable. The results show that the hygienic quality of the washing processes at 
40°C is substantial lower then at 60°C. For some types of laundry the total contamination (Total Plate 
Count) is hardly reduced by the 40°C cleaning process.  
The 60°C programs perform better but even with these programs the laundry remains contaminated 
after the wash process. This means that a washing process at 60°C or lower does not reduce the 
presence of germs to the amount as is seen for the traditional boil wash programs (4). 
The research confirms that increased washing temperatures and the presence of bleach agents in the 
detergent improve the level of hygiene. This is confirmed by additional research. In this scope 
temperature and bleach do show a synergic effect. 
Furthermore it is shown that the hygienic effect of laundering differs between different textile types. 
The results obtained with the Spanish washing processes appear to differ substantially from results 
for the other European countries. The germ reduction of these processes is substantially higher. One 
explanation for this is the extra rinse, which is added to the wash cycle due to extensive foaming. 
Sterile samples were contaminated after washing with all the types of bacteria that were included in 
the research. This shows that modern washing redistributes the micro-organism among the washed 
items.  
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Another interesting outcome of this research is the increased hygienic quality of the laundry items 
after adding an extra rinse to the washing process. This finding came up when verifying the Spanish 
results. The Spanish hygiene level was found to be higher than in the other European countries. 
Summarising it may be concluded that measures to reduce the energy consumption of the textile 
cleaning have stressed the conditions for appropriate hygiene. As the effort to attain sustainability 
continues, further environmental measures will be needed. Further lowering of the wash temperature 
and the water consumption may be considered. If no solutions are created, the previous measures 
are likely to endanger the level of hygiene in private households. 
Scientists dealing with hygiene or processes that may affect the hygiene should be aware of these 
phenomena. They should search for ways to solve the problems, before they can affect the quality of 
public health. In the future these specialists will be faced with the challenge of creating household and 
industrial processes that are fit for use, sustainable and that do not affect the level of hygiene. 
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Abstract 
Laundering at temperatures below 60 °C is increasingly practised because of environmental relief and 
according to textile labelling. Cleaning efficiency at 30 and 40 °C was studied extensively by detergent 
producers and washing machine manufacturers, but in this context hygienic aspects have to be dis-
cussed as well. This paper is concerned with three points of view: 
- Is the germ charge of the textiles sufficiently reduced? 
-  May germs (possibly proliferated in a poorly vented washing machine) be transferred on tex-

tiles? 
- Is it indicated to worry about general health hazards? 
The spectacular reduction of power and water consumption in machine laundering achieved during 
the past years by technical improvements is, however, on the whole considerably swept off by in-
creasing washing frequencies. Therefore, a further cut of energy need by low temperature laundering 
is much desirable. In this paper the microbiological situation is discussed in detail on the basis of ex-
perimental investigations, starting from the germ load of textiles and proceeding to its reduction by the 
washing process and to supposable transfer of germs from residua in the washing appliance to tex-
tiles during laundering. It follows that the risks are negligible under normal circumstances, so that low 
temperature laundering is highly recommendable for ecological reasons. From esthetical considera-
tions only some provisions like sufficient ventilation and dry storage of the textiles are advisable. 
 
1. Perception of Hygiene 
 
Living in natural environment takes place in symbiosis with intensive microbial activity; our ambience 
is by no means aseptic. Not until the load becomes too high due to the concentration or species of the 
germs health risks will occur. Human skin is also populated by bacteria (102–105 CFU/cm2; CFU = 
Colony Forming Unit), and without them normal function of this organ is even impossible.  ’Hygiene’ 
does not at all mean sterility in households [1].  
The purpose of laundering is firstly the removal of visible soil and stains and the preservation of wear-
ing properties. Hygiene, however, is observed increasingly critical, last not least in connection with 
low temperature laundering.[2]. Today laundering at temperatures beyond 60 °C is unusual in West-
ern Europe – laundering is mostly accomplished at a maximum of 40 °C. The reason is the intention 
of saving energy [3] [4], apart from the increasing use of temperature-sensitive synthetics and col-
oureds. 
 
2. Reduction of Laundry Contamination 
 
The Hohenstein Research Institute has carried out preliminary investigations on the reduction of the 
germ load of textiles using household detergents. Soil and test germs were selected according to 
experiences in commercial laundries (adapted to the lower load level of clothes in private house-
holds). All experiments were made with clean additional charge, with the same soiling and dirt load 
and with identically contaminated test rags. 
 
2.1 Experiments 
Investigations were carried out with five different detergents. Dosage was pursuant to manufacturers' 
instructions for normally soiled laundry and range II of water hardness. 
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Table 1:  Test conditions 
Detergent Temperature Dosage 
All-purpose Detergent (Powder) 30 °C, 40 °C, 60 °C 68 g / Detergent Container 
Colour Detergent (Powder) 30 °C, 40 °C, 60 °C 75 g / Detergent Container  
All-purpose Detergent (Liquid) 60 °C 78 g / Detergent Ball 
Colour Detergent (Liquid) 40 °C 78 g / Detergent Ball  
Detergent for delicate fabrics (Liquid) 30 °C, 40 °C 78 g / Detergent Ball  

