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Abstract

The EU GPP criteria for road lighting and traffic signals aim to address the key
environmental impacts associated with the design, installation and operation of these
systems. For road lighting, the criteria are broadly split into three parts: energy
consumption, light pollution and durability aspects.

From an LCA perspective, the main environmental impact was found to be related to
energy consumption during the use phase. This impact can be reduced in a number of
ways, by using luminaire and light source combinations with a high luminous efficacy, by
dimming during periods of low road use and by selection of the lowest necessary light
class for roads to prevent unnecessary over-lighting in the first place.

Light pollution is another environmental impact of particular relevance to road lighting
and traffic signals which is not well addressed by LCA methodologies. In order to reduce
the potential for light pollution, EU GPP criteria are proposed based on upward and
horizontal light output ratios. Furthermore, limits on Correlated Colour Temperature and
blue light output are proposed in order to address concerns about annoyance and
ecological light pollution respectively.

The durability of light sources and fittings is not only important to environmental impacts
but also to life cycle cost. Consequently, the EU GPP criteria set requirements for
minimum warranties, ingress protection, control gear failure rates and reparability - in
order to ensure that lighting equipment in winning tenders is of sufficient quality and
able to deliver a prolonged service life.

The implementation of these criteria should also help procurers understand better about
aspects that should be considered in road lighting system design (e.g. maximum lighting
level, dimming capability), the actual products they are procuring (requirements on
provision of instructions and labelling), to keep accurate information about their
infrastructure (requirement on asset labelling) and to monitor lighting system
performance (requirements on metering and AECI).

Overall, a good understanding of road lighting and traffic signal systems and the use of
suitable technical specifications in Invitations to Tender should help ensure that the twin
benefits of lower environmental impacts and lower life cycle costs for public authorities
can be obtained.



1. Introduction

Public authorities' expenditures in the purchase of goods, services and works (excluding
utilities and defence) constitute approximately 14% of the overall Gross Domestic
Product (GDP) in Europe, accounting for roughly EUR 1.8 trillion annually (EC, 2016).

Thus, public procurement has the potential to provide significant leverage in seeking to
influence the market and to achieve environmental improvements in the public sector.
This effect can be particularly significant for goods, services and works (referred to
collectively as products) that account for a high share of public purchasing combined
with the substantial improvement potential for environmental performance.

Green Public Procurement (GPP) is defined in the Commission's Communication "COM
(2008)400 - Public procurement for a better environment” as "..a process whereby
public authorities seek to procure goods, services and works with a reduced
environmental impact throughout their life cycle when compared to goods, services and
works with the same primary function that would otherwise be procured.”

Therefore, by choosing to purchase products with lower environmental impacts, public
authorities can make an important contribution to reducing the direct environmental
impact resulting from their activities. Moreover, by promoting and using GPP, public
authorities can provide industry with real incentives for developing green technologies
and products. In some sectors, public purchasers command a large share of the market
(e.g. public transport and construction, health services and education) and so their
decisions have considerable impact. In fact, COM (2008)400 mentions that public
procurement has the capability to shape production and consumption trends, increase
demand for "greener" products and services and provide incentives for companies to
develop environmental friendly technologies is clearly emphasised. Many examples of
what is being done with GPP can be found online, for example at the Green Public
Procurement in Action website or the GPP2020 Procurement for a low-carbon economy
website.

GPP is a voluntary instrument, meaning that Member States and public authorities can
determine the extent to which they implement it.

The development of EU GPP criteria aims to help public authorities ensure that the
goods, services and works they require are procured and executed in a way that reduces
their associated environmental impacts. The criteria are thus formulated in such a way
that they can be, if deemed appropriate by the individual authority, integrated into its
tender documents with minimal editing.

GPP criteria are to be understood as being part of the procurement process and must
conform to its standard format and rules as laid out by Public Procurement Directive
2014/24/EU (public works, supply and service contracts). Hence, EU GPP criteria must
comply with the guiding principles of: Free movement of goods and services and
freedom of establishment; Non-discrimination and equal treatment; Transparency;
Proportionality and Mutual recognition. GPP criteria must be verifiable and it should be
formulated either as Selection criteria, Technical specifications, Award criteria or
Contract performance clauses, which can be understood as follows:

Selection Criteria (SC): Selection criteria refer to the tenderer, i.e., the company
tendering for the contract, and not to the product being procured. It may relate to
suitability to pursue the professional activity, economic and financial standing or
technical and professional ability and may- for services and works contracts - ask
specifically about their ability to apply environmental management measures when
carrying out the contract.

Technical Specifications (TS): Technical specifications constitute minimum
compliance requirements that must be met by all tenders. It must be linked to the
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contract's subject matter. The ‘subject matter’ of a contract is about what good, service
or work is intended to be procured. It can consist in a description of the product, but can
also take the form of a functional or performance based definition. Technical
specifications must not concern general corporate practices but only characteristics
specific to the product being procured. A link to the subject matter can concern any
stage of the product's life-cycle, including its supply-chain, even if not obvious in the
final product, e.g., not forming a material part of the product. Offers not complying with
the technical specifications must be rejected. Technical specifications are not scored for
award purposes; they are strictly pass/fail requirements.

Award Criteria (AC): At the award stage, the contracting authority evaluates the
quality of the tenders and compares costs. Contracts are awarded on the basis of most
economically advantageous tender (MEAT). MEAT includes a cost element and a wide
range of other factors that may influence the value of a tender from the point of view of
the contracting authority including environmental aspects (refer to the Buying Green
guide (EC, 2016) for further details). Everything that is evaluated and scored for award
purposes is an award criterion. These may refer to characteristics of goods or to the way
in which services or works will be performed. In the latter case they cannot be verified at
the award stage since they refer to future events. Consequently, in these cases the
criteria are to be understood as commitments to carry out services or works in a specific
way and should be monitored/verified during the execution of the contract via a contract
performance clause. As with technical specifications, award criteria must be linked to the
contract's subject matter and must not concern general corporate practices but only
characteristics specific to the product being procured. As with technical specifications, a
link to the subject matter can concern any stage of the product's life-cycle, including its
supply-chain, even if not obvious in the final product, e.g., not forming a material part of
the product. Award criteria can be used to stimulate additional environmental
performance without being mandatory, therefore not foreclosing the market for products
not reaching the proposed level of performance but at the same time recognising the
superior performance of products that can meet a defined higher performance.

Contract Performance Clauses (CPC): Contract performance clauses are used to
specify how a contract must be carried out. As with technical specifications and award
criteria, contract performance clauses must be linked to the contract's subject matter
and must not concern general corporate practices but only those specific to the product
being procured. A link to the subject matter can concern any stage of the product's life-
cycle, including its supply-chain, even if not obvious in the final product, e.g., not
forming a material part of the product. The economic operator may not be requested to
prove compliance with the contract performance clauses during the procurement
procedure. Contract performance clauses are not scored for award purposes. Compliance
with contract performance clauses should be monitored during the execution of the
contract after it has been awarded and may be linked to penalties or bonuses under the
contract in order to ensure compliance.

For each criterion there is a choice between two levels of environmental ambition, which
the contracting authority can choose from according to its particular goals and/or
constraints:

The Core criteria are designed to allow for easy application of GPP, focussing on
the key areas of environmental performance of a product and aimed at keeping
administrative costs for companies to a minimum.

The Comprehensive criteria take into account more aspects or higher levels of
environmental performance, for use by authorities that want to go further in
supporting environmental and innovation goals.

As said before, the development of EU GPP criteria aims to help public authorities ensure
that the goods, services and works they require are procured and executed in a way that
reduces their associated environmental impacts. Criteria should focus on the products'
most significant improvement areas, resulting from the cross-check between the key



environmental hot-spots and market analysis. Criteria development also requires an
understanding of commonly used procurement practices and processes and taking on
board lessons learned from any actors involved in successfully fulfilling contracts.

For this reason, the European Commission has developed a process aimed at bringing
together both technical and procurement experts to collate a broad body of evidence and
to develop, in a consensus-oriented manner, a proposal for precise and verifiable criteria
that can be used to procure products with a reduced environmental impact.

A detailed environmental and market analysis, as well as an assessment of potential
improvement areas, was conducted within the framework of this project and was
presented in the Preliminary Report on EU Green Public Procurement Criteria for road
lighting and traffic signals. This report can be publicly accessed at the JRC website for
road lighting and traffic signals. The main findings presented in the Preliminary Report
are summarised in the next section.

Based on the findings from the Preliminary report, a first draft of the Technical Report
and criteria proposal was produced and presented at the 1% ad-hoc working group
(AHWG) meeting held in Seville on 22" November 2016. Following stakeholder
feedback, a second draft Technical Report was published and discussed during the 2™
AHWG meeting (in webinar format) on the 19™ and 21% September 2017. After
considering this second round of stakeholder feedback and following internal consultation
procedures, this final Technical Report has been produced, which presents the final EU
GPP criteria (published in Staff Working Document 494 on the 10" December 2018
SWD(2018) 494) and supporting rationale for those criteria.
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2. Summary of the Preliminary report

The Preliminary Report provides a general analysis of the product group in question,
assessing the relevance of its scope and identifying the most relevant legislation,
standards and definitions that apply. As part of the Preliminary Report, a market analysis
is also conducted as well as an assessment of the main environment impacts associated
with road lighting and the potential for technical improvements to reduce those impacts.
These aspects ensure that the Preliminary Report forms the basis for the revision and
development of EU GPP criteria in subsequent draft Technical Reports.

2.1. Scope and definitions

The scope of existing EU GPP criteria (published in 2012) for this product group covers
two different types of lighting, namely "street lighting" and "traffic signals", whose
definitions are linked to EN 13201 and EN 12368 respectively.

An initial scoping questionnaire was circulated to stakeholders at the beginning of the
project. The majority of responses supported the removal of traffic signals from the
scope based on the consideration that this would normally form a different subject
matter in procurement contracts. With regards to the scope for street lighting,
respondents generally agreed to link the definition to that of EN 13201-1. However, it
was also mentioned that aspects relating to metering and dimming controls could be
referred to, even though they are not explicitly included in the EN 13201 definition.
Power cables and poles were not considered important and can continue to be excluded
from the scope. One other comment was that the term "road lighting" should be used
instead of "street lighting" in order to ensure better alignment with EN 13201.

A number of definitions were included in the Preliminary Report that are of high
relevance to the product group and are summarised below:

a) M class road areas: for drivers of motorized vehicles on traffic routes, and in some
countries also residential roads, allowing medium to high driving speeds (for EN 13201-
1:2014 suggested associated light levels, see Figure 1).

b) C class road areas: for use in conflict areas on traffic routes where the traffic composition
is mainly motorised. Conflict areas occur wherever vehicle streams intersect each other or
run into areas frequented by pedestrians, cyclists, or other road users. Areas showing a
change in road geometry, such as a reduced number of lanes or a reduced lane or
carriageway width, are also regarded as conflict areas (for EN 13201-1:2014 suggested
associated light levels, see Figure 1).

c) P class road areas: predominantly for pedestrian traffic and cyclists for use on footways
and cycleways, and drivers of motorised vehicles at low speed on residential roads,
shoulder or parking lanes, and other road areas lying separately or along a carriageway of
a traffic route or a residential road, etc. (for EN 13201-1:2014 suggested associated light
levels, see Figure 1).

d) Adaptive lighting: temporal controlled changes in luminance or illuminance in relation to
traffic volume, time, weather or other parameters (EN 13201-1:2014).

e) Luminaire: an apparatus which distributes, filters or transforms the light transmitted from
one or more lamps and which includes, except the lamps themselves, all the parts
necessary for fixing and protecting the lamps and, where necessary, circuit auxiliaries
together with the means for connecting them to the electric supply (EN 12665:2011).

f) Lamp: a unit whose performance can be assessed independently and which consists of
one or more light sources. Therefore it may include additional components necessary for
starting, power supply or stable operation of the unit or for distributing, filtering or
transforming the optical radiation, in cases where those components cannot be removed
without permanently damaging the unit.

g) Light source: a surface or object designed to emit mainly visible optical radiation
produced by a transformation of energy. The term ‘visible’ refers to a wavelength of 380 -
780 nm.



h) Light Emitting Diode (LED): a light source, which consists of a solid-state device
embodying a p-n junction of inorganic material. The junction emits optical radiation when
excited by an electric current.

i) LED package: an assembly having one or more LED(s). The assembly may include an
optical element and thermal, mechanical and electrical interfaces.

j) LED module: an assembly having no cap and incorporating one or more LED packages on
a printed circuit board. The assembly may have electrical, optical, mechanical and thermal
components, interfaces and control gear.

k) LED lamp: a lamp incorporating one or more LED modules. The lamp may be equipped
with a cap.

1) Ballast: a device connected between the supply and one or more discharge lamps which
serves mainly to limit the current of the lamp(s) to the required value

m) Control gear: components required to control the electrical operation of the lamp(s).
Control gear may also include means for transforming the supply voltage, correcting the
power factor and, either alone or in combination with a starting device, provide the
necessary conditions for starting the lamp(s).

n) Light pollution: Several different definitions have been provide, including: (i) "any
adverse effect of artificial light including skyglow, glare, light trespass, light clutter,
decreased visibility at night, and energy waste", (Rajkhowa, 2014); (ii) "the sum-total of
all adverse effects of artificial light" (CIE 126:1997); (iii) "the introduction by humans,
directly or indirectly, of artificial light into the environment" (UNESCO, IAU and IAC);

2.2. Relevant standards

Road lighting and traffic signals are well defined by their corresponding standards EN
13201 series and EN 12368. Stakeholders expressed such strong opinions about the EN
13201 standard that it is considered worthwhile to add additional information relating to
the standard here in this Technical Report, even though it was only provided after the
Preliminary Report was published.

The technical report CEN/TR 13201-1:2014 gives guidelines on the selection of the most
appropriate lighting class for a given situation. The standard only provides
recommendations on road class definition and associated lighting levels - it is
not legally binding per se. The decision to light a road or not and, when it is decided
to light a road, the actual choice of the lighting level is to be decided by the local
authority or road authority and should respect any local or regional planning laws
and/or, where relevant, national lighting plans. In order to reduce light pollution, the
selection of the class should always be made using the principle "As Low As
Reasonably Achievable" (ALARA) at any moment of time.

The European standard EN 13201-2:2016 contains performance requirements (light
level, uniformity, glare) for different classes (M1....M6, C1....C5, P1...P6). Class M1
requires much higher light levels compared to class M6 (see Figure 1).



Luminance Illuminance Illuminance

= see road = see objects = see objects
view point: car driver view point: any view point: any
EN 13201 L,m EN 13201| E,m Emin | EN 13201 E.m Emin
Class Cd/m?2 class IX Ix class Ix Ix
CO 50
M1 2 C1 30
M2 1,5 C2 20
M3 1 C3 15 P1 15 3
M4 0,75 C4 10 P2 10 2
M5 0,5 C5 7,5 P3 7,5 1,5
M6 0,3

Figure 1. EN 13201-2 road classes and their required light levels and Mesopic vision boundary and maximum
moonlight levels for comparison

In fact, the EN 13201 lighting levels in general are considered as very high by many
stakeholders, especially for the higher class roads (i.e. M1 and CO0). One of the factors
that define a road class in EN 13201 is traffic volume (especially important in M-class
roads). Since this is a dynamic property, which will vary from hour to hour and day to
day, the recommended light levels also vary dynamically. Thus to accurately follow the
recommendations of the EN 13201 standard would require dimming controls (perfectly
compatible with LED lamps but less compatible with HID lamps).

A good example of the development of a national standard that embraces the need for
dynamic lighting levels is UNI 11248/2016 in Italy. The Italian standard makes an
allowance for reducing light levels by up to 4 classes (e.g. M1 > M5 or M2 > M6) in
periods when the traffic flow is expected to be lower.

In P-class roads especially, another aspect to consider when deciding on the appropriate
light level is the perceived sense of security. Anecdotal evidence from stakeholders
suggested that the EN 13201 recommended levels could be reduced by 30-35% without
any loss of security perception.

For reference, the light level of a full moon shining through a clear night sky is added.
The upper value of 0.3 lux is for a full moon shining directly overhead. At most European
latitudes, the maximum full moon illumination value will be closer to 0.1 lux. A number
of stakeholders considered that a full moon level of luminance should be the target level,
at least for C and P class roads, since it has been reported that pedestrians and cyclists
can still navigate at this light level. Figure 1 shows that the lowest EN 13201 lighting
threshold for P class roads is more than 6 times higher than the illuminance of a full
moon.

EN 13201 Part 3 deals with calculation of performance, Part 4 contains methods of
measuring lighting performance and Part 5 defines energy performance indicators that
are presented later in proposed EU GPP criteria. The use of standardised calculations and
methodology means that designs of different manufacturers are more comparable, which
is essential for evaluating competitive offers in procurement.



It is difficult to foresee how the lighting levels recommended by EN 13201 may evolve in
the future. The original justifications behind the choice of lighting levels have been
questioned and further debate could result in a significantly different approach being
taken (Fotios and Gibbons, 2018).

When renovating, there is the risk that an EN 13201 light class is specified that is much
higher than the lighting level that the existing installation delivers. Ideally, procurers
should be fully aware of what level of light they actually want or need and should
embrace the ALARA (As Low As Reasonably Achievable) principle when deciding on light
levels.

2.3. Market analysis

The road lighting luminaire sector is a 520 million €/yr industry that provides lighting for
some 1.5 million km of roads in the EU28 via an estimated 64 million luminaires. Around
2.38 million luminaires are sold each year in the EU28, with 2.16 million of those (91%)
being for the replacement of existing luminaires. This demonstrates the mature nature of
the road lighting sector in Europe and suggests a typical luminaire replacement rate of
29 years.

The split in lamp technology amongst existing luminaries on EU roads in 2015 was
estimated as shown in Figure 2.

M High Pressure Sodium
M High Pressure Mercury
M Low Pressure Sodium
W Metal Halide

B Fluorescent

M LED

Figure 2. Estimated split of lamp technologies in EU28 road lighting in 2015

Luminaire prices can vary strongly and especially new LED luminaires are substantially
more expensive than the average 220 euro, but the price of LED packages for use within
luminaires has decreased significantly and is expected to continue decreasing in the
future (see Figure 3).
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Figure 3. Price-efficacy trade-off for LED packages at 1 W/mm? (equiv. 35 A/lcm?) and 25°C (DOE, 2015).

The data in Figure 3 not only demonstrates the decrease in prices but also the increase
in lumen efficacy, which will result in lower operating costs for a given necessary light
output. However, in order to avoid unrealistic expectations about how low the cost of
LED luminaires will become in the future, it is worth highlighting here that the LED
package price only accounts for around 10-15% of the total cost of an LED luminaire.

When considering the split of lamp technologies in existing road lighting installations in
Europe in 2015, shown in Figure 2, and how this split will look in the near future, there
are three key points to consider:

e High Pressure Mercury lamps (HPM) have been phased out since April 2015 as
per Regulation 245/2009, so this 23% share will eventually drop to 0%.

e 2015 was a breakthrough year for LED technology in road lighting applications.
New sales of road lighting lamps and luminaires have since been dominated by
LED technology and so the current 4% share will increase significantly in the
next few years.

e Typical service lives of non-LED lamps are of the range of 2-8 years whereas LED
lamps may last >15 years.

Consequently, it is widely accepted that LED technology will quite quickly become the
dominant road lighting lamp technology in Europe.



2.4. Environmental analysis

2.4.1. LCA-modelled impacts

The environmental impacts associated with the road lighting installations have been
investigated by conducting a review of relevant LCA studies published in the literature.

Despite the many nuances that apply to LCA studies, such as the appropriate choice of
functional unit, scope and boundaries, assumed product lifetime, inventory data and the
different impact categories that can be reported on, the literature was unanimous in
showing that the use phase was the dominant source of all LCA impact categories as a
direct result of electricity consumption. This is not surprising when it is considered that
approximately 1.3% of all electricity consumed by the EU25 in 2005 (35 TWh) was by
road lighting installations.

It was also clear that the importance of the manufacturing stage is going to increase if
road lighting becomes more energy efficient and/or a low emission electricity mix is
used. The lifetime of LEDs becomes relevant because of the higher influence of the
manufacturing phase compared to more traditional light sources. All LCA studies were
done including assumptions on LED luminaire life time (>15 years). Therefore, from an
LCA perspective, the most important parameters that have to be considered in the GPP
criteria are the energy efficiency, durability and lifetime.