 
The Investigations were made at temperatures of 30 °C, 40 °C and 60 °C with customary 5 kg-
household washing machines with modified control, which were disinfected thermally before every 
pass by a 95 °C washing program without adding detergent. Furthermore the door gasket was treated 
with a disinfectant. The experiments were performed with a quick wash program (mixed laundry). The 
load was 3,5 kg at a time and consisted of new dishtowels, nap towels, blankets and pillows (100 % 
cotton), which were also thermally disinfected for every pass by a 95 °C program (without detergent) 
and then dried in a household tumbler. In each case 20 g of defibrinated sheep blood and one test 
fabric strip according to IEC 60456 were added, similar to quality control in commercial laundry. When 
too much foam formation occurred (liquid detergents!) anti-foam agents on silicon base were used in 
addition. 
Hygienic efficiency was tested by adding germ-loaded rags with approx. 3*104 CFU/cm2. Test organ-
isms were enterococcus faecium and staphylococcus aureus. For measuring germ number reduction 
the rags were eluated with NaCl-solution after washing; the eluate was then incubated. The washing 
machines were first filled with the clean additional load, then the defibrinated blood and the test strips 
were placed in between, and finally the germ rags were inserted in tiny bags. After the end of the ac-
tual washing the germ rags were taken out and tested for their residual germ charge.  
 
2.3 Results and Discussion 
After the use of all-purpose detergent a residual germ charge could be observed neither in the case 
of detergent powder (with bleaching component, temperatures 30 °C, 40 °C, 60 °C) nor in the case of 
liquid products (tested only at 60 °C). With colour detergent powder small remainders of both test 
organisms could be detected for 30 °C and 40 °C in one of five passes resp., but not after washing at 
60 °C. Possibly the reason for the remaining charge is caused by a lack of soaking during the  short 
washing process, esp. when pieces were twisted around one another. 
 
Table 2: Germ Reduction (a value of 99,9 % means a residue of approx. 30 CFU/cm2) 
Detergent Test Organism / Temperature 

Enterococcus Faecium Staphylococcus Aureus  
30 °C 40 °C 60 °C 30 °C 40 °C 60 °C 

All-purpose detergent powder > 99,9 % > 99,9 % 
Colour detergent powder 99,5 % 99,3 % > 99,9% 99,6 % 99,5 % > 99,9% 

All-purpose detergent liquid   > 99,9%   > 99,9% 
All-purpose detergent liquid with-
out defoamer 

 95,2 %   95,2 %  

All-purpose detergent liquid with 
defoamer 

 > 99,9%   > 99,9%  

Delicate laundry detergent with-
out defoamer 

76,2 % 99,0 %  93,4 % 99,7 %  

Delicate laundry detergent with 
defoamer  

98,1 % 99,8 %  98,9 % > 99,9%  

(Value of 99,9 % means a residue of approx. 30 CFU/cm²) 
 
In the case of liquid colour detergent (tested only at 40 °C) a residual germ charge was detectable 
without defoamer, but not after the use of an anti-foam agent. The reason may be insufficient flushing 
of the load in case of much foam formation, with the consequence of reduced washing performance. 
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The efficiency of the liquid delicate laundry detergent was checked at 30 °C und 40 °C namely with 
and without defoamer. At 30 °C, with enterococcus faecium more germ residue was measured with-
out defoamer than with defoamer. This effect was less pronounced for staphylococcus aureus. At 40 
°C in four of five passes a remaining germ charge was discoverable in the case of enterococcus fae-
cium whereas staphylococcus aureus was only detectable in the passes without defoamer. 
 
3. Hygiene on the Part of the Washing Machine 
 
In the course of the diploma thesis of Anica Riebe [5], supported by B/S/H (Bosch and Siemens Do-
mestic Appliances), investigations on the issue of a possible transfer of germs from residua in the 
washing appliance to textiles during laundering at low temperatures were carried out.  
 
3.1 Scope of the Issue 
As in poorly vented bathrooms and other damp locations there may be a favourable setting for the 
growth of micro organisms in a washing machine as well, provided bad conditions of placement 
(closed machine in moist and warm environment). The micro organisms could grow without restraint 
for there would be sufficient water for the transport of nutrients and metabolites. The best milieu for 
many bacteria is a neutral or weak alkaloid range. All-purpose detergents are bacteriostatic or even 
bactericidal on their own due to their alkalinity. 
Like bacteria, fungi are also ubiquitary. They grow in the temperature range of 0 °C to 40 °C, decom-
pose organic material and are at home as well on dry surfaces as in humid ambience. The presence 
of organic substances from residues of detergents and rinsing agents, i. e. nutrients, would favour the 
growth of micro organisms in a washing machine. Metabolites can help to form biofilms [6], particu-
larly on aqueous surfaces. Under adverse conditions (moist placement, spores in the air and lacking 
machine maintenance) Biofilms may occur in washing machines in the region of the detergent con-
tainer and the door gasket but may be easily avoided by sufficient ventilation. 
To investigate the question whether it is guaranteed that even under the unfavourable conditions de-
scribed above no germ transfer to the laundry is to be worried about, textiles were contaminated in a 
well defined manner and subject to typical household washing programs. 
 
3.2 Experimental Parameters 
Commercially available front loading machines were used in quick washing mode without additional 
functions like pre-washing, extra rinsing, wrinkle protection or stain removal, so that the worst case 
with respect to germ charge reduction was covered. Programs applied: 
- Wool program, temperatures: cold, 30 °C, 40 °C (2 kg charge) 
- Delicate laundry program, temperatures: cold, 30 °C, 40 °C, 60 °C (3 kg charge) 
- Hot- and coloured program, temperatures: cold, 30 °C, 40 °C, 60 °C (4 kg charge) 
 
Detergents (Dosage for slight soiling): 
• one all-purpose powder and one all-purpose liquid 
• one colour powder and one colour liquid 
• two delicate laundry powders 
 
The investigations were carried out with cotton load similar to EN 60456:1999. According to Studies of 
the Department of Dermatology Ludwigshafen [7] the kind of fibre has no significant influence on the 
decontamination performance. Laundry composition: 
o 2 kg:  1 blanket, 2 pillow slips and 8 nap towels 
o 3 kg:  1 blanket, 4 pillow slips and 13 nap towels 
o 4 kg:  2 blankets, 4 pillow slips and 15 nap towels 
 
Since only a potential transfer of germs under adverse machine placement should be investigated it 
appeared not necessary to apply additional soil to the laundry.  
 
3.3 Experimental Procedure 
According to the Guideline 'Hospital Hygiene and Prevention of Infections' a casein soy flour pep-
ton(CASO-)Agar [8] was used for growing the germs. The washing machines were microbiologically 
checked before each pass. The inoculated culture media were incubated for 24 hours at 37 °C. To 
make the suspension for contaminating the laundry residual water was taken from the machine drain 
and cultivated several days at room temperature. The germs thus received are typical for the waste 
water population (not necessarily typical for the germs on used textiles).  
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The initial germ load was approx. 104 CFU/cm2. For measuring germ reduction first a contact sample 
to the culture plate was taken from marked surface areas (10 cm² each) of three artificially contami-
nated pieces of laundry (blanket, pillow slip and nap towel). Then the washing procedure was per-
formed with different detergents and at different temperatures, and afterwards a new contact sample 
from the textile areas contaminated before was taken. The laundry was washed with all-purpose de-
tergent and the hot-and-coloured program before the next pass. Corresponding to EMPA-studies [9] 
sufficient decontamination is achieved by this means. 
The test machines were conditioned with all-purpose powder detergent in the hot-and-coloured pro-
gram after the experiments and then once run in the same program without any detergent to eliminate 
the displacement of detergent remainders.  
 
3.4 Results and Discussion 
 
Table 3: Machine Hygiene / Germ Reduction 

Washing Temperature 
Detergent Program 

Cold 30 °C 40 °C 60 °C 
All-purpose detergent powder Hot and Coloured 99,7 % 99,9 % 99,8 % 99,9 % 

All-purpose detergent liquid  Hot and Coloured  99,2 % 99,8 % 98,0 % 99,8 % 

Colour detergent powder  Delicate Laundry 97,5 % 96,5 % 98,0 % 99,8 % 

Colour detergent liquid Delicate Laundry 99,9 % 99,8 % 99,6 % 99,8 % 

Delicate Laundry Detergent I Wool 99,6 % 99,8 % 99,2 %  
Delicate Laundry  Detergent II Wool 96,0 % 99,8 % 99,6 %  

(Value of 99,9 % means a residue of approx. 10 CFU/cm2) 
 
For all-purpose detergent powder and all-purpose detergent liquid generally a germ reduction of 
more than 99 % was observed for all washing temperatures. Only the experiments with liquid deter-
gent at 40 °C showed a slightly poorer performance (with larger variance). By the all-purpose deter-
gent powder a germ reduction of more than 99,7 % was achieved, at 40 °C und 60 °C even more than 
99,8 %. The reduction rates were always somewhat higher with powder than with liquid – probably the 
extra bleaching agents in the all-purpose detergent powder have an oxidative effect and denature the 
protein structures in an irreversible manner. In addition the powder is alkaline – liquid detergents are 
nearly neutral. 
 
High reduction rates were also achieved with colour detergents. For cold washing and a temperature 
of 30 °C significant differences between powder detergent and liquid detergent were observed. While 
all experiments resulted in a reduction potential of more than 99 % for liquid detergent the colour 
detergent powder used in these tests showed a poorer performance (97 %) for cold washing and 30 
°C. On the other hand, the efficiency of powder was a little higher than with liquid at 40 °C and 60 °C. 
The delicate laundry detergents (temperature range up to 40 °C, wool program) had maximum per-
formance at 30 °C. Except for cold washing with product II germ reduction  amounted to 99% for the 
delicate laundry detergents as well.  
In the worst case of direct contamination of the textiles with a germ suspension studied here a suffi-
ciently high germ reduction rate of more than 96 % was achieved by the washing programs used with 
all detergents applied even at low temperatures. Therewith germ transfer from the washing machine 
to the textiles during the washing procedure is excluded definitely.  
 
4. Conclusions 
 
In a household without persons contagiously sick the use of a commercially available detergent is fully 
sufficient also for low temperature laundry. Only in the case of increased hygienic requirements, i. g. 
for persons with low immunity or dermatological or intestinal infections (caused by bacteria, fungi or 
mites) the application of hygiene addenda will make sense to avoid fresh infections. It is particularly 
important to remove fungi, as such infections are prevalent mainly in the foot region. Ossowski und 
Duchmann [7] found out that 30 °C machine washing was survived by some species when the fungal 
infection had heavily interspersed the fabric whereas no fungus was vital after a 60 °C washing pro-
cedure. 