2.4.2. Non-LCA-modelled impacts

The main "non-LCA-modelled" impact associated with road lighting is light pollution.
While there are several different definitions of light pollution, it is clear that they all refer
to unnatural light caused by anthropogenic activities. The potential adverse impacts of
man-made light pollution can be split into the following:

e Skyglow, specifically man-made skyglow (as per CIE 126:1997) with particular
importance given to light emitted between the horizontal and 10 degrees above
the horizontal. Blue rich light scatters more in the night sky than red light and
hence can contribute more to skyglow. Blue rich light tends to have a higher
Correlated Colour Temperature.

e Obtrusive light (as per CIE 150:2003) that causes annoyance, discomfort glare or
distraction glare which can affect residents in their homes, drivers trying to look
ahead and drivers trying to read traffic signals.

e Ecological impact, in the sense that artificial lighting has been shown to affect a
wide range of behavioural traits and biological processes including metabolism,
foraging, displacement, reproduction, predator-prey dynamics and migrations,
across a large number of taxa. The spectrum of the light (visible electromagnetic
radiation) emitted may be important.

One key factor for combatting light pollution is to avoid over-lighting roads. A central
concept to consider when a lighting level has been decided for a particular road section is
that of "As Low As Reasonably Achievable" (ALARA) and this may include the
possibility to dim lights during low traffic periods.
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2.5. Technical analysis

A review of the key components and technology involved in road lighting installations
was carried out and the main points are summarised below and are related to the main
lamp technologies which are:

e Light Emitting Diodes (LEDs);

e High Intensity Discharge lamps (HID), which include Metal Halide (MH), High
Pressure Sodium (HPS) and High Pressure Mercury (HPM); Low Pressure Sodium
(LPS) and Compact Fluorescent Lamps (CFLs).

2.5.1. Ballast/control gear/drivers

The purpose of ballasts and control gears is to limit the current supplied to the lamp -
this is especially important for HID and LED lamps which cannot be directly connected to
a 230VAC source. Ballasts or control gear can be of the magnetic or electronic type. LED
lamps require electronic ballasts while HPS and MH lamps can use either electronic or
magnetic ballasts. Electronic control gears can offer better power control and lamp
ignition for HID lamps, which may be linked to improved lamp survival factors (LSF/F.s)
and lamp lumen maintenance factors (LLMF/F_v). However, the lifetime of magnetic
ballasts is very long (30-50 years possible) whereas the failure of the weakest individual
component in an electronic control gear (e.g. electrolytic capacitors) can bring about the
abrupt failure of a perfectly functioning lamp.

All ballasts for HID cause a loss of some power, which tends to be more significant when
the rated lamp power is lower and when smaller loads are applied in dimmable lamps.
Minimum ballast efficiencies have been set in the Ecodesign Regulation 245/2009 and
also in the existing GPP criteria published in 2012.

2.5.2. Dimming and control systems

Dimming of light output will always reduce the energy consumption of a lighting
installation although energy reductions are not perfectly proportional to light reductions
because of standby power needs and the operation of control circuits.

It is possible to retrofit dimming systems between an LED module and its control gear.
Besides the obvious benefits of reduced energy consumption, dimming controls allow
greater flexibility to prevent over-lighting during certain periods of the night. Another
possibility with dimming controls is to allow for overdesigned light sources to be used
with initial dimming used to prevent over-lighting from new light sources. As the light
source output gradually decreases with ageing, the dimming can likewise be decreased
to compensate for this. This is also often referred to as constant light output (CLO)
control and/or virtual power output (VPO) control.

There are several different control systems available for dimming controls. These
controls can operate independently based on a simple timer and programme or feedback
from sensors present in the installation or be linked to communication systems that
permit remote control by operators. At the more sophisticated end of the spectrum,
dimming controls and two-way communication linked to other sensors at the individual
luminaire level could play a vital role in intelligent lighting systems as part of smart city
networks.
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2.5.3. Lamps and light sources

The market analysis revealed the main lamp technologies used in road lighting (i.e. LED,
HID, MH, HPS, HPM, LPS and CFL). The key technical considerations for a particular lamp
or light source are:

e The luminous efficacy (i.e. light output divided by power consumption)

e The lamp survival factor (i.e. how many abrupt failures in a certain time)

e The lamp lumen maintenance factor (i.e. gradual reduction of light output with
ageing of the light source).

Other considerations relate to the colour rendering index and the correlated colour
temperature of a lamp but these will be presented in more detail as supporting rationale
and background research for proposed light pollution criteria later in this report.

3.5.3.1 Luminous efficacy (n)

The luminous efficacy of light sources tends to increase as the lamp rated power
increases. However, while this relationship is clear for HID lamps, it is only partially true
for LED lamps. Regulation (EC) No 245/2009 sets minimum Iuminous efficacy
requirements as a function of (i) lamp technology, (ii) nominal lamp wattage and in
some cases (iii) if the lamp is "clear" or not (i.e. if frostings or coatings are used to
reduce glare) and (iv) the colour rendering index (Ra).

The existing GPP criteria published in 2012 follow the same approach as the
requirements of Regulation (EC) No 245/2009 by setting minimum luminous efficacy
requirements in core and comprehensive criteria.

When comparing discharge lamp technologies for luminous efficacy, LPS performs very
well with 140-170 Im/W (for rated power of 26-66W), CFL produces around 81 Im/W (for
a rated power of 36W) and HPM lamps produced only 51 Im/W (for a rated power of
250W).

LED can be considered to perform well in comparison to discharge lamp technologies,
with efficacies of 100-175 Im/W for lamps and 100-140 Im/W when considering control
gear and optical losses. However, there are also poor examples of LED lamps on the
market where the luminous efficacy can be as low as 50 Im/W. One possible reason for
this was cited as the reuse of LED chips that had been rejected from high level
performance group production lines. Such concerns lend greater value to quality
monitoring schemes for LED products like ENEC+ (an independent and pan-European
third party certification scheme jointly developed by LightingEurope and the ENEC Mark
for the verification of LED-based products). Further advances in LED efficacy can be
expected to continue in the near future. A theoretical maximum efficacy of around 300
Im/W for white light is achievable with LED and it would not be unrealistic to expect
future road lighting installations to be equipped with luminaires delivering light with an
efficacy of >200 Im/W.

3.5.3.2 Lamp Survival Factor (LSF/F,s for HID lamps, Cz for LED lamps)

The terms in the title above refer to the abrupt failure of light sources. Survival factors
are expressed as decimals (e.g. 0.8 = 80% unit survival and 0.99 = 99% unit survival)
after a defined time period. The term "survival" is considered as not experiencing abrupt
failure of the lamp. Abrupt failure can be related to problems with electrical components
and circuitry or with the light source itself. An operating period of 1 year for road lighting
typically corresponds to 4000h.

Regulation (EC) No 245/2009 sets minimum LSFs for MH (0.8 at 12000 hours) and HPS
(0.9 at 12000 hours or 16000 hours depending on the rated wattage). Current BAT is
estimated to greatly exceed these minimum requirements (i.e. 0.99 at 16000 hours for
both MH and HPS).
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For LED technology the term Cz is used instead of LSF/Fs. The Cz term is also linked to
a defined time (the abrupt failure fraction as per IEC 62717). A value of C10 at 60000h
would mean that after 60000 hours of use, 10% of the lamps have failed.

Actual Cz values for the survival of LED lamps are difficult to predict due to the rapidly
developing nature of the technology but in general, LED lamps survive considerably
longer than other technologies. This has meant that predictions of LED survival have to
be based on extrapolations of test results and should not be considered independently of
failure of other components (i.e. control gear components).

3.5.3.3 Lamp Lumen Maintenance Factor (LLMF or F;,»_for HID lamps, LxBy for LED
lamps

The terms in the title above refer to the gradual decrease in light output as the light
source ages. With the LLMF/F v term, values are expressed as a decimal (e.g. 0.8 =
80%) and linked to a specific operating time. A LLMF/F_ v value of 0.85 after 16000
hours means that the light output has decreased by 15% after 16000 hours operation
purely due to ageing of the light source.

With LED technologies, the term LxBy is used instead of LLMF/F, vy and is also linked to a
defined operating time. A value of L70B50 at 50000h means that after 50000h of
operation, 50% of the LED light sources will fail to meet 70% of the initial light output.

2.5.4. Luminaires and Luminaire Maintenance Factor (LMF or
Fim)

The luminaire is the collective housing for all lamps and light sources, together with any
necessary control gear and connections. The luminaire will last longer than any of the
components it houses (with the possible exception of magnetic ballasts).

Beyond the fundamental requirement to provide a product that is safe to handle and
operate, the two primary functions of the luminaire are to:

i. Distribute the light from the lamp(s) in a manner that fits the lighting installation
design needs.

ii. Protect the lamp(s) from potentially damaging external environments (e.g. water
ingress and dirt).

The light distribution from a luminaire can be adequately assessed by the provision of a
full photometric file. The ability of the Iluminaire to protect its contents from the
environment can be assessed by a standard methodology that results in an "Ingress
Protection" (IP) rating being provided (see Annex 5.3 of Preliminary Report for more
details).

Luminaires will gradually build up a layer of dust or dirt on its housing which will restrict
light output efficacy. With normal discharge lamp technologies, because the lamp needed
to be replaced every 2-4 years, cleaning was normally carried out in conjunction with
lamp replacement. However, with longer lasting LED lamps, dedicated cleaning cycles
will need to be somehow incorporated into the maintenance schedule.

This luminaire pollution effect is taken into account with the Luminaire Maintenance
Factor (LMF or Fv) (CIE 154), frequent cleaning and a high IP rating will help to
maintain the light output and also results in energy saving. Finally, the Maintenance
Factor (MF or Fy) for road lighting is a combination of the lamp maintenance factor F v
and luminaire maintenance FLM (Fy=F_wxF.q) (CIE 154).

One key aspect to consider is the reparability (or serviceability) of an LED luminaire. The
primary distinction between a repairable and non-repairable LED luminaire is the ability
to open the luminaire with normal service tools and to remove and replace electronic
components and the lamp itself.
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3. Summary of main changes from previous TRs

The purpose of this section is to explain to readers how the draft Technical Report (TR)
evolved during the revision process.

Table 1. Comparison of criteria structure in TRs 2.0, 3.0 and 4.0.

TR 2.0

TR 3.0

TR 4.0

Preliminary sment

CPC1 - Assessment of road
lighting infrastructure and
ancillary equipment

Selection criteria

Selection criteria

Selection criteria

SC1 - Competencies of the design team

Same as TR2.0

Same as TR2.0

SC2 - Competencies of the installation
team

Same as TR2.0

Same as TR2.0

CPC1 - Assurance of adequately qualified
staff responsible for project

Same as TR2.0

CPC2 (Same as TR2.0)

Energy efficiency

Energy efficiency

Energy efficiency

TS1 - Luminaire luminous efficacy

Same as TR2.0 but with
distinction of ambition level based
on light output.

Same as TR2.0. Distinction of
ambition level based on light
output removed.

AC1 - Enhanced luminaire luminous
efficacy

Same as TR2.0

Same as TR2.0

CPC2 - Provision of originally specified
lighting equipment

Same as TR2.0

Deleted as already covered by
CPC5.

TS2 - Dimming control capability

Same as TR2.0

Same as TR2.0

TS3 - Minimum dimming performance

Same as TR2.0

Same as TR2.0

CPC3 - Dimming Controls

Same as TR2.0

Same as TR2.0

TS4 - PDI

Deleted

Deleted

TS5 - AECI

Now TS4. Same as TR2.0

Same as TR2.0

AC2 - Enhanced AECI

Same as TR2.0

Same as TR2.0

TS6 - Metering

Now TS5. Same as TR2.0

Same as TR2.0

TS 6 Power Factor

CPC4 - Commissioning and correct
operation of lighting controls

Same as TR2.0

Same as TR2.0

CPCS5 - Provision of originally specified
lighting equipment

Same as TR2.0

Same as TR2.0

CPC6: Compliance of actual energy
efficiency and lighting levels with design
claims

Same as TR2.0

Same as TR2.0

Light pollution

Light pollution

Light pollution

TS7 - Ratio of Upward Light Output

Now TS6. Same as TR2.0 plus
flux code requirement

Now TS7. Same as TR 3.0. Flux
code reg. now comp. only.

TS8 - Ecological light pollution and
annoyance

Now TS7. Same as TR2.0 plus G-
Index requirement

Now TS8 and just about
annoyance (CCT).

Now TS9 and just about
ecological light pollution and (for
comp. level, star visibility).

Lifetime

Lifetime

Lifetime

TS9 - Provision of instructions

Same as TR2.0

Same as TR2.0

TS10 - Waste recovery

Same as TR2.0

Same as TR2.0

CPC7 - Commitment to waste recovery
and transport to suitable sites

Same as TR2.0

Same as TR2.0

TS11 - LED lamp product lifetime, spare
parts and warranty

Same as TR2.0

Same as TR2.0 but reference to
IEC 62722 and 63013 removed.

AC3 - Extended warranty

Same as TR2.0

Same as TR2.0

TS12 - Reparability

Same as TR2.0

Same as TR2.0 but reworded.

TS13 - Ingress Protection (IP rating)

Same as TR2.0

Same as TR2.0

TS14 - Failure rate of control gear

Same as TR2.0

Same as TR2.0

TS14 - Labelling of LED
luminaires

Now TS16. With G-Index added
to list.

Traffic signals
TS1 - Life Cycle Cost

CPC8 - Labelling of LED
luminaires
Traffic signals
Same as TR2.0

Same as TR 3.0.

Traffic signals
Same as TR2.0

AC1 - Lowest Life Cycle Cost

Same as TR2.0

Same as TR2.0

TS2 - Warranty

Same as TR2.0

Same as TR2.0 but reference to
IEC 62722 and 63013 removed.

AC2 - Extended warranty

Same as TR2.0

Same as TR2.0

AC3 - Dimming controls
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From TR 1.0 to TR 2.0

The main differences between TR 1.0 and TR 2.0 can be explained both at the level of
the criteria structure and at the level of the criteria content.

In TR 1.0, criteria were grouped by project stage (e.g. design, installation, lighting
equipment etc.) whereas now they are grouped by criteria area (i.e. selection criteria,
energy efficiency, light pollution and lifetime).

The scope was reworded to specifically exclude certain applications such as tunnel
lighting and car parks, which are covered by specific technical standards.

With selection criteria, the main change was that requirements were detailed better in
TR 2.0 and set to apply to the person from the contractor who signs off the project (i.e.
takes responsibility). It was considered unfair to set minimum requirements for all staff
working for the contractor as it would limit opportunities for new staff to get involved. A
CPC was inserted to make sure that the competencies are actually available within the
contractor team to cover cases when staff changes between the award of the contract
and execution of the works may occur.

The approach to PDI and AECI was completely reworked and a new way of linking
luminaire efficacy, maintenance factor and utilance was established that would allow for
a simplified calculation of PDI. No actual reference values were set for PDI as it was left
up to the procurer to define this (it would be influenced by factors such as road width
and luminaire efficacy).

For luminaire efficacy, the major change was to move away from a single fixed value to
a reference value that would be raised every 2 years in order to reflect the continuing
improvements in LED luminaire efficacies.

With regards to light pollution, in TR 1.0 requirements were set for RULO <1% and, for
comprehensive level, that CCT would be <3000K and CRI <70. In TR 2.0, the RULO
requirements were tightened to 0% and CCT was set at <3000K (core) or <2700k
(comprehensive). Furthermore, a Ilimit of blue light output was set for the
comprehensive criterion. A greater emphasis on dimming was evident in TR 2.0 by not
just requiring compatibility with dimming but to actually install dimming controls (except
under limited circumstances).

With lifetime criteria, the warranty of 10 years set out as a TS in TR 1.0 was split into a
shorter warranty TS in TR2.0 but complemented by an AC for longer warranties - which
would allow those producers offering longer warranties to be more competitive.

The award criterion for life cycle costing was removed because, depending on how
financial offers are submitted, it could result in double rewarding of the cheapest offer.
In any case, it is recommended that the basis for any investment in lighting installations
should be supported by a strong case for delivering lower life cycle costs than a business
as usual scenario.

From TR 2.0 to TR 3.0

The main differences between TR 2.0 and TR 3.0 were related to the nuancing of
ambition levels for luminaire efficacy (lower ambition level for low power LED
luminaires), the removal of a dedicated criterion for PDI (now simply a table of reference
PDI values is provided), a new requirement for CIE flux code #3 being at least 95 (to
encourage better luminaire shielding that reduces risk of glare and skyglow and may
improve the actual maintenance factor) a different requirement relating to blue light
content (the G-Index is proposed because CCT is not a perfect measure of blue light)
and the requirement for labelling of LED luminaires (to ensure that public authorities can
keep track of installed LED infrastructure as the technology continues to evolve rapidly).
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From TR 3.0 to TR 4.0

A number of changes have been incorporated into TR 4.0 based on feedback received
during the written stakeholder consultation. The main changes are summarised below.

An improved explanation of the different types of work which are relevant to the
application of these GPP criteria has been provided in this chapter.

With the Iluminaire efficacy requirements in chapter 7, a reassessment of the
LightingFacts database, focussing especially on the data from 2016-2018, has shown
that there is no statistically significant relationship between light output and LED
luminaire efficacy. Results for low powered lamps were predominantly associated with
much older data (and thus less efficient data). The new analysis therefore contradicts
the conclusion reached following the data analysis in TR 3.0 and justifies the removal of
any nuancing of luminaire efficacy ambition level as a function of light output. The tiered
approach to increasing the ambition level remains in place with core level being set at
120 Im/W in 2018-19 and comprehensive level being set at 130 Im/W in 2018-19. The
ambition levels then increase by 17-18 Im/W every two years.

The reference PDI values (and thus the AECI reference values) have changed slightly
due to some adjustments to the utilance factors associated with both core and
comprehensive level.

The reassessment of the LightingFacts database clearly showed that warmer LED with
CCT <2700K is significantly less efficacious than LED >2700K (about 20 Im/W lower (ca.
20%). Consequently, if lower than 2700K light sources are specified, the luminaire
efficacy or AECI criteria should be revised downwards by at least 20%.

Decorative luminaires appeared to show an even greater energy penalty (about 30-45
Im/W lower, or ca. 30-45%) than low CCT light sources but this observation was mainly
due to pre-2017 data. Looking at the 2017 and 2018 data only, there seems to be no
significant distinction between the efficacies of standard and decorative luminaires.
Consequently, it is no longer recommended to exempt decorative luminaires from the
criteria relating to luminaire efficacy or AECI.

With regards to light pollution criteria, the RULO criterion (TS6) has been reworded to
make it clear that the 0.0% limit applies to the luminaire in the position in which it is to
be placed, whether that is horizontal to the road surface or with a tilt angle.

The criterion for "Ecological light pollution and annoyance" (TS7), which contained an
"and/or" approach to CCT and the G-Index has been split into two parts:

e TS7: Annoyance (with a requirement on CCT and suggestions on dimming - since
these are both directly related to the perception of humans).

e TS8: Ecological light pollution (with a requirement on the G-Index and
suggestions on dimming - since these are both directly related to impact on
nocturnal species).

With lifetime criteria, the term B, has been removed from requirements relating to LB,
since Ly is the most important aspect. For the same criterion, testing according to IEC
standards for projected data has been removed from the assessment and verification
text since this is no agreed procedure is in place for extrapolating the data. The term L,
has been removed from the L,C, requirements since it is considered redundant. These
changes have also been applied to the equivalent criteria for traffic signals.
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4. Scope of criteria

Stakeholder discussion

Initial stakeholder input about the scope was received in the form of responses to the
initial scoping questionnaire. Some of the main findings were:

Table 2. Summary of responses from questionnaire (16 responses)

Scoping question Yes | No | No opinion
Should the scope continue to be aligned with EN 13201? 9.5 5.5 1
Should the scope continue to include traffic signals? 4 4 8
Should there be specific criteria for LED retrofit situations? 10 6 0
Should there be criteria for poles? 3 12 1
Should there be criteria or power cables? 1 11 4
Should there be criteria for metering or billing? 10 5 1
Should there be specific criteria for LED luminaires? 15 1 0

A minority of stakeholders wanted to extend the scope of the product group beyond EN
13201 to include other applications such as parking lots and other areas in commercial
and industrial zones. However, when discussing issues such as the calculations for PDI
and AECI values for energy efficiency, it quickly became apparent that it would be
complicated to set particular ambition levels for energy efficiency for these types of
lighting installations.