936



By the washing process mites have to be killed also since they can cause allergic reactions spec. in 
the case of neurodermatitis. Arlian et al. [10] have washed clothes and linen affected by mites 'cold' 
(22–27 °C) and warm (36–38 °C) using detergents with and without a bleaching agent. Without 
bleaching 84 % of the mites were removed, with bleaching 98 %. It is to consider that surviving mites 
are also transferred from affected to other clothes. 
The investigations of the Hohenstein Institute demonstrate, that at 60 °C all germs are reliably killed 
by use of household detergents. For all-purpose detergent powder or granulate (containing a 
bleaching agent) this holds also for washing temperatures of 30 °C und 40 °C. In the case of colour 
detergent powder, however, this effect could not be proven at the same safety level. Liquid all-
purpose detergent exhibited complete germ removal at 60 °C, liquid colour detergent for 40 °C at 
least when severe foaming was avoided. The liquid delicate laundry detergent was not able to re-
move all the germs at 30 °C even with a defoamer though the performance was better in combination 
with an anti-foam agent. In general, washing at low temperature with detergents containing no bleach-
ing and with liquid detergents leads to a germ reduction rate lower than with detergents including 
bleaching agents and higher temperatures. But germ concentration was sufficiently reduced at 40 °C 
laundry also. 
It has to be noted that the reduction rates reported for laundry contamination were measured with an 
artificially soiled load. It is desirable to repeat these investigations with textiles naturally soiled to en-
sure transferability to household conditions. 
The investigation performed at Fa. Bosch-Siemens show that no germ transfer from the washing ma-
chine to the textiles is to be expected at low temperature laundering. When low temperature launder-
ing is preferred periodical application of a 60 °C-Program with a detergent containing a bleaching 
agent is recommendable, e. g. with linen accumulating anyway. It is also advisable to perform the first 
washing at 60 °C after a longer time of non-use. Following these procedures low temperature launder-
ing appears routinely trouble-free without hygienic objections; there is no exposure of the textiles to 
germs from the washing machine. 
- Sterility is not essential in households, not desirable and not achievable 
- Germ reduction is fully sufficient at low temperature laundering for normally soiled household 

textiles unless disinfections is intended 
- There is no need to worry about germ transfer from the machine to the laundry  
- Ventilating the washing machine during non-use (filling door and detergent container open) 

works against the formation of bio films 
- When low temperature programs are applied predominantly the periodical use of a 60 °C 

program with a detergent containing a bleaching agent is recommendable 
- Regular maintenance of the machine (cleaning of detergent container and door gasket) 

should be a matter of course 
- The use of hygiene addenda is not advisable aside from special cases 
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Abstract 
Drying clothes by tumble dryers increases in European countries considerably. High-efficient heat 
pump dryers consume only about half of the electricity of conventional condenser dryers. Their 
efficiency exceeds the EU A-label threshold by far, while usual resistance heating machines are 
hardly better than energy label class C. Heat pump dryers are on the market for several years, but so 
far in no country they reached the break through. 
Actually, in Switzerland there is a good chance that the situation may improve. On the supply side, 
manufacturers expand their product lines: three brands offer now four models for residential use and 
three different brands offer semi-professional models in laundries of apartment buildings (see 
www.topten.ch). Additionally, the prices decreased considerably by about 20% in the last year. 
On the demand side, the Swiss Agency for Efficient Energy Use in cooperation with the Zurich 
Municipal Electric Utility, started an important promotion campaign. All models available on the market 
were tested – with positive results: the manufacturer’s declarations for energy consumption and drying 
periods were correct and – very important – the leakage of water vapour into the room was around 
20%, which is significantly lower than usual dryers. The usage properties were investigated on-site 
and discussed in workshops of experts, manufacturers and professional landlords. The manufacturers 
integrated the conclusions for further optimisations of their products. 
End of 2005, Zurich Municipal Electric Utility launched a rebate program, to promote heat pump 
dryers effectively. The national program Swiss Energy will support this campaign on a national level 
and hopefully manufacturers and EU-projects as EuroTopten [1] will promote this efficient technology 
also on European level. 
 
Introduction 
To dry laundry in the open air is ecologically most efficient. However, that practice is decreasing 
nowadays. Reasons are among other things modern life-style with little time for extensive housework, 
often close spatial relations in flats or laundries and air pollution. 
Tumble dryers are quickly drying the laundry and save place. Because of these obvious advantages, 
drying clothes by electrical tumble dryers increases in European countries considerably. However, 
dryers are responsible for a high share of energy consumptions in the laundry as well as in the whole 
household. 
Conventional air vented dryers and air condenser dryers are wide spread. Air vented dryers are open 
systems. They blow the exhaust air, initially air from the room, outdoor and cause disturbing smells, 
steam and noise from the front. If one wants to avoid this, expensive exhaust air ducts over the roof 
are necessary. Air vented dryers need compensation air, to be supplied by an opening. In winter this 
causes a cooling down of the room. Air condenser dryers are closed systems. Water condenser 
dryers are not reasonable due to their high water consumption, and today are not any longer used. 
A high-efficient alternative to these conventional systems are heat pump dryers. Their principle is 
simple. They combine a condenser dryer with an integrated heat pump. Warm and damp air flows out 
of the laundry drum into the evaporator. There the air is cooled down and dehumidified. The 
evaporator serves as heat source of the heat pump, whose condenser heats the air up to 60…65°C. 
Heat pump dryers do not need electrical heating elements in contrast to conventional dryers. The heat 
pump cycle reduces the electricity consumption by half. 
 
High-efficient heat pump dryers consume only about half of the electricity compared to usual 
machines. Their energy efficiency values lie between 0.32 and 0.40 kWh per kg laundry (with 70% 
initially moisture, EN 61121 so far). Conventional models are drying with high temperatures and need 
therefore depending upon model 0.6 to 0.8 kWh per kg laundry with standard conditions. These 
conventional models need up to four times more energy for the drying process as a washing need the 
same amount of load with 60° C in a washing machine of the EU Energy Label A. 
2005, 4.9 Millions tumble dryers for residential use were sold respectively bought in the EU. Strong 
distinctions exist between Western Europe (4.84 Millions) and Eastern Europe (0.06 Millions) as well 
as between Western European countries (see diagram below). 
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Western Europe market volumes of tumble dryers 2004/2005
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Western Europe market volumes of tumble dryers 2004/2005 [2] 
 
Large differences between the countries exist, also what concerns the proportion of Western 
European market saturation of tumble dryers (see diagram below). 
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West European market saturation of tumble dryers 2005 [3] 
 
With a market share of 89.4 %, conventional tumble dryers with the EU Energy Label C are still the 
most common tumble dryers. In contrast, the market share of the high-efficient heat pump dryers with 
the EU Energy Label A amounts only 0.3%. So far, they did not reach in any country the break 
through [3]. 
Actually, in Switzerland there are good chances that the situation may improve. 2001, the first heat 
pump dryer in Switzerland was launched, a model for semi-professional use with a capacity of 6 kg. 
Since that time manufacturers expanded their product ranges (e.g. AEG, Electrolux, Blomberg, 
Schulthess, Merkel, V-Zug). Actually there are four models for residential use of three manufacturers 
on the market and two models for semi-professional use of three further brands. The introduction on 
the Swiss market ran very positively and exceeded the expectations of the manufacturers. The 
product range is still small. However, and pleasing for Swiss consumers, the prices decreased 
considerably by a rate of about 20% in the last year. The market share figures of heat pump dryers in 
Switzerland are very promising [4]. 
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West European and Swiss market share of heat pump dryers 2005 [4]: Promising market 
introduction in Switzerland 
 
Since 2003, in Switzerland many detail questions concerning heat pump dryers were clarified. Among 
other things laboratory tests of all models available on the Swiss market were accomplished and the 
consumer satisfaction in the everyday life was examined. 
The throughout positive experiences with heat pump dryers convinced the city of Zurich. Since 2003, 
the city of Zurich officially favours heat pump dryers. Besides, the city of Zurich promotes, since the 
end of 2005, with a rebate program the purchase of heat pump dryers and thereby its introduction on 
the market on national level. 
 
Laboratory tests 
 
In autumn 2005, all 6 heat pump dryers available on the Swiss market as well as 3 air condenser 
dryers were tested in the laundry drying laboratory Zurich-Seebach. The assigned Swiss Agency for 
Efficient Energy Use (S.A.F.E.) examined whether the heat pump dryers hold in practice, what the 
manufacturers promise. The results served the manufacturers as feedback for their products and 
formed at the same time technical bases for the promotion campaign of heat pump dryers by Zurich 
Municipal Electric Utility (see chapter rebate program). 
Declared energy consumption and drying duration as well as special power ratings were examined 
such as humidity delivery, half loading and behaviour with 15°C ambient temperature. Besides the 
practical performance characteristics were judged like manual, programming, handling, filter cleaning 
and maintenance. The tests were accomplished, so far applicably, in accordance with EN 61121, but 
still with 70% initially moisture, to comply with declaration figures of 2005. In order to keep cost 
acceptable, the numbers of processes executed was reduced. Details to test conditions and test 
program see www.energy-efficiency.ch [5]. 
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Measurements: Heat pump dryers
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Measurements of 5 heat pump dryers 
 
The results of the tests were positive: 
• The manufacturer’s declarations for energy consumption and drying periods were correct. 

Tolerances of the labelling directive seem to be used in order to declare good figures. 
• The leakage of water vapour into the room was around 20%, which is significantly lower than by 

conventional dryers. Heat pump dryers cause therefore fewer problems with humidity in flats and 
laundries. 

• At partial load (50%) the specific energy consumption is clearly higher, with heat pump dryers as 
well as air condenser dryers.  

• With an ambient temperature of 15°C all tested machines behave differently: among other things 
the energy consumption does not increase, the drying duration is very different. The change of 
these values is of interest, because the location of dryers particularly in older buildings is often in 
the basement and deep ambient temperatures below 15°C are quite frequent in winter. 

• All machines were simple to handle. 
 

Measurements: Heat pump dryers
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Some models have high stand-by-losses (in the 
modes OFF and after end of duty cycle) 
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Energy label scheme for dryers 
 

 
Energy label tumble dryers 
 
The actually valid energy label scheme begins with a class A threshold at 0.55 kWh/kg for condenser 
tumblers (figures at 70% initial moisture EN 61121; now the change to 60% gives lower figures). As 
lately condenser tumblers classified "B" appeared, consumers may appreciate "B" as fairly efficient, 
while in reality there is a great difference of still up to 40% to "A" class heat pump devices (> 4 
classification steps!). To overcome confusion the scheme should be shiftet as to represent the 
differences. In the graphic "new 1" shows a shift of 2 steps, which results in some available tumblers 
in "A", while at "new 2" with 3 steps no appliance will reach "A" at present (best is a Swiss heat pump 
drying case at 0.3 kWh/kg without tolerance). 
 