Some stakeholders criticised the alignment with EN 13201 in the scope because they felt
that the standard encourages over-lighting of roads when compared to current typical
practice in many EN Member States. However, JRC emphasised that the alignment of the
scope with EN 13201-2 does not in any way imply that the EN 13201-1 guidance for
setting lighting levels for each road class are to be followed or complied with by
procurers who wish to apply the EU GPP criteria. EN 13201-1 simply provides guidance
for how to define what class of road you have and then suggests minimum lighting levels
for each road class. The choice of lighting levels is ultimately up to the procurer and will
be influenced by local, regional or national planning rules. Lighting levels will always be
nuanced by site specific factors such as the need for vertical lighting and facial
recognition, pole heights, the use of decorative luminaires in residential areas and
historical areas and the potential for obtrusive light. The JRC encourage that procurers
wishing to follow the EU GPP criteria follow the ALARA (As Low As Reasonably
Achievable) principle when deciding on required lighting levels.

Most respondents had no opinion on whether to include traffic signals in the scope or
not. All specific comments from respondents on this matter are presented below:

Table 3. Comments about traffic signals received from respondents

For traffic signals in scope Against traffic signals in scope
Yes, sadly, there still seems to be a market for | I would remove traffic signals as street lighting
halogen traffic signals among municipalities, | is quite different area.
perhaps due to controls or some other | Yes, it would be better to have specifications for
factor. This also allows for a detailed review | street lighting in one (standing alone) document
and further improvement in the criteria, | because of different technical system.

including for example efficacy, materials, | Too many documents will increase the
lifetime and so-on which would no longer be | complexity and make it harder to keep the
addressed if they were taken out of scope. document actual.

Discussions with stakeholders during the project so far have revealed that experience of
the group is almost exclusively with road lighting applications instead of traffic signals.
While it was quite clear that traffic signals is a separate area of expertise from road
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lighting and that the background research for one is not automatically valid for the
other, the impacts associated with energy consumption of traffic signals was not
insignificant (see C40 cities and COMPETENCE references). This fact, coupled with the
knowledge that there is no other product group where traffic signals would be included in
the foreseeable future led to the decision to keep traffic signals in the scope.

Other feedback revealed that there was a strong demand for criteria specifically about
LED luminaires and that there should be no criteria for poles and cables. There was also
a reasonable level of support to include criteria for metering and for LED luminaire
retrofit situations. New criteria have been proposed for LED luminaires and metering.

The evolution of scope proposals for the product group in versions 1.0, 2.0, 3.0 and 4.0
of the TR are presented in Table 4 below.

Table 4. Scope for existing EU GPP criteria

Road lighting and traffic signals | Road lighting
Technical report 1.0 (October 2016)
Road lighting: fixed lighting installation intended to provide good visibility to users of outdoor public
traffic areas during hours of darkness to support traffic safety, traffic flow and public security
according to standard EN 13201-2 road classes on road lighting including similar applications as used
for car parks of commercial or industrial outdoor sites and traffic routes in recreational sports or
leisure facilities”

Traffic signals: red, yellow and green signal lights for road traffic with 200mm and 300mm roundels
according to EN 12368. Portable signal lights are specifically excluded.

Technical Report 2.0 (July 2017)

Road lighting: In accordance with EN 13201-2, the term road lighting refers to fixed lighting
installations intended to provide good visibility to users of outdoor public traffic areas during hours of
darkness in order to support traffic safety, traffic flow and public security.

Specifically excluded are lighting installations for tunnels, toll stations, canals and locks, parking lots,
commercial or industrial sites, sports installations, monuments and building facades.

Traffic signals: red, yellow and green signal lights for road traffic with 200mm and 300mm roundels
according to EN 12368. Portable signal lights are specifically excluded.

Technical Report 3.0 (March 2018)

Road lighting: The scope of these criteria covers the procurement of lighting equipment for road
lighting in new lighting installations, for retrofitting of existing lighting installations, or the
replacement of light sources, lamps or luminaires on a like-for-like basis in existing lighting
installations.

In accordance with EN 13201-2, the term road lighting refers to fixed lighting installations intended to
provide good visibility to users of outdoor public traffic areas during hours of darkness in order to
support traffic safety, traffic flow and public security.

Specifically excluded are lighting installations for tunnels, toll stations, canals and locks, parking lots,
commercial or industrial sites, sports installations, monuments and building facades.

Traffic signals: red, yellow and green signal lights for road traffic with 200mm and 300mm roundels
according to EN 12368. Portable signal lights are specifically excluded.

Technical Report 4.0 (June 2018)

Road lighting: The scope of these criteria covers the procurement of lighting equipment for road
lighting in new lighting installations, for retrofitting of different luminaires to existing lighting
installations, retrofitting of different light sources to existing luminaires or the simple replacement of
light sources, lamps or luminaires on a like-for-like basis in existing lighting installations.

In accordance with EN 13201-2, the term road lighting refers to fixed lighting installations intended to
provide good visibility to users of outdoor public traffic areas during hours of darkness in order to
support traffic safety, traffic flow and public security.

Specifically excluded are lighting installations for tunnels, toll stations, canals and locks, parking lots,
commercial or industrial sites, sports installations, monuments and building facades.

Traffic signals: red, yellow and green signal lights for road traffic with 200mm and 300mm roundels
according to EN 12368. Portable signal lights are specifically excluded.

The final scope text published in the SWD(2018) 494 is as follows:

Road lighting: These criteria cover the procurement of lighting equipment for:
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- road lighting in new lighting installations;
- retrofitting of different luminaires to existing lighting installations;
- retrofitting of different light sources or controls to existing luminaires; or

- the simple replacement of light sources, lamps or luminaires on a like-for-like basis in
existing lighting installations.

In accordance with standard EN 13201-1, the term ‘road lighting’ refers to fixed lighting
installations intended to provide good visibility to users of outdoor public traffic areas during the
hours of darkness to support traffic safety, traffic flow and public security.

It specifically excludes lighting installations for tunnels, toll stations, canals and locks, parking lots,
commercial or industrial sites, sports installations, monuments and building facades.

The following technical definitions are provided to help apply the criteria (please refer to the
technical report for details and further technical definitions):

'luminaire efficacy': ratio between luminous flux output from the luminaire (in lumens) and power
consumption (in Watts)

Traffic signals: Red, yellow and green signal lights for road traffic with 200mm and 300mm
roundels, in line with standard EN 12368, are included. Portable signal lights are specifically
excluded.

By referring to EN 13201-1 in the product group scope, it is implied that all of the road
classes defined therein are included. The standard splits roads into three broad classes
(M, C or P) and grades (e.g. M1-M6, C0-C5 and P0-P5) based on the main types of road
user, the volume of traffic, speed limits for vehicles and road geometries.

4.1. Different applications for road lighting criteria

All municipalities and road authorities require road lighting to some degree and public
procurement activities may cover one or more of the following areas:

a. New installation: Where a lighting installation is put in place for a newly
built outdoor public traffic area (road or pathway).

b. Refurbished installation: Where the number of poles, the pole
positioning and luminaire/light sources of an existing lighting installation
are significantly modified for the lighting of an existing outdoor public
traffic area.

C. Luminaire retrofit: Where the existing poles and wiring remain in place
but existing luminaires are removed and replaced with new luminaires
(and usually new light sources too). (If the new luminaires have a different
power rating than the old luminaires, then changes to the power supply
components external to the luminaire may also be necessary).

d. Light source retrofit: Where the existing poles and luminaires remain in
place but lamps/light source are removed from the luminaires and
replaced with a different type of lamp/light source. (If the new lamp/light
source has a different power rating than the old lamp/light source, then
changes to the power supply components within or external to the
luminaire may also be necessary).

e. Lighting control retrofit: Where the existing light sources, lamps and
luminaires remain in place but additional controls are installed (e.g. for
dimming, for constant light output, daylight monitors, for remote data
reporting or switches linking to motion sensors). Lighting controls may
also be added as part of luminaire or light source retrofits.

f. Lamp replacement: Where existing lamps are replaced on a like for like
basis.
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For new installations, the approach is quite straight-forward in the sense that a design
will be needed which will specify the optimum placement of poles and the luminaire
mounting heights and tilt angles. When specifying luminaires and light sources, it is
enough to simply look at what are the better performing products on the market and set
the energy efficiency criteria accordingly. The design of a new system may be carried out
by the contracting authority’s in-house staff, by a street lighting contractor or by an
independent lighting designer. The installation work is usually carried out by a
contractor.

Existing installations will represent the vast majority of procurement exercises in Europe.
Due to the continual improvements in energy efficiency of LED lighting technology in the
last 5 years and rapidly decreasing costs, procurers with HID lamps in their lighting
installations are under pressure to consider alternatives (i.e. points b, c or d above)
instead of simply buying the same lamps as before to replace old ones (i.e. point e
above).

The overall approach to the EU GPP criteria is illustrated in Figure 4. In cases where the
road lighting installation already exists, the procurer is recommended to do a quick
preliminary estimation of the luminous efficacy or PDI or AECI of existing installed road
lighting light sources and/or luminaires. If the result is that the existing light sources
have a very high luminous efficacy already, this may be sufficient justification to simply
relamp the installation. However, in cases where there are doubts about the energy
efficiency of the existing installation, any relamping scenario should be costed and
checked against life cycle costs of LED retrofitting or redesigns using estimated energy
efficiency data. These preliminary assessments do not form part of the EU GPP criteria
themselves but may be of high importance to installations with a history of poor record-
keeping and management.
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Figure 4. Overview of approach to GPP criteria for the product group "road lighting"
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The preliminary assessments aim to first know how energy efficient the current
installation is and second, to determine what kind of savings (energy and cost) are
possible with the different options (i.e. redesign with new Iluminaires, luminaire
replacement or only light source/controls replacement).

As can be seen in Figure 4, there are three main options for procurement. For each
option, criteria are split into one of three groups: Energy Efficiency, Product Lifetime and
Light Pollution. Criteria in green are considered as being highly relevant, those in orange
as potentially relevant and those in blue and strikethrough as not so relevant, depending
on the situation.

The top option is the most comprehensive because a lighting design (or redesign) is
required. This option is most likely for any new roads and major renovation of existing
roads which are heavily trafficked and where speed limits and conflict areas represent a
sufficient risk to road users. In countries and regions where road lighting classes are
specified for the road in question, then a re-design will inevitably be required.

The middle and bottom options are more likely to apply to smaller roads and P class
roads (i.e. predominantly for pedestrians) with lower required lighting levels or where
minimum lighting classes and other characteristics defined in EN 13201 are not
stipulated by regional or national legislation.

The criteria for road lighting are split into three broad criteria groups: energy efficiency,
light pollution and product lifetime and durability.

For a given criteria area, minimum technical specifications and/or award criteria are
provided together with any notes that explain in what situation these should apply/not
apply. When there is an obvious need for a contract performance clause (CPC), a
suggested CPC is also provided.

Each criterion is preceded by sections about relevant background research, supporting
rationale and stakeholder discussion. Closely related criteria may be grouped together
with a common background research and stakeholder discussion.

4.2. Lighting infrastructure preliminary assessment

The lighting networks of municipalities and many road authorities have evolved in a
piecemeal fashion over several decades. The typical lifetime of road lighting poles and
some luminaires can exceed 30 years. The replacement of HID lamps is a much more
frequent operation and there are only a limited number of standard wattages available
(e.g. 50W, 70W, 110W). The replacement of individual lamps due to abrupt failures and
the gradual shift towards LED lamps of varying wattages and dimming programmes
makes it a real challenge for authorities to keep up to date with the current status of
their lighting assets.

To compound this problem, most authorities do not have dedicated metering or billing
for electricity consumed by the lighting infrastructure.

In order to optimise investment in new lighting equipment, it is crucial for the public
authority in question to have a clear understanding of existing asset performance. The
clearer this understanding, the more accurate will be any cost-benefit exercise of
different management strategies and procurement activities related to road lighting.

An overall picture is needed for the entire road lighting network as well as each sub-
installation. Basic information should be the number of light points, luminaire
specifications (efficacy, upward light output, year of installation), lamp details
(technology, rated power, CCT, model, year of installation) and auxiliary electrical
equipment (ballast/driver, dimming controls etc.).

While all public authorities will have a reasonable idea of the status of their currently
installed lighting assets, this preliminary assessment is particularly recommended in
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cases where road lighting specific metering and billing for consumed electricity is
inadequate.

The scope of this preliminary work would be limited to the existing asset assessment
alone and not be directly linked to any Invitation to Tender for the procurement of road
lighting equipment.

CPC1 Preliminary assessment of existing lighting infrastructure and
installation of dedicated metering.

(Same for core and comprehensive criteria.)

(This contract should be considered a standalone preliminary procedure. It is not directly linked
to any subsequent procurement exercises for the purchase of road lighting equipment or to the
EU GPP criteria set out later in this document. This preliminary assessment should apply only
when the procuring authority identifies the need to improve knowledge about their existing
installed road lighting assets; when there is a need to install road lighting-specific electricity
metering; or when the procurer decides not to use in-house staff to carry out this assessment.)

The currently installed road lighting assets identified by the procurer within a defined
area must be assessed for the following aspects:

e mapping of light points and assignment of unique light point ID numbers (if not
already done);

e luminaire model, efficacy, ratio of upward light output and year of installation
(where information is available);

e lamp technology, rated power, correlated colour temperature (CCT) and year of
installation;

e presence/absence of dimming controls.

The entire lighting network shall be split into sub-areas (if not already previously done
by the procuring authority) and each sub-area shall be assessed to determine if
specific metering of road lighting electricity consumption is in place.

In cases where specific metering is not in place, new meters and, if necessary, junction
boxes shall be installed.

Once the appropriate metering has been installed, records shall be kept of the
electricity consumption attributable to road lighting operation in each defined sub-
area. This information shall then be used by the procurer as a basis for any future
cost-benefit analyses when considering the procurement of new lighting equipment.

4.3. Contracting of lighting or energy services

The traditional approach to road lighting procurement has been that municipal
authorities or road authorities procure the road lighting equipment and take ownership
of the infrastructure. These same authorities take ultimate responsibility for maintenance
of the lighting assets, which is carried out either by in-house skilled staff or sub-
contractors.

The installation of new lighting poles and associated electrical infrastructure is normally a
significant cost that appears as relatively minor when included in much larger projects
such as new road construction or the development of commercial or residential areas.

However, the situation with existing road lighting infrastructure is different. The
combination of tightening public annual expenditure budgets, limited availability of
capital and the potential for major long term energy savings via significant investment in
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new LED technology has made a new procurement approach attractive: the
procurement of lighting services.

Key terminology such as LaaS (Lumens as a Service) and ESCO (Energy Services
COmpany) may be used. These types of contract tend to focus on the retrofitting of
existing installations and would, as a minimum, need to define the following aspects:

e Design light levels to be achieved, how to monitor them in-situ and actions to
take if light levels are too high or too low.

e Minimum luminaire efficacy requirements or maximum installed capacity allowed.

e Duration of the contract.

e Price per lumen on the road.

The price per lumen on the road would be the factor that is used to identify the winning
tender. For the tender to be acceptable, it would need to result in cost savings for the
public authority. A direct comparison with operating costs for the lighting installation for
the old and the new system is not completely fair. The avoided capital investment for the
public authority should ideally be factored in.

Monitoring of the in-situ light level is an important consideration because there will be a
natural incentive to dim as much as possible during curfew hours for both parties, but it
is important that the contractor must not dim to lower light levels than the procurer has
asked for without their express permission.

There are a number of specific technical factors that may, if defined by the procurer,
limit the availability of products that tenderers can choose from, potentially
compromising their ability to deliver the lowest price per lumen.

e Minimum requirements on luminaire efficacy will have an effect on the price per
lumen because there is a direct relationship between energy consumption and
price per lumen. However, too strict a requirement may result in higher prices if
more expensive lamps or luminaires are needed to meet them.

e Minimum requirements on light pollution could have a significant effect on price
per lumen because they will limit the availability of products to choose from but
not deliver any operational cost savings that can be translated into a lower price
per lumen.

¢ Minimum requirements on product durability could have some effect on the price
per lumen because they will limit the availability of products to choose from and
more durable products tend to be associated with higher quality components that
will be more expensive. However, the choice of ESCO contract duration would
have a much clearer impact than any product specific durability requirement.

Especially with any light pollution-related technical requirements, in order to continue
incorporating these in lighting or energy service-based procurement models, it would be
recommended to include these as award criteria.
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5. Selection Criteria

As stated earlier in the introduction, selection criteria apply to the tenderer and should
focus on aspects related to the capability of the tenderer to meet to the requirements of
the contract, should they be successful in the bidding process. Selection criteria
presented here focus on technical aspects.

5.1. Background research and supporting rationale
For lighting installation design teams

In order to properly design a road lighting installation, a thorough knowledge of the
current market and underlying trends, the EN 13201 standard series, lighting design
software and installation practices is needed. Furthermore, a good understanding of the
planning and approval processes of outdoor lighting installations will be needed. These
processes will be subject to national spatial planning and road legislation and which may
fall under the responsibility of municipalities or other authorities. Therefore, this criterion
requests evidence to prove that the tenderer will meet clear minimum requirements that
will help demonstrate that they have the required know-how and range of competencies
to successfully design a new or renovated lighting system. It is also worth highlighting
the recent introduction and recognition of the degree of European Lighting Expert in
several countries, which could potentially be used as a reference in relevant countries.

For teams installing lighting equipment

The same rationale as for the selection criteria for the design team applies to the
selection criteria for the installation team. In order to properly install a road lighting
installations, the team should have a good knowledge of how to open, place and connect
lighting fixtures and how to commission a controlled lighting point. Therefore this
criterion searches for evidence to prove that the required skills are available for the
service requested.

Aspects common to designers and installers

In both selection criteria, requirements should not be too stringent as to present a
barrier to the market for new or emerging companies. For this reason, the minimum
requirements for experience are limited only to the senior member of staff working for
the tenderer who will ultimately sign off any final design or approve the adequacy of any
installation works.

The level of experience can be misleading if only considered in terms of time. Thus it is
also important to allow for the recognition of the number of projects and scale of
projects as part of experience in tenderer teams.

In some cases, a successful tenderer may sub-contract a more experienced consultant to
check and approve their design. In such cases, the tenderer may simply commit to
contracting such a consultant should they be awarded the contract but without knowing
precisely who that consultant would be yet. Even if a sufficiently qualified member of
staff is already directly employed by the tenderer, they may leave the company before
the contract is undertaken. For these reasons, it is important that the selection criteria
are also covered by a contract performance clause.
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5.2. Stakeholder discussion

One point that was raised was the lack of any mention of specific lighting design
software when stating minimum experience and requirements for the design team or
designer. It was added that in some cases the use of different software for the same
design can generate variations in the final results although the scale of these variations
is uncertain.

One of the basic principles of EU GPP criteria is to try to remain impartial with respect to
selection criteria and so it would not be recommendable to stipulate a specific software
program and not another one that can be used for the same purpose. However, if the
procurer has a history of working with designs using particular software, then they are of
course free to specify this in their individual ITT - but one particular piece of software
cannot be promoted over others in EU GPP criteria.

Another discussion point was to try to be more specific about the quantity of relevant
experience for installers and designers. The need to strike the right balance between a
certain minimum experience and unintentionally creating barriers to potential tenderers
was emphasised. One potential solution is to place quite stringent requirements only on
the person who will finally check, approve and sign off the lighting design / installation
work.

An earlier proposal of requiring a minimum amount of time in the job (i.e. 3 years) was
criticised because it does not guarantee that lots of relevant project experience has been
gained. The other proposal to require a minimum number of completed projects is not
perfect either, allowing the possibility that 2 small short-term projects are valued more
than 1 major long-term project. For this reason, a clause has been inserted to allow the
procuring authority to accept experience in a lower number of projects if they are of a
sufficient scale.

Support was expressed for recognising the membership of professional bodies as it
ensures that the individuals undergo continuous professional development and can easily
be checked. Nonetheless, other experience and qualifications should not be ruled out.
One example mentioned was the Lighting Certificate course run by the UK Lighting
Industry Association. However, the usefulness of asking for experience with validating
software according to CIE 171 was questioned because it deals with indoor lighting and
daylight conditions but not with road surface reflectance and thus luminance
calculations.