On-site experiences 
 
Evaluation of references 
The first heat pump dryer launched 2001 in Switzerland was a model for semi-professional use with a 
capacity of 6 kg. By order of the city of Zurich the satisfaction and experiences with these machines 
were raised with a question catalogue in summer 2003 with eight reference addresses. Altogether 30 
machines were included by multi-family residences, a nursing home, an indoor swimming pool and a 
hairdresser shop. 
Except of the evaporator, that fluffs, and easily increased maintenance of the filter, the experiences of 
the operators with the heat pump dryers were positive [6]. 
 
On-site investigation of usage properties 
The satisfaction with heat pump dryers was examined at the beginning of 2005 a second time. The 
usage properties were investigated on-site and discussed in two workshops of experts, manufacturers 
and professional landlords. The workshops took place in Zurich, one in a laundromat, in which six 
heat pump dryers are in use since 2001, as well as in a multi-family residence with shared laundry 
with heat pump dryer. 
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Experts, manufacturers and professional landlords meet in 
a laundromat in Zurich to discuss about practice fitness of 
heat pump dryers, 2005 
 
Both interviewed professional landlords were very content with their heat pump dryers. They judged 
their application in particular for new buildings and suitable laundry areas as meaningful. They saw 
optimization need with the filter cleaning and the yet difficult understandable pictograms concerning 
filter cleaning and error messages. Generally existed the desire for simply operated dryers, which 
meet the hard requirements in laundromats and little appropriate operation. The manufacturers 
integrated these conclusions for optimisations of their products [7]. 
 
Economy of heat pump dryers 
 
The Swiss listed prices of heat pump dryers for residential use are between 1860 and 2190 € and for 
semi-professional use, for example for the use in multi-family residences with shared laundry, as is 
frequent in Switzerland (one machine for approximately five flats), between 4200 and 4370 € (rate of 
exchange: 1.5). However, the sales prices can be below to 30% of the listed prices. They are however 
still a bit higher than for conventional air vented dryers respectively air condenser dryers. 
 
For the calculation of economy (cost over life time) the following assumptions were met: 
• sales prices: 30% of the list prices 
• costs of the electricity consumption in accordance with standard values of the EU classifying, 

during a utilisation period of 15 years 
• residential use: 800 kg / year respectively 12'000 kg / 15 years; semi-professional use: 5'000 kg / 

year (approx. 20 wash courses per week) respectively 75'000 kg / 15 years 
• electricity tariff: 0,15 € per kWh 
 
As the calculations show (see diagrams below), heat pump dryers are economical. Within models for 
residential use the higher sales price by heat pump dryers is made up by savings of energy costs. 
Within the semi-professional heat pump dryers the cost savings are considerable. Impressive is the 
influence of the efficiency class on energy costs, because the electricity costs are over the whole life 
span of the appliances often clearly more expensively than the machine itself. Lower sales prices of 
inefficient machines with EU Energy Label C are very often paid with several times higher energy 
costs - and this over the whole life span of the machines. 
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Residential use: Cost comparison between heat pump dryers (EU 
Energy Label A) and conventional, inefficient dryers (EU Energy Label 
C) 
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Semi-professional use: Cost comparison between heat pump dryers 
(EU Energy Label A) and conventional, inefficient dryers (EU Energy 
Label C) 
 
Consulting the City of Zurich 
During the elaboration of its strategy for the future procurement of dryers, the city of Zurich looked for 
advice. Consulting bases regarding heat pump dryers compiled on recommendations [8], that were 
formed from the evaluation of references and on-site investigations, as well as the calculations of 
economy. 
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The recommendations regarding heat pump dryers and economy calculations convinced the city of 
Zurich. Since 2003, the city of Zurich officially favours heat pump dryers. The city of Zurich, the largest 
Swiss city with 360'000 inhabitants, is owner of about 10’000 flats and therefore is a large buyer of 
appliances. This will contribute substantially to the spreading of heat pump dryers in Zurich. One step 
was the installation of 30 heat pump dryers for about 150 flats in the new building Werdwies, Zurich, 
in spring 2006. 
 
Dissemination 
 
Since end of 2005 various articles have been published about the efficient heat pump dryers in the 
relevant consumer magazines Saldo [9] and K-Special [10] as well as in the official organ of the Swiss 
federation of the real estate economy Immobilia [11]. For the middle of 2006 a further article is 
planned in the WWF magazine. Main messages of the articles were: Halving of the electricity 
consumption, indulgence of the laundry owing to lower operating temperature, influence of spinning 
with high revolution in the washing machine, differences of heat pump dryers versus conventional air 
vented dryers and air condenser dryers, economy, smaller output of CO2 respectively the protection of 
clima and environment and where one can find these appliances (www.topten.ch). 
For professional purchasing of domestic appliances, Zurich published in 2004 a guideline, which 
shows, how large buyers can profit when looking for energy efficient products, such as heat pump 
dryers [12]. 
 
Rebate programme 
 
On the demand side, the Swiss Agency for Efficient Energy Use (S.A.F.E.) in cooperation with the 
Zurich Municipal Electric Utility (ewz) started an important promotion campaign for energy-efficient 
dryers: End of 2005 ewz launched a rebate program, to promote heat pump dryers effectively.  
Until autumn 2008 respectively until the credit is exhausted, the purchase of a heat pump dryer is 
supported. Customers of ewz receive 200 € for models for residential use and 400 € for models for 
semi-professional use, hence the extent of utilization is larger than with models for residential use. 
The rebate is restricted on dryers which correspond to the EU Energy Label A and which are specified 
on the continuously updated list of www.topten.ch (the independent online search tool on energy-
efficient appliances,).  
Statistic evaluations of the rebate programm can not yet be presented, but first estimates by ewz 
show, that the rebate programme started very well and successful [13]. 
With a budget of 160’000 € Zurich Municipal Electric Utility estimates to economise 5 million kWh in 
the city of Zurich. However, the impact will be much larger as the dissemination activities of the 
programme influence the whole Swiss market and the range of products of Swiss and even European 
manufacturers will be improved. The national program Swiss Energy will support this campaign on a 
national level and hopefully manufacturers and EU-projects as EuroTopten will promote this efficient 
technology also on European level. 
 
Conclusions 
 
Heat pump tumble dryers yield a huge potential in energy saving and soft treating of the wash. 
Furthermore, waste heat and humidity loss to the operation room are significantly lower compared to 
air condenser dryers, and there is no smelling and steaming exhaust air as of conventional air vented 
dryers. The models tested by S.A.F.E. fully match the manufacturers' promises and are easy to 
handle. Life cycle costs are hardly higher than with conventional dryers and even significantly lower in 
the case of semi-professional use – due to 50% energy savings. 
Supposed that 10% of the annually sold approximately 5 million tumble dryers would be high-efficient 
heat pump dryers (500'000 units), this would save in Europe between a 130 million kWh and a 160 
million kWh (preconditions: see chapter Economy of heat pump dryers). This corresponds to annual 
savings between 53'000 tons and 64'000 tons of CO2 (electricity generation mix: 400g CO2/kWh). 
In view of the large saving potentials in energy and CO2 as well as the positive deployment of sales 
and demand in Switzerland, in particular of the city of Zurich, we suggest supporting measures: 

• Revision of the EU labelling scheme for tumble dryers. The energy efficiency values of heat 
pump dryers are much better than the A-limit value of the EU Energy label for tumble dryers, 
while the most conventional and wide-spread air vented and air condenser tumbler are 
classified C. As lately condenser dryers classified "B" appeared, consumers may appreciate 
"B" as fairly efficient, while in reality there is a great difference of up to 40% to "A" class heat 
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pump dryers. To overcome confusion the scheme should be shiftet as to represent the 
differences. The new classification scheme would also give manufacturers incentives to 
further develop efficiency of dryers. 

• Dissemination of basic information and procurement recommendations on heat pump dryers 
for energy agencies and other relevant bodies. The individual countries should create 
strategies, promotion programs and campaigns according to their specific situation. 

• Energy agencies, governments, utilities, industry associations should launch supporting 
activities and rebate programmes in their areas, fitted to their individual needs. 

• Launching of an international competition for the most efficient condenser laundry dryer – 
perhaps accounting for overall economic and ecologic benefits. Different categories with 
respect to capacity and/or intensity of use may be considered. 
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Abstract 
It is reported about the prearrangements of a nationwide day of sustainable washing and dishwashing 
in Germany. The aim of this event is to sensitize consumer for the environmental and ecological 
consequences of their housekeeping practise. As basic knowledge a nationwide distributed 
questionnaire was analysed. Additionally an internet based calculator to assess energy and water 
consumptions of using washing and dishwashing machines was developed which also allowed to 
provide feedback about consumer habits and practices.  
 
 
Introduction 
 
Housekeeping is getting more and more under close scrutiny for its environmental impact. Private 
households take a big amount of the overall energy and water consumption. In addition it is of interest 
to get a closer inside in the economical aspect, which is caused e.g. by the consumption of water and 
energy. Washing and dishwashing is practised in every household and there, environmental and 
ecological consequences depend enormously on the habits of the consumer.  
A group of many stakeholders organized in the Forum ‘cleaning for the future’ (“Waschen für die 
Zukunft” – www.forum-waschen.de) has taken the task to try to reduce the environmental load caused 
by washing and cleaning processes in home.  
But, as washing and dishwashing machines are quite optimised regarding their environmental 
properties today, as seen on the high level of class A machines offered in today markets and the 
same applies for detergents, the key point to reduce the environmental load must be the consumer. 
He/she is using the machines and the chemistry in a fairly uncontrolled way. These considerations let 
the Forum to the conclusion, that it is necessary to influence the consumer in its washing and 
cleaning practise to realise the best properties of the products and to reduce the environmental 
impact from their use. 
As a consequence, many stakeholders in Germany started in 2004 for the first time to organize a 
nationwide activity of a Sustainable Washing Day (10th of May), dedicated for contacting the 
consumer and informing him on the right way of doing its laundry or cleaning the dishes. This day is 
celebrated in 2006 the third time. 
As supporting measure, questionnaires regarding washing behaviour and practices were developed 
and spread out during all these activities. Additionally an internet based calculator to assess energy 
and water consumptions of using washing and dishwashing machines was developed which also 
allowed to provide feedback about consumer habits and practices. 
 
Investigation Setup 
 
Questionnaire 
The questionnaire includes questions regarding general washing habits, for example which 
detergents are used, loading habits and washing frequency. Also there are questions concerning the 
satisfaction with the washing result. More then 2000 filled questionnaires were collected in 2004 and 
more than 3500 in 2005 and all were analysed. Although they have not been collected under 
representative conditions, the age distribution e.g. is quite similar to German household leader age 
distribution. 
 