The other main discussion point was the risk that tenderers insert the names of highly
qualified individuals simply to pass the selection criteria but then, if awarded the
contract, they would then go and employ someone less qualified, either to save costs or
due to the unforeseen unavailability of the original person/people. For this reason, a
contract performance clause covering this potential situation has been inserted.

26



5.3. Proposed selection criteria

Core criteria | Comprehensive criteria

SC1 - Competencies of the design team

(Applies when a lighting design is requested in the procurement exercise.)

(Same for core and comprehensive criteria.)

The tenderer shall demonstrate that the design will be checked and approved by staff
with the following minimum experience and qualifications:

e at least three years’ experience in lighting design, dimensioning of electrical
circuits and electrical distribution networks,

e involvement in the design of at least three different outdoor lighting installations,

e a certified level of competency in the use of lighting design software for power
density indicator (PDI) and annual energy consumption indicator (AECI)
calculations (e.g. European Lighting Expert certificate),

e experience with the use of validated lighting calculation software (e.g. according
to CIE 171, road surface reflectance tables or other relevant standards),

e holding a suitable professional qualification in lighting engineering or
membership of a professional body in the field of lighting design.

Verification: The tenderer shall supply a list of the person(s) who will be responsible
for the project should the tender be successful, indicating their educational and
professional qualifications, relevant design experience in real projects and, if relevant,
experience in and the name of any lighting design software used. This should include
persons employed by subcontractors if design work is to be subcontracted.

The procuring authority, at its own discretion, may accept experience in less than three
lighting installation designs if the scale of the design project(s) was sufficiently large
(i.e. amounting to at least 70% of the scale of the design project that is the subject of
the invitation to tender), and the duration was sufficiently long (i.e. amounting to at
least three years).

Core criteria | Comprehensive criteria

SC2 - Competencies of the installation team

(Applies when responsibility for installation is not assumed by the procuring authority’s own
maintenance staff.)

(Same for core and comprehensive criteria.)

The tenderer shall demonstrate that the installation works will be planned, checked and
approved by personnel with the following minimum experience and qualifications:

e at least three years’ relevant experience in the installation of outdoor lighting
systems,

e involvement in the installation of at least three different installation projects,

e a suitable professional qualification in electrical engineering and membership of a
professional body relevant to the work they are undertaking (e.g. certified
lighting technician). The list of relevant installed lighting systems with the
relative ‘scale of the project’ should be reported.

Verification:

The tenderer shall supply a list of person(s) responsible for the installation works should
the tender be successful, indicating their educational and professional qualifications,
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training logs and relevant installation experience in real projects. This should include
persons employed by subcontractors if installation work is to be subcontracted.

The procuring authority, at its own discretion, may accept experience in less than three
lighting installation works if the scale of the works was sufficiently large (i.e. amounting
to at least 70 % of the scale of the design project that is the subject of the invitation to
tender), and the duration was sufficiently long (i.e. amounting to at least three years).

Core criteria | Comprehensive criteria

CPC2 - Assurance of adequately qualified staff to carry out contracted tasks

(Applies to SC1 and SC2.)

(Same for core and comprehensive criteria.)

The successful tenderer (contractor) shall ensure that the personnel mentioned in the
documentation provided to demonstrate compliance with SC1 and/or SC2 are indeed
involved in the works covered by the contract.

In cases when the personnel originally assigned to the project are not available, the
contractor must communicate this to the procuring authority and provide a substitute or
substitutes of equivalent or higher experience and competency.

Proof of the qualifications of any substitute personnel shall be submitted in the same
manner as described in SC1 and/or SC2, as appropriate.
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6. Energy consumption criteria

For any given lighting level requirement in an installation, there is a clear link between
environmental benefits and improved energy efficiency of light sources and luminaires.
Cost saving is also a clear driver for improved energy efficiency although in this respect
care has to be taken to focus on life cycle costs and not simply operational costs. As the
market for LEDs in outdoor lighting matures, capital costs are decreasing all the time
and, as electricity costs continue to increase, the relative importance of energy efficiency
in life cycle cost calculations increases too.

Due to the importance of energy efficiency criteria on both environmental and economic
aspects, a minimum cut-off requirement is proposed as a technical specification and an
award criterion is proposed in order to encourage tenderers to go further.

A potential contract performance clause is also provided to ensure that the lighting
installation actually delivers on the minimum energy efficiency and lighting requirements
stated in the winning tender. Arguably the best way to ensure compliance with predicted
energy consumption performance is to have a metering system for the lighting
installation split by defined zones or even to monitor power consumption at the level of
the individual luminaire which could be reported automatically to a remote system.

Apart from more efficient lighting, attention must be paid to the potential savings via the
use of dimming controls to reduce light output, and thus energy consumption, during
programmed periods of expected low road use. The importance of dimming is reflected
in a technical specification for compatibility of light sources and luminaires with dimming
controls and minimum % dimming capabilities.

For each energy efficiency criterion, a note is placed to explain under which
circumstances the criterion should be applied, e.g. when designing new installations, re-
designing existing installations or simply re-lamping of an existing installation.

The importance of energy efficiency

There is broad agreement in the life cycle assessment literature that the dominant
source of LCA environmental impacts associated with road lighting is electricity
consumption during the use phase. The outputs of studies in the literature generally
follow the same tendency as given below in Figure 5.
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Figure 5. Breakdown of the life cycle environmental impacts of road lighting (Van Tichelen et al., 2007)

Despite this clear relationship, it is worth noting that as lamp technologies become more
energy efficient, impacts associated with materials used may become relatively more
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important. This will ultimately depend on the environmental footprint of the specific
materials used, the lifetime over which the lamp and other components can be expected
to last and the potential for reuse and recycling of materials.

Per capita energy consumption of municipalities and regions

During stakeholder discussion, the possibility of setting an EU GPP criterion based on the
per capita energy consumption of public lighting was raised. The indicator has been
promoted via the Covenant of Mayors (COM) initiative. The indicator is quite simple and
is calculated by dividing the total annual power consumption (kWh) of public lighting by
the population of the same region. It is possible that in areas where energy bills are not
well disaggregated, some assumptions will be made based on the installed power of
public lighting (kW) and on assumptions about their operating conditions made (e.qg.
number of hours per day and average dimming).

Although the JRC dismissed the idea of inserting such a criterion in ITTs for a number of
reasons, it was agreed that it could be interesting to investigate this subject further in
order to gain an understanding of how per capita electricity consumption due to public
lighting can vary in different regions. Data provided by stakeholders was as follows:

Spain: national average 116 kWh/pe/yr
France: national average 86 kWh/pe/yr
Germany: national average 43 kWh/pe/yr
Graz (AT): 15-20 kWh/pe/yr

Milan (IT): 40 kWh/pe/yr

The JRC consulted comprehensive public data about installed lighting installations in
Andalucia (Spain) which was available for the years 2005 and 2008-2013. Data was
available for over 700 towns and villages, although data for the larger cities, such as
Sevilla, Cordoba and Malaga was not included.
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Figure 6. Summary of per capita energy consumption by public lighting in over 700 Andalucian towns and villages

From the almost 5000 data points, it was necessary to delete around 20 values due to
them being unrealistically high (e.g. 2000-7000 kWh/pe/yr) and not keeping in line with
data for other years in the same town or village.

The raw data available was basically installed power for public lighting (in kW) and the
population (in pe). Consequently it was necessary to assume a certain operating period
(11 hours per day, 4015 hours per year) and that no dimming took place (a reasonable
assumption since significant LED uptake not expected prior to 2013).

Looking at the overall data there is no clear trend except that the most extreme
consumers have decreased between 2005 and 2009. Although difficult to see in the
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graph due to its scale, the middle 50% of performers (i.e. between the 25™ and 75
percentiles) were consistently in the range of 85 to 185 kWh/pe/yr.

At the level of individual towns and villages there was a huge range of % changes in per
capita energy consumption for public lighting in different years. The 4 best performers
were Benahadux, Paterna de Rivera, Belmez de la Moraleda and Tarifa, where
consumption was reduced by more than 80% between 2005 and 2013. However, at the
other extreme, Cabra, Atarfe, Chimeneas, Ezcuzar and Carboneros showed per capita
energy consumption for public lighting increased by 250-450% between 2005 and 2013.
Specific mention of Pedroche is also merited, where the increase was around 4000%
during the same period.

Previous EU GPP criteria for energy efficiency

In the 2012 EU GPP criteria, minimum requirements for luminous efficacy were defined
for different lamp technologies when lamps, ballasts or luminaires were being purchased.
Apart from the effect of different lamp technologies, the minimum required luminous
efficacies varied as a function of the rated wattage because the power rating has an
influence on the energy efficiency of the main lamp technologies used in 2012 (i.e. HID
type technologies). Energy losses due to ballasts were treated separately.

This was a far from ideal solution because simply replacing existing lamps and ballasts
with more energy efficient ones may simply result in over-lighting while the energy
consumption remains the same.

When considering criteria for new lighting installations or renovation of existing
installations, the 2012 EU GPP criteria did make some attempt to link energy efficiency
to the lighting level of class C and class P roads:

e Maximum 0,044 W/(lux-m?2) if E £ 15 lux
e Maximum 0,034 W/(lux-m?2) if E > 15 lux

However, energy efficiency requirements linked to only two lighting levels (above or
below 15 lux). This is not appropriate now considering that EN 13201-1:2014 sets 12
different lighting level thresholds for C and P class roads are set at 0.4, 0.6, 1.0, 1.5,
2.0, 3.0, 7.5, 10, 15, 20, 30 and 50 lux (see Figure 1).

The rise of LED lighting technology means that there are now many options for
improving the energy efficiency of road lighting installations and that energy efficiency
criteria do not need to be nuanced for power rating.

Key terms and definitions from EN 13201-5

In order to ensure a consistent approach to defining the energy efficiency of a road
lighting installation, it is recommended to follow the definitions and methodology
provided in EN 13201-5: 2016 "Road lighting - energy performance indicators". This
standard introduces several key definitions:

Luminous efficacy (n), expressed in Im/W.

Power Density Indicator (PDI) expressed in W/(Ix.m?2).

Annual Energy Consumption indicator (AECI) expressed in kWh/(m2.y).
Operational profile: the number of hours the lighting installation will be
switched on for each day and at what percentage of full power it will operate at
for each hour.

¢ Road profile: the layout of the road, including any sidewalks and other areas
intended to be lit and excluding any intermediate areas, such as vegetated strips
and central reservations, not intended to be lit.

The key terms for measuring energy efficiency of an installation are PDI and AECI,
although these cannot be calculated without first knowing the luminaire efficacy, road
profile and operational profile.
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6.1. Luminaire efficacy

Contracting authorities should also be aware of the fact that public procurers for central
government institutions are obliged, under Article 6 of the Energy Efficiency Directive, to
purchase only products that comply with energy efficiency benchmarks specified in
implementing measures if a product is covered by such an implementing measure under
the Ecodesign Directive.

With regards to road lighting, Regulation 245/2009 is currently in force and will be later
repealed by a new Commission Regulation (under public consultation until December
2018). The current draft proposal does set luminous efficacy requirements for LED
lighting (120 Im/W) that are not more stringent than those specified in the EU GPP
criteria.

6.1.1. Background research and supporting rationale

The luminous efficacy is basically how much useful light (in lumens) can be produced by
a given unit of power (1 Watt). Luminous efficacy can be defined at various different
levels: of the light source, of the luminaire containing the light source or the installation
containing all the luminaires. Definitions of light source or luminaire efficacy can be
simply measured in the laboratory as the ratio of light output (in Im) to power input (in
W). The most complicated definition is luminous efficacy at the level of the entire
installation which, as per EN 13201-5:2016 is as follows:

Ninst = CLx Fy x Ux Ryp XMy x Mp
Where:

e Ninst iS the installation luminous efficacy in Im/W

e (, is the correction factor where a design is based on luminance or hemispherical
illuminance instead of illuminance

e Fy is the overall maintenance factor of the lighting installation (this is a
combination of individual maintenance factors for decreased lumen output from
the light source and for dirt gathering on the housing), it is the product of Fu
and Fim.

e U is the utilance of the installation (i.e. the fraction of light output reaching the
target area)

e Ry g is the optical efficiency of the luminaire (i.e. how much of the light output of
the light source leaves the luminaire)

e s is the luminous efficacy of the light source alone (in Im/W)

e N, is the power efficiency of the luminaire (i.e. accounting for power losses in
control gear).

Data provided by lighting equipment manufacturers about luminous efficacy will provide
information about the light output and power consumption of the light source alone and
when mounted in the luminaire. Power losses in control gear may or may not be
reported separately, although this should not be important for the currently proposed EU
GPP criteria so long as the combined overall power consumption figure is provided.
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Figure 7. Example of light output and power consumption data provided in a luminaire manufacturer data sheet
(left) and, adapted from EN 13201-3, a 3-D illustration of the 0-180 and 90-270 axes (right).

In the above case, a luminaire data sheet for SCHREDER HAPILED/5098/24 LEDS 350mA
WW/33027S, the optical efficiency (Ro) of the luminaire was 74% (or 0.74) and the
luminaire efficacy (the product of R.o, nis and np) was around 95 Im/W. The step from
luminous efficacy of luminaire to the luminous efficacy of the installation is quite a big
one and involves the consideration of the utilance factor and the maintenance factor
(these are described later in section 7.3.1 and in Technical Annexes I and II).

DesignLights Consortium (DLC)

An example of a tiered approach to luminous efficacy can be seen from the DesignLights
Consortium, as illustrated in Figure 8 below. The first tier is between minimum
requirements for a "standard Qualified Products List (QPL)" (of 90-100 Im/W) and of a
"premium QPL" (of 110-120 Im/W).
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Figure 8. US DOE Lighting Facts database (2016) of road lighting luminaires with luminaire output (lumens) versus
luminaire efficacy (source DOE, 2016)
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Figure 8 shows that while the typical luminaire efficacies of HPS lamps (indicated in
yellow areas) depend on the lumen output and wattage, the LED data for area/roadway
lighting (blue points) is effectively independent of power rating and lumen output -
except perhaps when output drops below 500 lumens. The DLC have recognised some
minor relationship between luminous efficacy and lumen output for LED by stepping the
minimum requirements for luminaires to appear on their Qualified Products List in 2016
by setting minimum requirements of:

e 90 Im/W up to 5000 lumen output,
e 95 Im/W for 5000-10000 lumen output
e 100 Im/W for >10000 lumen output

Figure 8 also highlights how much LED-based luminaires for road lighting (blue points)
can exceed HPS-based luminaires (yellow areas) in terms of luminous efficacy for
outputs between 3000 and 30000 lumens. This increase in efficacy of HPS-based
luminaires as the light output increases is clear from Figure 8. This tendency was well
reflected for all HID type lamps in the current GPP criteria published in 2012. However,
with LED technology there is no technical reason to introduce weaker requirements for
luminaires with a lower wattage and/or road illuminance. When comparing the minimum
requirements for the DLC QPL (Qualified Products List), it is clear that only high power
(1000W) HPS lamps could meet the requirements.

Initial proposal in TR 1.0

In TR 1.0, it was proposed to have some minimum requirements for luminaire efficacy
(105 Im/W for core level and 120 Im/W for comprehensive level). The main justification
for this criterion was that it forms the basis for any calculations of energy efficiency of
the installation (i.e. PDI or AECI) and is much easier to verify, with data readily available
from suppliers. In projects where a detailed design is not specified for whatever reason,
especially when light sources are to be retrofitted to existing luminaires, the luminaire
efficacy will be the main point to promote the energy efficiency of the installation.

Proposal in TR 2.0

In TR 2.0, the core and comprehensive criteria were revised to 102 Im/W and 112 Im/W
respectively and linked to the years 2016 and 2017. For later years, a tiered approach
was defined where every two years the ambition level would rise by 17-18 Im/W. This
was based on projected trends from historical data in the LightingFacts database during
the period 2012-2016. Exemptions from the stated ambition levels were mentioned for
decorative luminaires with any light source and for any luminaire with light sources that
were <2100K.

Proposal in TR 3.0

In TR 3.0, a closer analysis of the LightingFacts database suggested that there was a
decrease in luminaire efficacy as the light output of LED luminaires decreased. This also
followed a similar logic as the DLC approach that is illustrated in Figure 8. Consequently,
the same tiered approach was maintained as in TR 2.0 but with some lower efficacy
ambition levels for luminaires of lower light outputs (i.e. 0-1000, 1000-3000 and 3000-
11000 lumens). The same ambition levels as in TR 2.0 were maintained for luminaires
with light output >11000 lumens.

Proposal in TR 4.0

Following stakeholder feedback and a reassessment that only focuses on the data in
2016-2018, it became apparent that there was no obvious relationship between light
output and LED luminaire efficacy. The re-analysis confirmed that there was however a
statistically significant decrease in luminaire efficacy for any LED luminaire when the
light source is <2700K. There also appeared to be an even more significant decrease in
efficacies for decorative LED luminaires however, when looking only at 2017 and 2018
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data, it appears that now there is no significant decrease for decorative luminaires.
Consequently, the lower ambition levels for lower light output was removed, the lower
ambition level for decorative luminaires was not incorporated and the lower ambition
level for warmer light sources was set at <2700K.

6.1.2. Stakeholder discussion

The main criticism of criteria for luminaire efficacy was that a good efficacy value does
not guarantee an energy efficient road lighting installation. However, the counter
argument is that it is extremely difficult, if not impossible, to deliver an energy efficient
road lighting installation using luminaires with a poor luminous efficacy.

It was felt by some stakeholders that ambition levels should not be varied for different
types of luminaire but, paradoxically, concern was expressed that the current proposals
would only allow for luminaires with white LED light sources, effectively excluding warm
LED and low wattage HPS. Other stakeholders felt that a clear distinction must be made
between efficacies for “pure” road lighting luminaires and efficacies in urban areas where
luminaires may also have some sort of decorative design and also need to provide
amenity lighting as well as road lighting. It was suggested that a more reasonable
luminaire efficacy to ask for in amenity applications would be 80-85 Im/W.

Italian GPP approach

It was claimed that in Italy, a distinction is indeed made between “pure road lighting
and road lighting for pedestrian walkways and in historic city centres. National legislation
has been introduced to support the implementation of a Parameterized Energy Index for
Luminaires (IPEA) - essentially a labelling system for road lighting luminaires that is
largely based on luminous efficacy that results in labels from A+++++ (A5+) to F.

14

This label is scaled according to the relevant reference luminaire efficacy, which varies
according to the lamp wattage and the road type as shown below.

Table 5. Italian reference values for luminaire efficacy for different outdoor lighting applications

Luminaire efficacy reference values
GLlLoRa Ll Road D) B, Pedestrian Green area C_lty ce ntrc_e
lighting rounqabout, area, bike lane lighting e
parking lot ! lantern

P < 65 73 70 75 75 60
65 < P <85 75 70 80 80 60
85 <P< 115 83 70 85 85 65
115 < P < 175 90 72 88 88 65
175 < P < 285 98 75 90 90 70
285 < P < 450 100 80 92 92 70
450 > P 100 83 92 92 75

Dividing the actual luminaire efficacy by the reference luminaire efficacy generates the
IPEA value. The higher the IPEA value, the higher the performance label assigned to the
actual luminaire. For example, "G" is <0.40, "F" is 0.40-0.55, "E" is 0.55-0.70, "D" is
0.70-0.85 and "C" is 0.85-1.00. The B (1.00-1.10), A (1.10-1.20), A+ (1.20-1.30), A++
(1.30-1.40).

Looking specifically at the reference efficacy values for "road lighting", the different
luminaire efficacies required to achieve a particular IPEA label can be easily calculated.
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Table 6. Translation of Italian IPEA values into luminaire efficacies for different labelling classes for ""road lighting"'.

Reference IPEA labelling class
Rated .
ower Luminaire
P efficacy | A5+ | A4+ |A3+ A2+ | A+ | A | B| Cc | D | E|F
W1 am/w)
<65 73 116.8 | 109.5 | 102.2 | 94.9 | 87.6 | 803 | 73 | 62 | 51.1 | 40.1 | 29.2
65-85 75 120 | 112.5] 105 | 97.5 | 90 | 82.5 | 75 | 63.8 | 52.5 | 41.3 | 30
85-115 83 132.8 | 124.5 | 116.2 | 107.9 | 99.6 | 91.3 | 83 | 70.6 | 58.1 | 45.7 | 33.2
111755 90 144 | 135 | 126 | 117 | 108 | 99 | 90 |76.55| 63 | 49.5| 36
127855 08 156.8 | 147 | 137.2 | 127.4 | 117.6 | 107.8 | 98 | 83.3 | 68.6 | 53.9 | 39.2
24%50' 100 160 | 150 | 140 | 130 | 120 | 110 | 100 | 85 | 70 | 55 | 40
>450 100 160 | 150 | 140 | 130 | 120 | 110 | 100 | 85 | 70 | 55 | 40

In terms of ambition level, minimum requirements for EU GPP criteria would fall
somewhere between A+ and A5+, depending on the installed power. The above levels
and classes apply only for "road lighting", but the reference luminaire efficacy values for
different roads, such as pedestrian paths, cycle paths and historic city centres is included
in Table 5 for comparison.