Washing and dishwashing calculators 
The calculator is internet based (www.aktionstag-nachhaltiges-waschen.de) and gives possibility to 
compare costs for operating washing and dishwashing machines of different age using the actual 
costs of water and energy the consumer has. The calculation is based on average data for washing 
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machines as measured by Stiftung Warentest the last 30 years. The consumer input to the calculation 
(age of machine, individual costs, washing frequency) can be forwarded to the University of Bonn, 
where data gets collected and analysed. By today, only the washing machine calculator feedback is 
available. 1484 datasets were dispatched in 2005 and could be analysed. In the age distribution here 
younger people are over-represented. 
 
Results 
 
Questionnaire 
Satisfaction 

 
Figure 1: Satisfaction with the washing result  
 
Almost 60% are always satisfied with their washing result. But still 30% are sometimes not fully 
satisfied with the washing result. Only 3% do not care about the result. As Fig. 2 shows, and as an 
interesting result, many people who are not satisfied with the washing result wash these items again. 
Also those people who stated before, that the washing result is not important to them sometimes take 
the pieces to a second washing cycle. Nearly 15% use the clothes whether it is clean or not. And only 
a small amount calls a hotline or would do something else. 
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Figure 2: Chosen solution if dissatisfied with the washing result 
 
 
General washing habits 
 

 
Figure 3: Washing habits (sorting, temperature) 
 
Two of three of the asked households stated that they sort their clothes with regard of the colour. Dark 
colours get separated from light-coloured peaces. Furthermore care symbols are taken into account. 
As shown in Fig. 3 40% do the washing with 60°C, another 35% does use 40°C because they think 
this would be enough to the effort. Nearly 30% sometimes still wash with 90°C and even 13% use 
90°C in regular. 
As to the filling habits (Fig. 4) 43% answered that they don’t fill the machine to the top because the 
result would be better than. 27% do not take care of the filling, but fill as much in the machine as 
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clothes are given. Nearly 23% try to fill the machine to the top and even 6% weigh the loading before 
filling. 

 
Figure 4: Loading habits 
 
Detergent use 
About two out of three households store all-purpose, colour and delicates detergents. 20% have only 
all-purpose and colour detergents for use, and another 14% do only use all-purpose detergents to do 
there washing. 
Answering the question of dosage practice (Fig. 6), one third answered that the dosage is chosen on 
manufacturers’ advice. 30% take a little less than the advice states because they are convinced that 
this would last. Guessing the amount of used detergent is practiced by 18% and 12% use always the 
same amount of detergent. 
 

 
Figure 5: Choice of detergent 
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Figure 6: Use of detergent 
 
 
Internet based calculator to assess washing costs 
In the following results of the Internet based calculator assessed data are presented.  
 

 
Figure 7: Average washing temperature 
 
As Fig. 7 shows, 38% of all washing cycles are done with 40°C, followed by 31% done with 60°C. 
Anyhow, still 6% of all washings are done with a 90°C program. The average temperature of all given 
data is 47°C at an average of 4,5 cycles per week (whereby the amount of cycles highly depends on 
the household size and can reach up to 16 cycles per week).  
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Figure 8: Age of washing machines 
 
With this calculator consumer have the possibility to compare costs of old and new washing 
machines. The average age of washing machines was 7,8 years, whereby 30% were above 10 years 
old and even 10% were older than 15 years. 
 
Internet based calculator for dishwashing costs 
The following pictures demonstrate the calculator as to be found under www.aktionstag-nachhaltiges-
waschen.de. There are two kinds of calculators, one to assess dishwashing costs with an automatic 
dishwasher (amongst others depending on the age). The other one calculates the costs for hand 
dishwashing as well and gives recommendations how to improve the costs. 
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Conclusion 
 
Despite a high general level of satisfaction with the wash result, items are frequently washed several 
times because they were not clean after the first wash. This shows the high potential to reduce 
energy, water and detergent consumption by avoiding repeated washes. Many households do not 
practise sustainable wash behaviour because they still use a boil wash programme too frequently 
(28%), use a pre-wash (7.5%) or an old washing machine with a reduced wash performance. They 
also sometimes still do not have required knowledge or don‘t care about the wash result. However, 
the results picture clearly that more information is required about the need and opportunities for 
sustainable washing. 
The calculator for dishwashing costs will provide data comparable to the above presented results of 
the washing cost calculator. It will be possible to reach a big amount of households and therefore 
interesting results will be delivered. With this data in future recommendations can be given in a more 
detailed way and will be pronounced by consumer organizations. This will be another step to educate 
consumer to act sustainable and to take responsibility for environmental development in their 
everyday life. 
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Abstract 
This book contains the Proceedings of the 4th  International Conference on Energy Efficiency in Domestic 
Appliances and Lighting, London (UK), 21-23 June 2006. The EEDAL’06 conference has been very 
successful in attracting an international audience, representing a wide variety of stakeholders involved in 
policy implementation and development, research and programme implementation, manufacturing and 
promotion of energy efficient residential appliances and lighting. The international community of 
stakeholders dealing with residential appliances and lighting gathered to discuss the progress achieved in 
technologies and policies, and the strategies to be implemented to further this progress. 
EEDAL'06 has provided a unique forum to discuss and debate the latest developments in energy and 
environmental impact of residential appliances and installed equipment, and lighting. The presentations 
were made by the leading experts coming from all continents. The presentations covered policies and 
programmes adopted and planned in several geographical areas and countries, as well as the technical 
and commercial advances in the dissemination and penetration of energy efficient residential appliances 
and lighting. 
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