According to Italian stakeholders, the IPEA values above were developed based on EN
13201, 245/2009/EC and 347/2010/EC as well as market enquiries and field experience.
From the Italian experience, it is clear that city centre lighting is considered as less
efficient than road lighting but that lighting of bike lanes and pedestrian areas can be
more efficient.

For pure road lighting luminaires, one stakeholder felt that the proposed efficacies in TR
1.0 (i.e. 105 and 120 Im/W) could be made even more ambitious. There is a plethora of
market data for LED-based luminaire efficacy from the US. Therefore it is worthwhile to
consider ambition levels in the context of this market data.

From an EU GPP perspective, the main drawbacks of the Italian approach are related to
the labelling going well beyond A class and complications with updating the reference
levels to account for technological progress. The reference to a national level energy
labelling system, which has presumably not been developed in accordance with the
Energy Labelling Directive (2010/30/EU), is not recommended in EU GPP criteria
published by the Commission. However, the actual numbers linked to the labels for
luminaire efficacy (IPEA) and PDI (IPEI) could be used to support particular ambition
levels for lighting in different use environments.

Stakeholders generally acknowledged that any fixed minimum requirement for energy
efficiency in GPP criteria would need to be reassessed as LED technology continues to
rapidly improve. Due to the fact that GPP criteria are fully revised every 5 to 6 years but
not periodically updated, the best way to do this would be to introduce a tiered approach
to the PDI or luminous efficacy reference values, which could then be increased in a
tiered approach.

Stakeholder proposal based on LightingFacts data

Three tiers of luminaire efficacy were proposed based on LED Iluminaire efficacy data
trends between 2012 and 2018 and with the intention of targeting the top 75% of LED
luminaires on the market for core level and the top 50% for comprehensive level.

An analysis of luminaire efficacy data from the US DOE (Department of Energy) database
was submitted by one stakeholder to justify the tiered approach. The data covered
around 7700 street light luminaires for models on the market from 2012 to 2018.
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Figure 9. Luminaire efficacy data from 2011-2018 in the Lighting Facts database (US DOE, 2018). N=number of
products approved in that year. 2018 data is for Q1 only.

Since 2013, when numbers of products approved began to exceed 500 per year, the
trendline shows an average annual increase in median efficacy of around 8.5 Im/W. This
confirms that the trends assumed in TR 2.0 when proposing the tiered approach to the
ambition level for luminaire efficacy continue to be valid.

It was proposed that the ambition level be set to 120 Im/W (core) and 130 Im/W
(comprehensive) and run until 2020. After that, the ambition level would increase by 17
Im/W and in 2022, it would increase by another 17 Im/W. It was agreed that any
reference values for luminous efficacy should be set at the level of the luminaire, so that
any optical losses from luminaires and power losses from ballasts and control gear are
accounted for.

On the other hand, some stakeholders expressed concern that too high a level of
ambition might essentially exclude low wattage HPS and warm LED as possible options.
While it was generally accepted that this ambition level was suitable for "pure road
lighting" (i.e. M class roads), it was doubted that this would work for lighting in historic
areas in city centres, it is possible that luminaires have a decorative function which
would limit their luminous efficacy. It was also questioned if areas with warm lighting
(i.e. low CCT light sources) would be able to comply with these values. This led to a
further analysis of the Lighting Facts database to determine to what extent luminaire
efficacy decreased with decreasing CCT.

In order to investigate how well stakeholder concerns were reflected by the LightingFacts
data, an analysis was carried out for a) luminaires with light sources of different CCTs for
luminaires approved in 2016 and 2017 and b) decorative luminaires.

Table 7. Median and 3" quartile luminaire efficacies as a function of style of luminaire and CCT of light source
(From 2016 and 2017 approved products on the Lighting Facts database).

Decorative All Correlated Colour Temperature (K) range
luminaire luminaires <2500 2500-3499 | 3500-4499 | 4500-5499 >5500
Number of n=254 n=4494 n=12 n=1029 n=1658 n=1409 n=386
products
Mec’s'ggogtw 93.8LPW | 114.9LPW | 72.3LPW | 110.7 LPW | 115.7 LPW | 115.2 LPW | 122.1 LPW
rd H
ﬁtog”j;g/'};— 85.6 LPW | 104.8 LPW | 70.3 LPW | 100.5LPW | 105.2 LPW | 107.2 LPW | 108.0 LPW
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With the different CCT ranges, the lowest CCT range (<2500K) had a significantly lower
efficacy (30-50 LPW lower) than the other CCT ranges. There were no statistically
significant differences between the data in the other CCT ranges although there was a
very minor increase in median and/or 3™ quartile values as CCT ranges increased in
value. So the stakeholder concerns about lower efficacies for low CCT light sources also
appear to be well founded, at least when CCT is <2500K. However, it must also be
pointed out that there was only a very small sample size for the <2500K CCT range
(n=12). Of the 1029 luminaires listed between CCT 2500 and 3499K, only 2 were
<2700K. Consequently, the median and 3™ quartile numbers for CCT <2700K are
virtually identical to those for CCT <2500K.

Looking at the average luminaire data for 2011 to 2018, concerns about decorative
luminaires having lower efficacies appear to be well founded. Comparing the 2" and 3™
columns in Table 7, it is clear that decorative luminaires have an efficacy that is around
20 LPW lower than the entire range of luminaires.

A closer look at the luminaire efficacy data for decorative luminaires is presented below
with the aim of better understanding its evolution.

Table 8. Evolution in median luminaire efficacies for standard and decorative luminaires (from LightingFacts

database)
2011 | 2012 | 2013 2014 2015 2016 2017 2018
: 78.1 80.5 83.8 102.4 109.5 117.6 127.9
p gl Median | pw | ipw Lrw | I3ALPW L pw LPW LPW LPW
5=
T g Yeae;‘r’” nja | T2ALPW | +3.30pw | +9.6LPW | +9.0LPW | +7.1LPW | +8.1LPW | +10.3LPW
SEl Y (3.1%) | (4.1%) | (11.4%) | (9.6%) | (6.9%) | (7.4%) | (8.8%)
i 5| increase
N= 50 136 633 1276 1189 2549 1945 601
. 71.3 68.0 62.6 87.5 90.3 114.6 131.4
2 g| Median | \pw LPW Lrw | 85BLPW I pw LPW LPW LPW
=
g2 Yez;cr’” nja | “33LPW | -5.4LPW | +23.2LPW | +1.7LPW | +2.8LPW | +24.3LPW | +16.8LPW
SEl .Y (4.6%) | (8.9%) | (37.1%) | (1.9%) | (3.2%) | (26.9%) | (14.7%)
n= INCrease
N= 1 2 1 4 18 204 50 44

The LightingFacts database reveals that there has been a significant year on year
increases between 2013 and the first quarter of 2018 but that, due to the very limited
numbers of decorative luminaires in the database in earlier years, only the trends from
2016 and 2018 should be considered. During those two years, a combined +44%
increase in efficacy was evident.

The numbers in Table 8 show that decorative luminaires have consistently lower median
efficacies during the years 2011 to 2016. However, the data from 2011 to 2014
represents very few decorative luminaires and thus may not be representative. In the
last two years (2017 and 2018) the numbers imply that decorative luminaires have
successfully closed the gap to when compared to the entire database median efficacy.

In conclusion, the concerns about poor efficacies of decorative luminaires compared to
normal luminaires appeared to be valid at least until 2016 although data from 2017 and
2018 suggest that now decorative luminaires can be just as efficacious as standard ones.

Regarding which format the photometric file should be provided in, stakeholders
mentioned EU lumdat (.ldt) and (.xIs). However, the most important point was that the
file format was compatible with common light planning software such as Dialux, Relux or
Oxytech freeware. The software called "Lighting Reality" was also mentioned.
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6.1.3. Criteria proposals for luminaire efficacy

Core criteria

Comprehensive criteria

TS1 Luminaire efficacy

(Applicable when light sources or luminaires are to
be replaced in an existing lighting installation and
no redesign is carried out. These ambition levels
should not be applied when light sources are also
requested to be rated with CCT <2700K.)

The lighting equipment to be installed shall
have a luminaire efficacy higher than the
relevant reference value stated below.

(Applicable when light sources or luminaires are to
be replaced in an existing lighting installation and
no redesign is carried out. These ambition levels
should not be applied when light sources are also
requested to be rated with CCT <2700K.)

The lighting equipment to be installed shall
have a luminaire efficacy higher than the
relevant reference value stated below.

Year of ITT* Efficacy (Im/W)

2018-19 120

2020-21 137

2022-23 155
Verification:
The tenderer shall provide a standard
photometric file that is compatible with
common light planning software and that

contains technical specifications on the light
output and energy consumption of the
luminaire, measured by using reliable,
accurate, reproducible and state-of-the-art
measurement methods. Methods shall
respect relevant international standards,
where available.

*Due to the rapid technological developments in
luminaire efficacy of LED-based lighting, it is proposed
that the reference values stipulated here for invitations
to tender (ITTs) should increase over the next 6 years,
to avoid them becoming obsolete before the EU GPP
criteria are due for revision again.

Year of ITT* Efficacy (Im/W)
2018-19 130
2020-21 147
2022-23 165
Verification:
The tenderer shall provide a standard

photometric file that is compatible with
common light planning software and that
contains technical specifications on the light
output and energy consumption of the
luminaire, measured by using reliable,
accurate, reproducible and state-of-the-art
measurement methods. Methods shall
respect relevant international standards,
where available.

*Due to the rapid technological developments in
luminaire efficacy of LED-based lighting, it is proposed
that the reference values stipulated here for invitations
to tender (ITTs) should increase over the next 6 years,
to avoid them becoming obsolete before the EU GPP
criteria are due for revision again.

AC1: Enhanced luminaire efficacy

(Applies to TS1.)

(Same for core and comprehensive criteria.)

A score of up to X points shall be awarded to tenderers that are able to provide light sources
or luminaires which exceed the minimum luminous efficacy defined in TS1.

Maximum points (X) will be awarded to the tender with the highest luminous efficacy value
and points will be proportionately awarded to any other tenders whose light sources or
luminaires exceed the minimum requirements of TS1 but do not reach the value of the

highest efficacy tender.
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6.2. Dimming controls

6.2.1. Background research and supporting rationale

Dimming the light output of a road lighting installation saves energy. The relationship
between dimming and power consumption is almost directly proportional for LED-based
luminaires.
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Figure 10. Relationship between power consumption and dimming of light output (Source, NEMA, 2015)

Many dimming controls can easily go down to 10% of maximum light output and some
can even go to 1%. However, as the dimming levels increase, the basic low-level power
consumption of the drivers and control units becomes increasingly significant, as can be
demonstrated when the plotting luminaire luminous efficacy for the same luminaire
under different dimming conditions.
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Figure 11. Relationship between luminaire efficacy and dimming of light output (Source, NEMA, 2015).

When considering the data from Figure 10 and Figure 11, it is clear that all dimming is
beneficial in terms of reduced costs and environmental impacts related to energy
consumption. However, it should be noted that when dimming to extremely low levels
(i.e. dimming to less than 20% of maximum light output), the luminous efficacy of the

luminaire will reduce.

Another benefit of dimming is that it is possible to minimise light pollution on demand. In
some cases, where a more efficient lamp has been retrofitted without the control drivers
and ballast being modified or replaced accordingly, it is possible that the new lamp uses
the same power input to simply generate more light, even if this is more than was
desired. Dimming controls can correct for this.
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Existing EU GPP criteria

Annex VII of Ecodesign Regulation EC/245/2009, which provides benchmarks for
luminaires, states that:

"Luminaires are compatible with installations equipped with appropriate dimming and control
systems that take account of daylight availability, traffic and weather conditions, and also
compensate for the variation over time in surface reflection and for the initial dimensioning of the
installation due to the lamp lumen maintenance factor."

The same wording is used as a comprehensive level award criterion in the current GPP
criteria (published in 2012). It is worth noting that the criterion only requires
"compatibility" with dimming and not the installation of dimming controls as such.

Without dimming controls, it is possible that lighting installations are either over-
designed to produce excessive lighting at the beginning (before lumen output
depreciation) or that they will sooner fail to meet the initially designed lighting levels
(again due to lumen output depreciation).

The gradual depreciation in lumen output is a common issue for all lighting technologies
and is related to both decreased output due to the light source itself and also due to dirt
gathering on the luminaire.

Operational profile

In order to reduce costs, local authorities are increasingly looking at the possibility of
dimming during curfew hours (i.e. periods of low road use, typically midnight to 6am).
The recognition of dimming is reflected in the EN 13201-5 standard (Road lighting Part 5
- Energy Performance Indicators), which defines the term "operational profile".

The operational profile refers to how long the lighting installation is powered up on a
daily basis. With dimming controls, the alteration of the level of power creates the
possibility for many different operational profiles. Some examples of operational profiles
are provided in Figure 12 below.
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Figure 12. Examples of different operational profiles for road lighting installations during period a) evening peak
hours, b) off-peak hours and c) morning peak hours (adapted from EN 13201-5). Consumption figures included refer
to a 100kW installation

The top profile in Figure 12 refers to a simple on/off scenario for a lighting installation
where the start and end time are programmed - this is typical of most existing
installations and in this particular case, would consume 1200 kWh/d.

The middle profile in Figure 12 shows the implementation of a dimming scenario, where
light output is reduced by 50% during the expected hours of low use (in this case from
0000 to 0600) - resulting in a consumption of 900 kWh/d - 25% less than the same
undimmed installation.

The lower profile refers to a situation where the default light output is the same as in the
middle profile, but only when sensors indicate that road use is above a certain minimum
level. If road use is lower than this defined level, the lighting output will be automatically
decrease from the default lighting level (from 100% to 50% during peak times or from
50% to 10% during off-peak times). Although the exact energy savings will vary from
day to day, the road traffic pattern used in the assumption for Figure 12 resulted in a
consumption of 650 kWh/d - almost 30% less than the simple curfew dimmed
installation and almost 46% less than the same undimmed installation.

Possible cases where dimming control might not payback

Given the major operational cost savings that are possible with dimming controls, it
seems unlikely that such an investment would not pay for itself. However, attention
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must be paid to the capital costs of dimming controls and the power rating of the
luminaire. As the power rating decreases, the capital costs become more significant.

One example is with a low wattage luminaires where the extra cost for dimming controls
(estimated around 50 euro) does not outweigh the savings. A quick calculation shows
that for a 20W luminaire, the cost saving by reducing average energy consumption by
30% through dimming for 20 years is similar to the extra cost of the controls:

0.3 x 20W x 4000h.yr~! x 20yr x 0.11€. kWh™! = 52.80€

The factor 0.3 corresponds to an easily achievable 30% energy saving due to
implementing an operational profile that accounts for a 50% dimming during curfew
hours (e.g. midnight to 6am) and prevents over-lighting of the newly installed luminaire
which was specified to allow for gradual reductions in lumen output.

Future increases in electricity prices and future decreases in the costs of dimming
controls will make dimming control more attractive from an investment perspective. In
order to be able to take advantage of these potential future trends, and especially
considering that many LED luminaires installed today will be expected to continue to
operate for 10-20 years without any replacement, it is recommended that all installed
luminaires and light sources are at least compatible with dimming controls.

Before deciding on whether to invest in dimming controls or not, procurers are
encouraged to use the preliminary check based on LCC costing prior to launching any
ITT.

6.2.2. Stakeholder discussion

Stakeholders were in general in favour of dimming controls being promoted, even in core
criteria, where the installation of simple controls based on an astronomical clock could be
specified. However, opinions differed about how exactly dimming should be promoted in
the criteria.

However, stakeholders were cautious about any promotion of specific control systems at
the installation level because this is highly unlikely to be requested for any contract that
only refers to sub-regions of a network when network-wide control systems are already
in place.

Regarding presence detectors, one stakeholder referred to a project where 1 in 5
presence detectors were found to be performing inadequately after only 1 year of
operation, resulting in increased energy consumption. Consequently, it would not be
recommended to install these types of controls without metering of electricity
consumption (ideally at the level of individual luminaires linked to remote data recording
systems).

Further research into possibilities to specify “self-commissioning” luminaires in EU GPP
criteria was requested. Such self-commissioning would involve automatic in-situ checks
against a defined set of operational parameters that can be defined and adjusted if
needed. However, initial feedback revealed that such systems would be cost-prohibitive
at least when compared to normally operating road lighting installations.

In the proposal in TR 1.0, degrees of dimming were addressed indirectly simply by
adjusting the CL factor in the equation that was proposed to measure the AECI. A CL
factor of 1.1 was proposed for LED-based lighting in order to account for initial over-
design to account for lumen output depreciation. It was proposed to reduce this factor
from 1.1 to 0.85 (core) or to 0.75 (comprehensive). In order to maintain a constant
AECI value, this would essentially require dimming of around 23% and 32% for core and
comprehensive criteria respectively.

The assumptions behind these indirect dimming ambition levels were questioned.
Different opinions were expressed about the degree of dimming that would be allowable
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in certain situations. However, it is possible that procurers will already have clear ideas
about what dimming scenarios they wish to implement (if any) and this could be
specified in the Invitation to Tender (ITT) as a dimming ratio for the average illuminance
with dimming divided by the average illuminance if no dimming was applied (e.g. E,mgim
/ E,Muodim). A similar idea was also suggested about the desire to see procurers specify
AECI values with and without dimming.

For the purposes of calculating the impact of dimming on energy consumption tenderers
should ideally provide the power curve for the luminaire with light output plotted against
power consumption. The relationship is generally proportional except in high dimming
scenarios where standby power consumption by control gear would become important.

Due to the multiple benefits of dimming, dimming controls must be installed in all cases
unless, in exceptional circumstances, it can be demonstrated that the total cost of
ownership would increase by installing dimming controls. The EN 13201 standard itself
recognises that the required lighting levels are dynamic in nature and an appropriate
lighting level at all times can only be ensured with adequate dimming control during off-
peak hours. Dimming has obvious environmental benefits via energy consumption and
reduced light pollution. Furthermore, dimming can enhance the lifetime of LED
luminaires due to a reduced risk of overheating, which is the principal cause of abrupt
LED failure.

In feedback to TR 3.0, it was requested that the dimming controls should also be
specified that would facilitate simple implementation of switch-off policies. These have
been commonly implemented in parts of the UK (mainly motivated by cost-reductions).
In France, it was stated that some 6000 of the 36000 towns and villages implement
switch-off policies between midnight and 0500.

When considering possible dimming scenarios, one suggestion was to make different
recommendations depending on the use. For example, dimming to 70% of peak time
light output in cities, dimming to 50% of peak time light output in motorways and
dimming to 50%, then 10% of peak time light output in parks and gardens based on a
2-level dimming programme.

The proposal in TR 1.0 about dimming was perhaps not so visible to procurers, so stand-
alone criteria were proposed in TR 2.0 and 3.0. In TR 4.0, in order to ensure that the
cheaper and simpler dimming controls are always considered, the note before the
technical specification was modified to require dimming controls in all cases unless
concerns about a higher total cost of ownership were justifiable. This wording should
help ensure that cheaper astronomical clock based dimming controls are not excluded
simply via association with more sophisticated and more expensive dimming controls.

6.2.3. Criteria proposals for dimming

Core criteria Comprehensive criteria

TS2: Dimming control compatibility

(Applicable to all calls for tender.)

(Same for core and comprehensive criteria.)

The lighting installation shall be compatible with dimming controls and allow for
programmed switch-off during periods of low night-time road use intensity.

Verification:

The tenderer shall explain how the proposed lighting installation is compatible with
programmed dimming and switch-off. This explanation should include any relevant
documentation from the manufacturer(s) of the light sources and luminaires proposed

44




for use by the tenderer.

In cases where controls are not integrated into the luminaire, the documentation should
state what control interfaces can be used for dimming.

The documentation shall also state what dimming methods are compatible, for example:

e dimming based on pre-set period of expected low night-time road use intensity,

e initial dimming of over-designed lighting installations to compensate for gradual

decreases in lumen output,

e variable dimming to maintain a target illuminance in variable weather conditions.

TS3: Minimum dimming performance

(Applicable to all calls for tender, unless it is
clear that dimming controls would lead to a
higher total cost of ownership. Procurers should
clearly define the desired dimming performance
in the ITT.)

All light sources and luminaires shall be
installed with fully functional dimming
controls that are programmable to set at
least one pre-set level of dimming down to
at least 50 % of maximum light output.

Verification:

The tenderer shall provide documentation
from the manufacturer(s) of the light
sources and luminaires that are proposed
for use by the tenderer, showing that they
are compatible with dimming controls.

The documentation shall also state what
dimming controls are incorporated, for
example:

e pre-set dimming, or

e variable dimming based on weather
conditions or traffic volume.

The documentation shall also clearly
provide a power curve of light output
versus power consumption, state the
maximum dimming possible and provide
instructions about how to programme and
re-programme the controls.

(Applicable to all calls for tender, unless it is
clear that dimming controls would lead to a
higher total cost of ownership. Procurers should
clearly define the desired dimming performance
in the ITT.)

All light sources and luminaires shall be
installed with fully functional dimming
controls that are programmable to set at
least two pre-set levels of dimming, down
to at least 10 % of maximum light output.

Verification:

The tenderer shall provide documentation
from the manufacturer(s) of the light
sources and luminaires that are proposed
for use by the tenderer, showing that they
are compatible with dimming controls.

The documentation shall also state what
dimming controls are incorporated, for
example:

e pre-set dimming, or

e variable dimming based on weather
conditions or traffic volume.

The documentation shall also clearly
provide a power curve of light output
versus power consumption, state the
maximum dimming possible and provide
instructions about how to programme and
re-programme the controls.

CPC3: Dimming control

(Applies to TS2 and TS3.)

(Same for core and comprehensive criteria.)

If, for whatever reason, the contractor changes the light sources and/or luminaires from
those specified in the successful tender, the new light sources and/or luminaires shall be

at least

e equally compatible with dimming controls as the originals,

e have the same programmable flexibility,

45




be able to achieve at least the same maximum dimming, and

have a similar power curve.

Agreement on this matter shall be settled by the provision of similar documentation
from the manufacturer(s) of the new light sources and/or luminaires that would justify
the selection of the new luminaires and/or light sources.
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6.3. Annual Energy Consumption Indicator (AECI)

6.3.1. Background research and supporting rationale for AECI

When a new design is carried out for a lighting installation, either because it is a new site
or a complete refurbishment of an existing site, it is possible to specify in the tender
some design details such as the Power Density Index (PDI) and, by knowing the
illumination level required, the AECI. In TR 2.0, two criteria were set for these situations,
one for a maximum PDI and one for a maximum AECI.

One major criticism of the approach in TR 2.0 was that procurers will not easily
understand the standard calculations for PDI and AECI and that a simpler approach is
needed. In the same way, it was questioned if procurers really needed to specify any PDI
value, since this only forms a part (albeit a very important one) of the AECI calculation.

The AECI is considered as a more intuitive indicator for procurers than PDI or luminaire
efficacy since it effectively expresses the final electricity consumption of a particular road
lighting installation. The AECI takes into account over-lighting and dimming.

Consequently, the approach in TR 3.0 focuses purely on a single criterion for AECI and
the aim of the background research is to explain how this calculation can be broken
down into distinct factors and directly linked to PDI.

The same explanation of how to calculate PDI that was provided in TR 2.0 has been
moved to Technical Annex I. In TR 3.0 and 4.0, a table of PDI reference values has been
included in Technical Annex II, together with an explanation of how these values are
influenced by the luminaire efficacy, maintenance factor and utilance.

The main difference between TR 3.0 and 4.0 is that the distinction of PDI values as a
function of light output (and thus road class) has been removed. This changed stemmed
from perceived differences in the luminaire efficacy in LED lighting of different light
output. However, focussing only on the more recent data (2016-2018), it is evident that
such a distinction does not apparently exist.

Consequently, in TR 4.0, the PDI reference value only varies as a function of road width
and ambition level (different luminaire efficacies and utilance factors for core and
comprehensive level). The tiered approach to PDI values remains in place, reflecting the
background research that justified such an approach for luminaire efficacy.

The one variable that is not specified in the AECI criterion is the illumination level, which
is something that the procurer must define (illumination should also take into account
any dimming factors too). For reference only, we have also included some indicative
AECI reference values for C and P class roads (in Technical Annex II).

Standard calculation of AECI
The EN 13201-5 standard calculation is defined in the text box below.

Calculating AECI (W/(m2.yr)

The standard calculation defined in EN 13201-5 is not directly linked to the PDI calculation and so
does not consider lighting levels or PDI, only power consumption, taking into account all the
periods when power consumption is different:

ST (P xty)
A

Where P; is the operational power required (in W) in the j™ period of operation, t; is the length of
time (in hours) during a one year period that the j period is in operation, A is the area that is lit
(m?) and m is the number of periods with different operational power.

Dy = AECI =
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Simplified calculation of AECI

When trying to examine what is the suitable "reference AECI" for a particular road
lighting installation, it is arguably better to calculate AECI in such a way that the
"reference PDI" is directly included in the calculation and that the influence of
illumination on the AECI value can be clearly seen:
AECI = PDIxE,, x Fp xT x 0.001

Where, AECI is in units of kWh.m2.yr

PDI is in units of W.Ix*.m™

Em is the maximum maintained illuminance (Ix),

Fp is the dimming factor for any programmed dimming.

T is the operating time (h.yr?)

0.001 is the number of kW in 1W

It is clear that the higher the average light level (E,, x Fp) or the longer the lights are on
(T), the higher will be the AECI.

A closer look at the PDI variable

The PDI is the other major variable and, as initially described in TR 2.0, a breakdown of
the factors that affect PDI values is provided so that readers can understand why a fixed

PDI value for all roads cannot be used:
PDL..s(W.lx 1. m™2) = _
ref Nium X FM xU

Where:

e Num is the luminaire efficacy (in Im/W).

e Fy is the maintenance factor (unitless, accounting for both lamp lumen
depreciation and dirt on the luminaire housing, i.e. Fi yxFim).

e U is the utilance (unitless, expressing the % of total light output that lands on the
target areas).

Luminaire efficacy

With regards to luminaire efficacy, the reader is referred to the background research
carried out for TS1 (see section 0). The main points are that the LED technology is
improving at such a rate that it would be necessary to increase the ambition level every
2 years.

Factors that affect the luminaire efficacy for LED are the year it was produced (as rapid
developments continue) and if the CCT is <2700K or not.

Maintenance Factor

A maintenance factor of 0.85 (subtracting 0.10 for lamp lumen depreciation, F v and
0.05 for dirt accumulation, Fv) is suggested here but this can be altered by the
procurer. The maintenance factor can be considered as the combined effect of all factors
that decrease the light output from the luminaire (i.e. lamp lumen output depreciation
and dirt accumulation on the luminaire). The latter factor will be influenced by the
degree of atmospheric pollution (especially particulate matter), proximity to vegetation,
luminaire housing geometry (e.g. flat or rounded), the luminaire housing material and
the cleaning frequency. Local authorities have often used general calculation tables to
estimate the maintenance factor.
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Table 9. Example of a table to estimate the maintenance factor for road lighting (Sanders and Scott, 2008).

Cleaning Luminaire maintenance factor (Fyn)

interval IP2X IP5X IP6X

(months) High Medium Low High Medium Low High Medium Low

pollution | pollution | pollution | pollution | pollution | pollution | pollution | pollution | pollution

12 0.53 0.62 0.82 0.89 0.90 0.92 0.91 0.92 0.93
24 0.48 0.58 0.80 0.87 0.88 0.91 0.90 0.91 0.92
36 0.45 0.56 0.79 0.84 0.86 0.90 0.88 0.89 0.91
48 0.42 0.53 0.78 0.76 0.82 0.88 0.83 0.87 0.90

High pollution is generally considered to occur in large urban or heavily industrialised
zones. Medium pollution is attributed to semi-urban, residential or light industrial zones
and low pollution is attributed to rural areas.

It is clear from Table 9 that the Ingress Protection rating will also have a major effect, at
least between IP2X and IP5X. Other GPP criteria mentioned later (see TS12) recommend
a minimum IP5X in some cases and IP6X in the majority of cases.

However, the traditional rules of thumb for luminaire maintenance factors in the UK were
shown to be overly conservative by Sanders and Scott (2008). A more appropriate
approach was to consider mounting height and to split areas into different
"environmental zones".

Table 10. Actual observed data of maintenance factor for IP65 luminaires in UK

Cleaning E1l: national parks, E2: generally outer E3: generally urban E4: generally urban
interval areas of outstanding urban and rural residential areas areas having mixed
(months) natural beauty residential areas residential and

commercial use with
high night time

activity
<6m =>7m <6m >7m <6m >7m <6m >7m
12 0.98 0.98 0.98 0.98 0.94 0.97 0.94 0.97
24 0.96 0.96 0.96 0.96 0.92 0.96 0.92 0.96
36 0.95 0.95 0.95 0.95 0.90 0.95 0.90 0.95
48 0.94 0.94 0.94 0.94 0.89 0.94 0.89 0.94

The data collected by Sanders and Scott reveals that in general, the lumen depreciation
due to dirt accumulation is much lower than previously assumed. This may be due to
improved emission control on vehicles, decreased industrial activity in the UK or other
factors. Interestingly, the data also revealed that mounting height had no effect on
luminaire maintenance factors in areas of low pollution but did have an effect in areas of
higher pollution.

Regardless, the main purpose of showing these tables is to explain that the choice of
maintenance factor is important. While the F v is confirmed by the lighting equipment
manufacturer, the F v is very much up to the procurer to define and may use overly
conservative rules of thumb that led to overdesign in the lighting installation.

Factors that influence the MF include: light source performance (product specific) and local
environment, luminaire housing, pole height and cleaning frequency (site specific).

The Utilance Factor

The utilance is determined according to road width, pole placement, luminaire height and
the ability of the optics to focus light on the target area while minimising the spillage of
light outside of the target area. Experience shared by stakeholders implied that road
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width was the most important influence on utilance. The utilance factors that have been
used to calculate the reference PDIs listed in Technical Annex II are as follows:

Table 11. Utilance factors as a function of road width and ambition level

Road width Core level Comprehensive level
= 9m
8-9m 0.70 0.75
7-8m 0.63 0.70
6-7m 0.56 0.60
5-6m 0.49 0.55
< 5m 0.42 0.50

This is the general guide to follow unless the procurer decides to choose their own
utilance based on site specific freedoms or restrictions for optimising the lighting design.
For reference, the highest utilance that can be realistically considered today would be
around 0.78, and that is only when there are no constraints on the placement of poles
and mounting heights of luminaires. In sites where there are lots of constraints on
optimising the optical design, a utilance factor as low as 0.35 may be justifiable even for
roads that are wider than 5m.

The utilance factors recommended in Table 11 show that the comprehensive level
requirements consistently ask for slightly better optics and/or luminaire placement than
the core level. For both ambition levels, the relationship with road width is the same. For
narrow roads the utilance can improve by some 10-20% for every metre that the road
widens at least up to a width of 8m. Beyond widths of 8m, the achievable utilance factor
can be assumed to be relatively constant.

Factors affecting utilance are the road width, luminaire optics, luminaire tilt angle and pole
positioning.

6.3.2. Stakeholder discussion
Comments about AECI vs PDI

Although it was agreed that PDI and AECI are closely related to each other, there was
considerable discussion about whether or not criteria should be set for PDI.

The main argument against PDI was that it was an additional complexity that procurers
might not understand properly.

The main argument in favour of PDI criteria is that it ensures that the design delivers
enough light to the road for a certain amount of power consumption.

One stakeholder stated that the usefulness of the PDI criterion really depends on how
interested the procurer is in minimum lighting levels and design performance - which
can vary depending on the nature of the road. For example:

e Where details of road layout, lighting level or dimming are not specified by the
procurer in sufficient detail and there is little or no flexibility in the design, the
calculation of PDI is not so valuable and only AECI linked to a defined reference
PDI would be necessary.

¢ When sufficient details are provided and flexibility in the design is possible, there
is a real opportunity to optimise PDI (and thus AECI) by good design. So in this
case, a PDI criterion could be specified and allowed to be used in the AECI
calculation.
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However, other stakeholders felt that so long as the influence of PDI was clearly
demonstrated on AECI, the simplest approach would be to set AECI < PDI, x E,m. Then
it would simply be up to the procurer to define either:

e the AECI that they want (the tenderers then have to see what light level is
possible and how much dimming would be needed to respect that AECI) or

e the light level (E,m) that they want (the tenderers have to see what luminaire
efficacy, maintenance factor and utilance they can justify in their design for the
lowest AECI at that E,m).

For this new approach to work, it is necessary to justify a series of PDI,,s values that can
be used as a basis. As mentioned earlier, the luminaire efficacy, maintenance factor and
the utilance are the variables affecting PDI.

For consistency, when constructing the PDI reference tables in Technical Annex II, the
same numbers for luminaire efficacy that are stated in section 6.1.3 have been used. A
single maintenance factor of 0.85 has been used for all situations (procurers may change
this if they wish when setting minimum PDI, values). The utilance factor is defined as a
function of road width (higher utilance for higher road widths) but the assumed utilance
is also more ambitious in the comprehensive level requirements.

In the same table where PDI reference values have been defined in Technical Annex II,
they have been translated into what is termed "AECI base values". These are basically
the translation of the equivalent PDI reference value into AECI but not yet accounting for
the light level (which the procurer should specify).

Finally, and still in the same table, specific AECI values have been inserted based on the
average maintained illuminance levels required for a number of different road lighting
classes.

The relationship between the 3 sets of values in the table in Technical Annex II can be
explained as follows:

e PDI reference (W.Ix*.m™) is based on luminaire efficacy, maintenance factor and
utilance factor.

e AECI base value (kWh.Ix.m™.yr!) is basically the PDI reference multiplied by
operating time (h.yr'!), multiplied by any dimming factor (unitless, =1.00 for core
and 0.73 for comprehensive) and converting W into kW (i.e. x 0.001kW/W).

e Specific AECI value (kWh.m™2.yr!) is basically the AECI base value multiplied by
the average maintained illuminance (Ix) that the procurer wants.

The illuminance levels are all that needs to be specified for C and P class roads. For M
class roads, it would also be necessary to convert illuminance into luminance, which
would require an assumption to be made about the surface reflectivity of the road. Since
this reflectance value can vary significantly, it was decided not to propose any specific
AECI values for M class roads just in case procurers mistakenly presume that all roads
have whatever reflectance value that would have been used as an assumption in
developing the AECI reference values for M class roads for EU GPP criteria.
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6.3.3. Criteria proposals for AECI

Core criteria Comprehensive criteria

TS4 Annual Energy Consumption Indicator (AECI)

(Applicable when a new lighting installation is being designed or when a redesign is required due to
the refurbishment of an existing lighting installation or the retrofitting of new luminaires. Procurers
should pay particular attention to the numbers submitted for the maintenance factor and utilance
from the designer/tenderer and make sure that they are realistic and justifiable.)

(Same for core and comprehensive criteria, although PDI reference values are higher for comprehensive level
approach - see Technical Annex I.)

The procurer shall provide technical drawings of the road layout, together with the areas
to be lit and the illuminance/luminance requirements.

For M-class roads, the procurer shall define the surface reflectivity coefficient of the road,
which tenderers should use in their luminance calculations.

To aid tenderers in their assumptions for design maintenance factors, the procurer should
define with what frequency the luminaires will be cleaned.

For the average maintained illuminance/luminance defined by the procurer, the AECI of
the design shall comply with the equation below:

AECIgesign < PDIrer X Em X Fp X T x 0.001
Where:
PDI is the power density indicator, in units of W.Ix*.m™
E., is the maximum maintained illuminance (Ix)
Fp is the dimming factor for any programmed dimming
T is the operating time (h.yr?)
0.001 is the number of kW in 1W

The PDI.s value used shall depend on the road width and year as listed in Technical
Annex I. Lower PDI, values than those listed in Technical Annex I are justified in cases
where light sources with CCT <2700K are also specified.

Verification:

The tenderer shall state what lighting software has been used to calculate the PDI value
and provide a clear calculation, where the values for the luminaire efficacy, maintenance
factor and utilance factor of their proposed design are visible. The calculation results
must include the measurement grid and calculated illuminance/luminance values.

AC2: Enhanced AECI

(Applies to TS4.)

(Same for core and comprehensive criteria.)

A score of up to X points shall be awarded to tenderers that are able to provide designs
that result in a lower AECI than the maximum limit defined in TS4.

Maximum points (X) will be awarded to the tender with the lowest AECI value and points
shall be proportionately awarded to any other tenders whose designs are lower than the
maximum limit in TS4 but do not reach the value of lowest energy consuming tender.
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6.4. Metering

6.4.1. Background research and supporting rationale

As shown in the Preliminary report (PR), the operational costs of electricity are the major
source of environmental impacts. The purchase of electricity is a major contributor to the
total cost of ownership of road lighting installations and can represent a significant
fraction of total electricity costs for municipalities.

As mentioned in the PR (section 3.3.3), more and more cities understand that a
metering system for a road lighting network may play a strategic role in energy
consumption and CO, emission reduction measures. A metering system could potentially
be added to the existing road lighting system, even if non-LED technologies are in place.

The electricity has to be billed and purchased for road lighting, but in a lot of cases there
are no meters to count the electricity consumption. In those cases it usually means that
the bill to pay is estimated by the lamp power and the operation time without
considering the real consumption, which may vary especially if dimming and CLO drivers
are used. With traditional HID lamp technologies and operating practices, this was not a
major issue because lamps only came in a limited number of power ratings (e.g. 50W,
70W, 110W), the same type of ballasts were used and operational profiles did not
account for CLO, curfew dimming or user dimming based on motion-sensor calculated
traffic volume.

However, with the rise of LED technology, lamps are available in a much wider range of
power ratings. The use of CLO drivers to avoid excessive power consumption and over-
lighting of installations during initial operation is increasingly being considered. For
municipalities and road authorities under budgetary pressure or wishing to reduce light
pollution, the ability to dim light output during defined periods of low use is essential.

If dimming control programs that activate different dimming levels based on real life, in-
situ variations in daylight or traffic are used (see bottom option in Figure 12), it will be
impossible to accurately predict electricity consumption. In these cases especially, the
metering of electricity consumption at the luminaire level, or at least at the level of the
installation responding to these dimming controls, is the only way to ensure that the
billing for electricity is accurate and to also know how these dynamic dimming controls
perform compared to simpler fixed curfew dimming controls or to no dimming control.

Metering at the level of the luminaire could provide valuable information about the
lifetime performance of the light source and control gear and, if reported remotely,
would also identify any abrupt failures. Such data could also be valuable if attempting to
identify the cause of abrupt failures (e.g. during storm periods, accidents or pinpointing
an act of vandalism). Long term metering data could provide valuable feedback to
manufacturers as well, to complement the laboratory data they already have.

Reference to the Measuring Instruments Directive (MID) was made in the criteria
proposed in TR 1.0 and such a reference is maintained in the TR 2.0 and TR 3.0
proposals. However, due to the costs and effort involved in complying with the
requirements of the MID, this condition should only apply to a meter installed at the sub-
station for a lighting installation and not to individual luminaire level meters.

6.4.2. Stakeholder discussion

The interest in metering was highlighted by a request to consider the creation of a
database with the real electricity consumption of the road lighting by authorities in each
city. Ideally data should be based on meter readings dedicated to lighting installations
and networks. However, it would still be possible to report data based on the MWh
consumption that is simply billed and the number of lighting points/km of it
road/inhabitants covered by that bill.
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Stakeholders confirmed that metering of electricity consumption in road lighting
installations is not common practice. Consumption is often estimated for billing purposes
by multiplying the number of luminaires by the typical luminaire power consumption and
factoring in any dimming scenarios. Some extreme examples in the UK were cited where
billing for electricity consumption was simply based on a fixed cost per luminaire and did
not account for any lower consumption due to higher efficacy light sources or dimming.
It was questioned if metering was actually a “green” criterion although it would be very
useful in providing direct positive feedback to road network managers on any measures
taken to improve energy efficiency.

A distinction was made between metering at the level of the installation and at the level
of the individual luminaire. The main problems with installing metering systems for
installations were related to the need to comply with different regulations, additional
costs and, in urban areas at least, limited space for new electrical cabinets and/or limited
space in existing cabinets.

At the individual luminaire level, it is possible to specify control gear that is at least
compatible with metering and that remote reporting of electricity consumption offers
significant potential in monitoring operational performance, especially if linked to
constant light output controls but also to detect abrupt failures in some or all of the light
sources in a particular luminaire.

Considering the potential to embrace smart lighting principles, some stakeholders were
in favour of introducing individual luminaire reporting compatible with remote systems as
an award criterion, since it would entail additional costs. However, any attempts to
promote metering at the level of the individual luminaire would have a major cost
impact. Some ball-park figures quoted for the costs were:

e Luminaire: 300-600 EUR
e Meter for individual luminaire: 100-200 EUR
e Junction box installation (single meter for full installation): 1000-2000 EUR

With smart controls, there would also be additional costs associated with the licensing of
software and possibly other ancillary equipment.

Another point that was raised during the final written consultation was why no criterion
for a minimum power factor had been proposed. The power factor is generally
considered as the ratio of the real power consumed by a load (expressed in Watts and
registered by the meter) to the apparent power of the circuit (expressed in Volt Amps).

The highest possible power factor is 1, indicating no loss of current or distortion of
harmonics in the supplied "apparent” power. As losses and/or distortions in harmonics
increase, the power factor decreases. Low power factors are problematic for electrical
power suppliers and owners of road lighting installations could potentially face penalty
charges for installing equipment with unacceptably low power factors.

Lower power factors also result in hidden environmental impacts since they increase
losses in transmission lines, requiring more energy sources to be depleted to meet a
given electricity demand. However, since these losses are not captured by increased
consumption on client-side meters, it is important to specify a minimum acceptable
power factor in GPP criteria.

The IEA 4E SSL Annex Tiers for outdoor lighting (street lighting luminaires, published in
November 2016, already sets a minimum requirement of a power factor 20.90 for all
LED road lighting.

The power factor is one aspect that is optionally reported on in the LightingFacts
database and an analysis of over 7000 luminaires approved between 2009 and 2017
revealed that:

e 3620 of 7783 luminaires (46.5%) reported a power factor.
e 16 of those 3620 luminaires (0.4%) had a power factor <0.90.
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To avoid the risk of procurers ending up

421 of those 3620 luminaires (11.6%) had a power factor of 0.90 < x < 0.95.
3183 of those 3620 luminaires (88.0%) had a power factor of >20.95.

with luminaires that have unacceptably low

power factors, and thereby facing the risk of penalty charges from electrical power
suppliers, it is proposed to have a minimum technical specification for power factor.

6.4.3. Criteria proposals for metering and power factor

Core criteria

Comprehensive criteria

TS5 - Metering

(Applicable to all tenders where no dedicated
meter is yet in place for the lighting
installation.)

The procurer shall state any specific
technical requirements for the metering
system in the ITT.

The tenderer shall provide details of the
proposed metering equipment and any
ancillary equipment required in order to
monitor electrical consumption at the
lighting installation level for the same
lighting installation that is the subject
matter of the ITT.

Verification:

The tenderer shall provide the technical
specifications of the metering and
measurement system and provide clear
instructions on how to operate and
maintain this system. A calibration
certificate compliant with Measuring
Instruments Directive 2004/22/EC shall be
provided for each control zone.

(Applicable to all tenders where no dedicated
meter is yet in place for the lighting
installation.)

The procurer shall state any specific
technical requirements for the metering
system in the ITT.

The tenderer shall provide details of the
proposed metering equipment and any
ancillary equipment required in order to
monitor electrical consumption at the
lighting installation level for the same
lighting installation that is the subject
matter of the ITT.

The metering device must be capable of
logging data on a 24-hour basis that can
later be manually or remotely downloaded.

Verification:

The tenderer shall provide the technical
specifications of the metering and
measurement system and provide clear
instructions on how to operate and
maintain this system. A calibration
certificate compliant with Measuring
Instruments Directive 2004/22/EC shall be
provided for each control zone.

TS6 - Power factor

(Applicable when LED Iuminaires are being
procured.)

The power factor for the luminaire to be
installed shall be =0.90.

Verification:

The tenderer shall provide a declaration of
compliance with the criterion for the
lighting equipment they intend to supply,
supported by a declaration from the
manufacturer and results from tests
carried out in accordance with IEC 61000-
3-2.

(Applicable when LED Iluminaires are being
procured.)

The power factor for the luminaire to be
installed shall be =20.95.

Verification:

The tenderer shall provide a declaration of
compliance with the criterion for the
lighting equipment they intend to supply,
supported by a declaration from the
manufacturer and results from tests
carried out in accordance with IEC 61000-
3-2.

55




6.5. Contract performance clauses relating to energy efficiency

6.5.1. Background research and supporting rationale

A CPC was proposed to ensure the correct functioning of any specified controls (e.g.
timers, daylight controls, CLO drivers etc.) that relate to routine operation and dimming
of the installation. The correct operation of these controls will have a direct impact on
energy consumption (i.e. PDI and AECI values).

The contractor is obliged to provide the originally installed lighting equipment as
specified in the design used in the successful tender except in cases where equivalent or
better performing equipment can be provided at no extra cost to the procurer. The need
for this CPC is to prevent the contractor from substituting the originally specified lighting
equipment for cheaper (and inferior) products. However, if cheaper products are
available on the market that are of equivalent or superior performance, then this CPC
also allows for this mutually beneficial situation to be embraced, so long as it is clearly
communicated to the procurer and that adequate supporting evidence is provided of the
performance of the alternative lighting equipment.

A comprehensive level CPC (CPC6) has been proposed, which only applies to contracts
where a re-design or a new design has been carried out. The CPC requires that a road
area selected by the procurer, free of obstructions such as trees, bus-stops and parked
vehicles and as free as possible from interference from other background light sources
such as advertising boards and buildings, is tested for actual lighting levels and
compared with the actual power consumption of the relevant luminaires. Due to the
requirements for testing, CPC6 would tend to be suitable only for M-class roads.

The aim of CPC6 is to ensure that the appropriate level of illuminance/luminance is
achieved on the road (not too high and not too low). Where the same contract has set
energy consumption requirements (e.g. AECI) the monitoring of power consumption
must be measured. The two measurements (light level and power consumption) are the
only way to verify if an installation is actually resecting the claims (e.g. PDI and AECI) of
the design in the winning tender.

6.5.2. Stakeholder discussion

For verification of the in-situ PDI value, the measurement grid and calculated illuminance
values should be provided by the designer and they can be verified by an illuminance
meter (+/- 10 %). Nonetheless, it was pointed out that such measurements are
complicated due to uneven road surfaces, which requires a self-levelling photometer and
increased measurement time. Taking measurements from a point 10 cm above the road
surface was not recommended due to interference by reflected light from other sources.

Stakeholders had strong opinions about post-completion monitoring of energy efficiency
performance. It was emphasised that although it was very useful and obliges the
contractor to comply, this would introduce additional costs and should only be used in
contracts that cover larger installations. One ball-park figure that was mentioned was
4000 EUR per project. The extra time, effort and cost associated with CPC6 may be
considered as excessive in smaller projects. Even in larger projects, the nature of the
road area to be lit may be so affected by background light (cars, windows, adverts etc.)
and other interference (balconies, trees, parked vehicles etc.) that obtaining a realistic
measurement that can be compared to the original design would not be possible or
practical.

The option to measure illuminance instead of luminance was supported because it is
possible that the reflectance of the real road differs significantly from the assumed
reflectivity used in photometric calculations.
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When considering onsite verification of light levels and energy consumption, the work of
CEN TC 169 regarding verification steps should be considered and acceptable tolerances
should be considered in terms of Annexes E and F to EN 13201-4.

One key question that arose with the comprehensive level CPC was “what happens in
cases of non-compliance”? Ultimately this should be defined by the procurer and be
clearly stated in the ITT. Options would be either to remedy the works at no additional
cost or the application of financial penalties in proportion to the discrepancy between
claimed energy efficiency and photometric performance. There is also the option to
provide bonuses in the case of superior performance.

6.5.3. Criteria proposals

Core criteria Comprehensive criteria

CPC4: Commissioning and correct operation of lighting controls

(Applies to TS2 and TS3.)

(Same for core and comprehensive criteria.)

The successful tenderer (contractor) shall ensure that new or renovated lighting systems
and controls are working properly.

e Any daylight linked controls shall be calibrated to ensure that they switch off the
lighting when daylight is adequate.

e Any traffic sensors shall be tested to confirm that they detect vehicles, bicycles
and pedestrians, as appropriate.

e Any time switches, CLO drivers and dimming controls shall be shown to be able to
meet any relevant specifications defined by the procuring authority in the ITT.

If after the commissioning of the system, the lighting controls do not appear to meet the
relevant requirements above, the contractor shall be liable to adjust and/or recalibrate
the controls at no additional cost to the procuring authority.

The contractor shall deliver a report detailing how the relevant adjustments and
calibrations have been carried out and how the settings can be used.
Note: For large utilities the new or renovated installation may simply have to be compatible with the existing

control systems used for the wider lighting network. In this situation, this CPC would also refer to the
compatibility of the controls with the existing control system.

CPC5: Provision of originally specified lighting equipment

(Applies to TS1-6 and AC1-2.)

(Same for core and comprehensive criteria.)

The contractor shall ensure that the lighting equipment (including light sources,
luminaires and lighting controls) is installed as specified in the original tender.

If the contractor changes the lighting equipment from that specified in the original
tender, explanations must be provided in writing for this change and any replacement
equipment must match or exceed the technical specifications of the original lighting
equipment (e.g. luminaire efficacy, dimming functionality, Ry etc.).

In either case, the contractor shall deliver a schedule of the actually installed lighting
equipment, together with manufacturer invoices or delivery notes in an appendix.

If alternative lighting equipment is installed, test results and reports for luminous efficacy
from the manufacturer(s) of any new light sources and luminaires shall be provided,
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along with relevant documentation stating the performance of any new lighting controls.

CPC6: Compliance of actual energy efficiency and lighting levels with design

claims

(Only recommended for large installations with a significant
amount of installed power in non-urban environments.)
Where relevant, a suitable non-urban road sub-area
shall be selected by the procurer where the luminaire
positioning is in line with the PDI photometry study for
in-situ photometric measurements (according to EN
13032-2) and energy consumption measurements
(according to EN 13201-5) during an agreed period of
one week.

The selected sub-area must be free of significant
interference to lighting from trees, bus stops or
parked vehicles and from background light levels
caused by advertising boards or buildings.

For M-class roads with luminance requirements, it
shall be acceptable to provide illuminance data
instead, if concerns about the effect of real road
surface reflectivity deviating significantly from design
assumptions are justifiable.

The parameters influencing the uncertainty in
illuminance measurements mentioned in Annex F to
EN 13201-4 should be considered. It is advisable to
use automated illuminance measurement systems and
to agree on the illuminance and data point tolerances
before the project (£10 % is suggested).

During the same one-week period peak power [W]
and energy consumption [kWh] shall be measured
and/or calculated for the relevant light points.

The in-situ measured values of PDI and AECI shall be
+10 % of the design AECI value and * 15 % of the
design PDI value.

Note: The consequences of non-compliance with the
design values for PDI and/or AECI should be defined
in the ITT. Options could include:

e Remedial works to be undertaken at no additional
cost to the procurer.

e Financial penalties in proportion to the degree of
non-compliance (perhaps related to foreseeable
additional electricity costs over a defined period
caused by the poorer performing installation).

In cases where non-compliance is disputed, the
contractor may repeat the measurements on the same
sub-area or, if it can be argued that the sub-area was
not suitable for measurement, select another sub-
area. The procurer shall not be liable for the cost
burden of any additional measurements.

If the performance is actually better than the design
predictions, financial bonuses may apply if the
procurer chooses to define them in the ITT.
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7. Light pollution criteria

As mentioned in the Preliminary report summary, light pollution is one of the
environmental impacts associated with road lighting that is not captured by LCA analysis.
Broadly speaking, light pollution can have diverse adverse impacts of artificial light on
the environment due to any part of the light from a lighting installation that:

1. is misdirected or that is directed on surfaces where no lighting is required
2. is excessive with respect to the actual needs
3. causes adverse effects on human beings and the environment"

Some strong opinions were expressed by certain stakeholders about this topic, with the
most extreme arguments stating that the most environmentally friendly road lighting
system is the one that was never built in the first place.

Although the aforementioned argument is technically correct and valid, it must be
emphasised that the EU GPP criteria does not intend in any way to influence the decision
to light a road or not. The way EU GPP criteria should fit into procurer decisions is
illustrated in Figure 13.

Regional and Potential
local planning incorporation
laws and of EU GPP
committees. criteria.
Urban roads |
| — Responsible autherity: —
* Urban roads (normally the 3 YES Invitation to
. oy - Should the _ tender
municipality). >

) d be lit?
* Non-urban roads (normally roadme NO

A
the road authority).

Mational road
lighting plans

Non-urban roads

Figure 13. Role of EU GPP criteria in planning process for road lighting installations

From Figure 13, it is clear that the decision making process of whether or not to light a
road is the responsibility of the relevant public authority and that the decision will
ultimately be determined by provisions made in national, regional and local planning
procedures. Only once the decision to light a road has been taken and an Invitation to
Tender (ITT) is drafted, would EU GPP criteria potentially apply.

One example of national planning guidelines for limits on upward light pollution is that of
the UK, which is based on technical guide CIE 126:1997. In a similar manner, Catalonia
(DECRETO 190/2015) (Spain) has developed its own planning law for public lighting. The
levels recommended in these two regions are split into "lighting zones" and are
compared to CIE 126:1997 in the table below
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Table 12. Upward light limits as a function of environmental zone in UK, Catalonia and CIE 126

Maximum Ry.o (%)

Environmental lighting zone CIE 126 | UK (ILE, Catalonia
/ 150 2002) non-curfew/curfew
EO, Intrinsically dark: UNESCO Starlight Reserves, 0
IDA Dark Sky Parks, major optical observatories.
E1l, Dark: Relatively uninhabited rural areas, (e.g.
national parks, areas of outstanding natural 0 0 2/1
beauty).
E2, Low district brightness: Sparsely inhabited
rural areas (e.g. villages or relatively dark outer 5 2.5 5/2

suburban locations).

E3, Medium district brightness: Well inhabited rural
and urban settlements (e.g. small town centres and 15 5 10/5
suburban locations).

E4, High district brightness: Town and city centres
and other commercial areas with high levels of 25 15 25/ 10
night-time activity.

Although zoning is a useful idea for lighting requirements, stakeholders have repeatedly
stated that with RULO, the zoning approach is at best of limited use due to the fact that
upward light can affect star visibility in other areas over 100km away.

A more stringent approach to light pollution is exemplified by the Low Impact Lighting
(LIL) standard, which has especially been promoted by German, Italian and Slovenian
members of the European Environmental Bureau. The standard sets out the following
requirements:

e Specific energy consumption of 15 kWh/pe/yr for all outdoor public lighting.

e CCT <2200K with less than 6% of total emissions in the <500nm range (except

when average illumination is <5 Ix, where CCT can rise to 2700K and <500nm

emission can rise to 10%).

ULOR of 0.0% both when new and when dirty.

Ban on lighting on any roads, exits and junctions outside of settlements.

Pole distance must be at least 3.7x the pole height.

Maximum luminance allowed is 0.5 cd/m? (i.e. no brighter than an EN 13201

compliant M5 class road).

e Curfew dimming to at least 10% with adaptive technology or to at least 50% with
non-adaptive technology.

e Mean time of luminaire failure must be at least 100000 hours or 25 years.

e Luminaire efficacy must be: >50lm/W for lighting less than 1900K, >95Im/W for
lighting of 1900-2200K or > 100lm/W for lighting of 2200-2700K CCT
(exemptions may apply when mechanical shielding is added to prevent unwanted
lighting or when the pole distance:pole height ratio exceeds 6:1).

e Utilisation factor of at least 70% (i.e. 0.70) must be achieved except in cases of
narrow cycle or pedestrian paths, where it can be at least 40%.

e Illumination on residential windows cannot exceed 0.01 to 0.50 Ix depending on
how close the window is to the illuminated public place.

The LIL standard has rules that would not follow the recommendations set out in EN
13201, so procurers interested in such an approach should take care that there is no
national or regional legislation that would oblige them somehow to implement the EN
13201 recommendations. The LIL standard clearly prioritises light pollution over energy
efficiency but, by advocating lower light levels and curfew dimming, would have a
significant beneficial impact on overall electricity consumption of a particular lighting
installation - especially when compared to the direct implementations of EN 13201
recommendations for the same area.
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The concept of light pollution can broadly be considered as the alteration of natural light
levels by human activities, including the emission of artificial light. Light pollution may
undermine enjoyment of the night sky (phenomenon skyglow), be harmful to species or
be a source of annoyance to people (glare and obtrusive light).

7.1. Ratio of Upward Light Output (RyLo / ULOR)

7.1.1. Background research and supporting rationale

Skyglow

The central argument for having criteria that limit the upward light output ratio is to
reduce the artificial brightening of the night sky (skyglow) but also to help limit obtrusive
light in built-up urban areas.

For obvious reasons, one of the first stakeholder groups to raise concerns about skyglow
from light pollution was astronomers. The Royal Astronomical Society (RAS) in the UK
found that 80% of their members could not, or could barely see the Milky Way, having to
travel 5-50 miles before being able to find suitable viewing conditions. Falchi et al.,
(2016) concluded that 88% of land in Europe has a night sky that is considered polluted
by astronomers and only 1% that could be considered as "pristine".

LED luminaires typically include glass envelopes, lenses, optical mixing chambers,
reflectors and/or diffusers to obtain the desired light distribution. This makes them
better suited to deal with ambitious Ry o requirements. With traditional HID cobra-heads
there was a trade-off when choosing between drop refractor type lenses and flat glass
lenses. Drop lens units were typically used for wider pole spacings and more uniform
lighting patterns. Flat glass units usually have less upward light output, better control of
light trespass into residential windows, and lower high angle glare. However, flat glass
also reduces the total light output or efficiency of the luminaire due to increased internal
reflections. Internal reflections can be attenuated by using anti-reflective coatings.

From the point of view of environmental impact and products available on the market
there are no grounds to discriminate Ry o requirements according to EN 13201-2 road
classes.

Thanks to the use of satellite mounted cameras and sensors, it is possible to have an
idea of the actual levels of light pollution across the whole of Europe.

Figure 14. Light pollution in Europe: "Earthlights 2002" published by NASA (left) and a map of skyglow from Falchi
et al., 2016 based on VIIRS DNB data from the Suomi NPP satellite (right).
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From the images in Figure 14 it is clear that Europe has significant levels of light
pollution. The particular impact of major cities can be seen in the cases of Madrid, Paris,
London and Rome compared to surrounding areas. The largest areas of consistently high
light pollution are in northern Italy, the “low countries” (Belgium and the Netherlands),
mid-western England and on the coastline between Lisbon and Porto.

According the data presented by Falchi et al., (2016) only around 7% of the land in
Europe suffers from light pollution levels that are high enough to prevent viewing of the
Milky Way. However, unfortunately around 60% of the European population live in these
polluted areas. Concern was expressed by the authors about a significant amount of light
pollution being missed in the future as the many lighting installations shift to LED. The
problem is that, unlike traditional sodium lamps, LED emits a significant portion of its
light output in the 400-500nm range. The sensitivity of the satellite mounted VIIRS DNB
(Visible Infrared Imaging Radiometer Suite Day Night Band) sensor is only useful
between 500 and 900nm. So one consequence of a shift to more energy efficient, LED-
based street lighting could possibly be that there is a perceived drop in light pollution
levels measured by VIIRS DNB that may or may not be true.

Blue light can hinder naked eye astronomic observations by increasing skyglow because
it scatters more in the atmosphere and the eye is more sensitive to it at low light levels.

Existing criteria and ambition level

The existing EU GPP criteria, published in 2012, make a distinction between road classes
(ME1-ME6, CEO-CE5, S1-7 and roads split by use type (functional or amenity lighting).
UOR requirements were much higher, ranging from 3 to 25%.

The best benchmark recommended in EC 245/2009 is to have ULOR at a maximum of
1% for all road luminaires. Because the GPP criteria are voluntary and have the aim of
increasing awareness of environmental criteria that can apply in ITTs, it is proposed that
all luminaires have a ULOR of 0% when tested in the laboratory and that if the
installation requires tilting of the luminaire, that this should not result in upward light
output (i.e. shielding of luminaire most be appropriate to cover the tilt angle, which is
typically 5 to 15°).

7.1.2. Stakeholder discussion

Stakeholders highlighted the major benefits that were possible in reducing light pollution
from road lighting due to reduced upward light output from luminaires, better directed
optics using LED technology and curfew dimming. It was pointed out that municipalities
would also have to be pro-active in other areas beyond the scope of EU GPP criteria for
road lighting if they really wanted to minimise light pollution as much as possible, for
example the lighting of monuments, buildings, parks, advertisements, commercial and
private properties.

About RM

In the TR 1.0, it was proposed that Ry should be less than 1% for all road classes and
lumen outputs for both the core and comprehensive ambition level.

The initial proposal was criticised by stakeholders from several different perspectives.
One simple criticism was that the terminologies and acronyms should be updated to
reflect recent changes in terminology in international standards (EN 12665:2011 could
be considered as a case in point). It was pointed out that Ry o (percentage of total light
output above 90°) might address diffuse light pollution to the night sky but does nothing
for addressing obtrusive light into adjacent areas. In order to address obtrusive light,
procurers should be able to stipulate requirements for certain CIE flux codes at 80° and
70° to the vertical. It was stated that light emitted near the horizontal can scatter for
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100km if unobstructed. To better understand these requirements, flux codes should be
considered in the context of the flux diagram provided in EN 13032-2. A closer look at
what the flux codes actually mean is illustrated in Figure 15.

FCU3

CIE flux code: #1 #3 #4 LOR

CIE flux code: 45 95 100 68
7 AN < . .
% of total light flux within_—" N\ % of total light flux within
41.4° of the vertical - N\ 90° of the vertical
% of total light flux within
75.5° of the vertical

Figure 15. lllustration of illuminated zones applicable to CEN flux codes.

The CIE flux codes are reported in a series of 5 numbers, all of which relate to a certain
percentage of the total luminous flux from the light source. First it is worth explaining
the last number in the sequence (i.e. 68 in the example above). The number 68 refers to
the LOR (Light Output Ratio) and basically means that of all the light produced by the
light source, 68% of it actually leaves the luminaire.

The other four numbers all relate to the fraction of that 68% of light leaving the
luminaire and within what range of angles to the vertical it falls.

An example requirement for a flux code would be FCL3 >99 for comprehensive level
(meaning that 99% of total light output is within the vertical downward 75.5° angle).
When dealing with Ry, it is basically a requirement on FCL4. For example, FCL4 =99 is
equivalent to a maximum Ry o of 1% while FCL = 100 is equivalent to a Ry o of 0%.

The initial 1% Ry,o proposal was considered as unambitious by some stakeholders who
added that 0% was particularly easy to achieve for correctly installed LED luminaires.
However, it was added by another stakeholder that some degree of upward light output
(e.g. 1%) may be desirable in road lighting in old city centre locations with historical
buildings. Another comment suggested that a Ry o of 15% could be suitable in areas
where vertical illumination is required. One considerable advantage of 0% Ry o was that
it prevents the deposition of dirt via the carriage by water droplets during the life of the
luminaire. This could also have a positive impact on the maintenance factor of the
luminaire.

Another stakeholder in support of the use of flux codes commented that for every 1° tilt
upwards in the range of 30° below the horizontal to 30° above the horizontal, luminance
to the sky doubles. Regardless, any measurements of Ry.o should be based on luminaire
data from accredited laboratories (Article 44 of Directive 2014/24) in accordance with
the photometric intensity tables in EN 13032-1:2004+A1:2012 and EN 13032-4:2015.
Specifically for LED luminaires, measurements according to Annex D of IEC 62722-1
should be considered. It was added that field measurements of Ry o are not practical.

In Italy, one stakeholder made reference to light pollution laws that require fully shielded
fixtures for public road lighting and for any light source (public or private) with a light
output higher than 1500 lumens. The only exceptions may be with the lighting of
monuments or historical buildings.
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Figure 16 . Regions in Italy where 0% Ry, o is required (depicted in blue).

The same stakeholder added that the advantage of 0% Ry, is that it was the one value
that can be (relatively) easily verified in-situ although other stakeholders wished to point
out that any scientific assessment of Ry o in-situ would need to account for interference
of reflected light and direct light from other sources.

One potential problem with restrictions for Ry o was that it might lead to unintended
impacts on the energy efficiency (requiring more light points) or, where no extra light
points are introduced, on the level of uniformity. Some stakeholders added that they
were accustomed to working with glare classes instead of Ry, although these two
considerations do not fully overlap in terms of road lighting design. However, any
implementation of GPP criteria related to G classes would be more complex and require
additional guidance. Despite this additional complexity, it was stated that Italian GPP
criteria currently take G classes into account.

The core and comprehensive criteria have been set out in order to distinguish between
situations where the sole concern is to minimise upward light (core, Ryo 0%) and
situations where upward light, glare and/or obtrusive light are concerns (comp. Ry o 0%,
C3 flux code =97).

Other stakeholders complained that 0% Ry o will still not prevent skyglow because light
will also be reflected off the road surface. While asphalt generally has a reflectivity
coefficient of less than 0.08 (8%), other surfaces such as grass and especially concrete,
can have significantly higher reflection rates (see Figure 29 in Technical Annex I).

Although blue light tends to reflect less than redder light, any blue light that is reflected
will scatter in the sky much more than higher wavelength light (scattering is a function
of the reciprocal 4™ power of the wavelength). However, it was countered that such
reflection cannot be avoided, that the surface to be lit is not part of the same subject
matter of lighting procurement contracts. The biggest wins in reducing skyglow can be
made by reducing directly emitted upward light in the first place. Only after direct
upward emissions are drastically reduced, would reflected light become more significant.

It was requested that the proposal for 0.0% Ry also be maintained if the luminaire is to
be tilted when installed. If this requires that shielding be added to the luminaire, then so
be it.
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7.1.3. Criteria proposals for Ry o and obtrusive light

Core criteria

Comprehensive criteria

TS7 Ratio of Upward Light Output (Ry.0) and obtrusive light

(Applicable to all contracts where

luminaires are purchased.)

new

All luminaire models purchased shall be
rated with a 0.0 % RULO.

If it is necessary to use a boom angle,
either to optimise the pole distribution or
due to site constraints in pole positioning,
the 0.0 % RULO shall be maintained even
when the luminaire is tilted at the required
angle.

Verification:

The tenderer shall provide the photometric
file(s). This shall include the photometric
intensity table from which the RULO is
calculated according to EN 13032-1, EN
13032-2, EN 13032-4, Annex D of IEC
62722-1 or other relevant international
standards.

In cases where luminaires are not installed
horizontally, the photometric file shall
demonstrate that either:

- tilting the data by the same tilt angle to
be used with the luminaire still results in a
0.0 % RULO, or

- additional shielding has been fitted to the
luminaire and the shielded luminaire found
to show a 0.0 % RULO when tilted at the
design installation angle.

(Applicable to all contracts where new
luminaires are purchased. In situations where
glare or obtrusive light is a concern, procurers
should consider specifying a requirement for C3
flux codes.)

All luminaire models purchased shall be
rated with a 0.0 % RULO and with a C3
flux code of 297 according to photometric
data.

If it is necessary to use a boom angle,
either to optimise the pole distribution or
due to site constraints in pole positioning,
the 0.0 % RULO shall be maintained even
when the luminaire is tilted at the required
angle.

Verification:

The tenderer shall provide the photometric
file(s). This shall include the photometric
intensity table from which the RULO is
calculated according to EN 13032-1, EN
13032-2, EN 13032-4, Annex D of IEC
62722-1 or other relevant international
standards.

In cases where luminaires are not installed
horizontally, the photometric file shall
demonstrate that either:

- tilting the data by the same tilt angle to
be used with the luminaire still results in a
0.0 % RULO and a C3 flux code of 297, or

- additional shielding has been fitted to the
luminaire and the shielded luminaire found
to show a 0.0 % RULO and a C3 flux code
of =297 when tilted at the design
installation angle.
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7.2. Ecological light pollution and annoyance

7.2.1. Background research and supporting rationale

The most important aspect of light pollution is the potential harm it may cause to
species. Many thousands of years of evolution in harmony with natural photic
environments have been disrupted by human settlement and activity. Levels of artificial
lighting have increased dramatically in developed countries to the extent that light
pollution levels can even be considered as an indicator of economic activity (Henderson
et al., 2012). The nature of the photic environment can play an important role on mating
behaviour, ease of predation, ease of predator evasion, nesting and foraging behaviours.
A growing body of evidence in the academic literature is leading to the conclusions that
night time light can seriously disrupt the nocturnal behaviour of many species. The
degree of impact on the behaviour of different species and their potential to adapt to
artificial lighting may vary significantly. One recently published article (Knop et al.,
2017) highlighted the disruption that Artificial Light At Night (ALAN) creates for
pollinators (both nocturnal and diurnal) and subsequently on plant reproductive success.

The effect of light on insect behaviour and survival is especially relevant since they play
a vital role in food pyramids in all ecosystems. Insects that are attracted by lights can be
subjected to different effects, which Eisenbeis (2006) described as:

e The “fixated or capture effect”, where insects are drawn to the light and so
fixated by it that they effectively do not feed, reproduce or attempt to evade
predators. They may fly directly to the light, suffering traumas due to burns,
overheating, dehydration, wing damage or, if lighting in on bridges, possible
drowning.

e The “crash barrier effect”, where a row of road lights may act as an effective
barrier preventing the passage of insects to potentially important food sources
and breeding habitats.

e The “vacuum cleaner effect”, where areas of 50 to 600m may be devoid of certain
insect species due to the strength of the draw of artificial light sources.

Two examples worth mentioning are moths and mayflies. Moths are well known to suffer
from the “fixated effect”, flying towards lights and remaining there all night, losing
opportunities for feeding and reproduction. Light sources can mask the dim moonlit
glows of natural flowers that moths have evolved to feed on. Once distracted by artificial
light, moths are less prone to carrying out evasive manoeuvres to avoid predation by
bats (Frank, 2006). The attraction of moths to artificial lights greatly increases predation
opportunities for bats, birds and spiders but, in the context of road lighting, all of these
species are brought closer to the road, were collisions with road traffic would be fatal.

Mayflies, a very important food source for fish in many ecosystems, spend most of their
lives underwater but after their final moult, they develop wings and live for as little as 30
minutes or as long as a few days. During this short period, mating occurs and females
will lay their eggs on the first surface they land on. The draw to artificial lights will end
up with eggs being laid in inadequate locations on many occasions.

The effect of ALAN has been shown to affect the migratory routes of birds (La Sorte et
al., 2017). Light-induced grounding and mortality of sea-birds is an especially serious
issue that has been observed in petrel and shearwater families, and shown to affect
already endangered sea bird species (Rodriguez et al., 2017).

Exposure of loggerhead sea turtles to yellow and orange lights (but not red light) has
been shown to cause a reduction in nesting attempts, delay the nesting process of
attempts that were made and cause notable disruption and disorientation in sea finding
behaviour (Silva et al., 2017). Disruption to sea finding behaviour is especially an issue
for sea turtle hatchings. The reflection of moonlight on the sea naturally attracts the
hatchlings to the sea. In a recent Brazilian study (Simoes et al., 2017), low moonlight
levels alone are sufficient to complicate sea finding for sea turtle hatchlings but that they
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still moved in the general direction of the sea. When artificial light was present, more
than half of the deviations in hatchling trajectory were actually away from the sea and
towards the artificial light source.

In cases where lighting is deemed necessary for human activity, the only potential role
EU GPP criteria could perhaps play is to encourage dimming as far as possible and/or
consider the choice of spectral output from the artificial light source. Although there is
much research still to be carried out in this area, a literature review of ecological impacts
of light pollution on different types of species has led to the following guidance table
(Biodiv, 2015):

Table 13. General guide to effect of different spectral bands of light on different species

TR vioiet (e “hed W

wavelength (nm)| <400 |400-420|420-500|500-575|575-585|585-605|605-700| >700
freshwater fish X X X X X X X
marine fish X X X X
shellfish (zooplankton) X (x) (x)
amphibia&reptiles X X X >550 X X X X
birds X X X X X X X
mammals (excluding bats) X X X X X
bats X X X X
insects X X X X

note: (x) =assumed possible but not identified in literature

In general, the table above implies that UV, violet and blue light is more disruptive for
ecosystems. Blue light is also a concern that has links to the human circadian system
(see section 7.2.3). With the general shift to LED lighting, it is worth noting that the
emission spectra can contain high proportions of blue light, although this can vary
significantly from one LED model to another (see Figure 17 below).

In areas of high ecological value, dimming or even complete extinction during curfew
hours should be considered for road lighting for both ecological and energy efficiency
reasons.

Blue rich light

Apart from the much greater skyglow effect of blue light due to Rayleigh scattering,
there has been considerable debate about potential health effects of blue light on
humans and nocturnal species.

Much recent debate, both in scientific circles and in public news, has referred to impacts
of blue light on human circadian rhythm (AMA, 2016). This is related to the recently
discovered retinal ganglion cells (ipRGCs), which are intrinsically photosensitive and
crucial for delivering light information to parts of the brain controlling the biological
clock. Potential health effects on humans are specific to certain wavelengths and not
necessarily to broader sections of the blue light region. The Scientific Committee on
Health, Environmental and Emerging Risks (SCHEER) recently (July 2017) published its
preliminary opinion on potential risks to human health of LEDs (SCHEER, 2017).
According to SCHEER, significant further research is needed before it can be determined
if the effects of certain short wavelength light on circadian rhythms can be linked to
adverse human health effects or not.

However, for road lighting in particular, the exposure time of people is relatively short
compared to indoor light sources and so this is a much more relevant discussion for
indoor lighting. Of course, this does not apply to wildlife, especially to nocturnal species
and, as implied in Table 13, blue light is in general more harmful for ecosystems.
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Generic terms such as “blue light,” “blue-rich LEDs,” and “blue content” used with
lighting are not very specific and in fact can be misleading (DOE, 2017). Actual
emissions of “blue light” require a knowledge of the full spectral distribution of a light
source. The general public perception is that white light from LED is associated with a
significant proportion of “blue light” in its emission. Today (December 2018) this
assumption is generally true because many white LEDs show a significant amount of blue
light in their emission spectra.
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Figure 17. Spectral Power Distributions (SPDs) of different light sources commonly used in road lighting (DOE,
2017b). *PC stands for Phosphor Converted.
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As shown in Figure 17, traditional HID lamp technologies can be entirely free of blue
light (LPS), have very low "blue light" output (HPS) or have significant output in the blue
wavelength ranges (MH). With LED technology, it is possible to tailor the relative outputs
of "blue light" and those in the green-yellow-red light ranges. However, the only way to
eliminate the blue light output altogether is to convert the blue light emitted from diodes
into longer wavelength light (still in the visible spectrum) using a phosphor. Hence the
term PC Amber, refers to Phosphor Converted LED with an amber light output (because
the blue light fraction has been converted).

However, even for a light source emitting blue light, depending on the other relevant
wavelengths emitted, the human eye may perceive it as white or as other colours. There
are different blends of white light defined. The perceived "colour" of a white light source
by the human eye is most often expressed as the Correlated Colour Temperature (CCT).
The term CCT is expressed in units of Kelvin and corresponds to the temperature that a
“black body” would need to have in order to emit light corresponding to the same
appearance as the light source in question.

In this context, the CCT is an approximate and unreliable metric for gauging the
potential health, ecological impact and Rayleigh scattering of a light source, but is a
reasonable reflection of human perception. Confusingly, the higher the CCT, the “colder”
is the appearance of the light (i.e. more white-blue). So a “warm LED” would actually
have a lower CCT than a “cold LED”. This is illustrated in Figure 18. To put the numbers
in context, it should be noted that an overcast daylight is typically 6500 K.

NEEN
SEEE

2,200K 2,700-3,000K 4,000-4,500K 5,000-6,000K 7,000-7,500K
High Pressure Warm White Natural White Day White Cool White
Sodium Lamp Halogen Metal Halide
Incandescent

1,900K 2,200K 2,700-3,000K 4,000-4,500K 4,800K 5,000-6,000K 7,000-7,500K 10,000K
Candle High Pressure Warm White Natural White Direct Sun Day White Cool White Blue Sky
Sodium Lamp Halogen Metal Halide
Incandescent

Figure 18. lllustration of different correlated colour temperatures (CCTs).

An advantage of “blue light” is that at very low light levels the human eye is more
responsive to blue light due to so-called scotopic vision in comparison to photopic vision
(DOE, 2017). The area between or combination of photopic and scotopic vision is called
mesopic vision.
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Figure 19. lllustration of the differences in photopic, mesopic and scotopic vision (a-c) and in the response of human
photoreceptors in photopic and scotopic environments (Source: presentation titled "'Lighting fundamentals').

Cool white (e.g. 5000 K) tend to have more blue in their spectra compared to warm
white (e.g. 3000 K). Hence there are advocates to promote cool white light sources with
so-called increased mesopic vision. This is acknowledged in the US standard IES TM-12
‘Spectral Effects of Lighting on Visual Performance at Mesopic Lighting Levels’.

09 *5?20\
08 | ~

Figure 20. The CIE 1931 x,y chromaticity space showing the colour temperature locus and CCT lines: the lower the
CCT, the more red light (Image sourced from this webpage).

When specifying a maximum limit for CCT, it is important to know the availability of
products on the market that can meet that requirement. An analysis of the luminaires
that were added to the LightingFacts database in 2016 or 2017 as a function of CCT is
provided below.

Some general recommendations can be made regarding this topic:

e Do not use the term blue light in any GPP criteria unless relating to spectral
emission within a defined wavelength range.
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e Only use CCT if the criterion is related to aesthetic requirements relating to light
perceived by humans (rather than light perceived by other species).

o If limiting blue light content is an issue, then specific metrics (such as the G-
Index or alike) should be used to set thresholds. CCT is a fuzzy and
unsatisfactory metric of the blue content of light sources.

e Potential impacts on wildlife and skyglow are sufficient justifications to set
restrictions on blue light. This would also have the benefit of addressing concerns
with potential effects on human health (a complex matter in which a lot of
research is being carried out) because these concerns tend to increase with
higher blue light content.

7.2.2. Stakeholder discussion

When prompted, a split opinion was received from stakeholders about photobiological
safety of LED light sources. One group felt that this should be addressed by EU GPP
criteria while the other group felt that this should be addressed by other means.
Reference was made to the following standrds: IEC 62471-1, CIE 62778 (for assessment
of blue light hazard), EN 60598 (general requirements for luminaires). One suggestion
was to state that EU GPP criteria require that any LED luminaire be compliant with Risk
Group 0 or Risk Group 1 limits for light hazards. It is important to clarify that this bears
no relation to chronodisruption, but rather to the risk of tissue damage in the human
optical system.

An intermediate proposal (between TR 1.0 and TR 2.0) that was discussed amongst a
sub-group of the most active stakeholders in the group was to consider light pollution in
different ways. For example, one criterion for skyglow (Ryo) and another criterion for
the visual quality of the light for humans and nocturnal species (CCT and CRI) impacts of
road lighting. However, this intermediate approach did not account for the specific
concerns (e.g. higher Rayleigh scattering for skyglow and higher ecological impact on
wildlife) that are directly related to blue light output.

Concerns were expressed about any requirements for lower CRI values, as it may result
in higher emissions of “blue light” and/or higher levels of illuminance to achieve a given
visual acuity for humans.

Some stakeholders were highly critical of justifying higher CCT values in the
comprehensive level criterion on the basis of impact on nocturnal species since much
research still needs to be done in this area and potential impacts could vary greatly from
species to species. A further review of research related to the impact of light on
nocturnal species such as birds, bats, insects and aquatic species was requested. Despite
these concerns there was some support for criteria related to CCT, but with the nuance
that CCT alone will not address concerns about light pollution.

One of the arguments against proposals for low CCT values was that lower CCT LEDs had
lower energy efficiency (see Table 7 for a comparison of luminous efficacy vs CCT).

When asked if the criteria for CRI and CCT should be applied always or only in certain
situations, most stakeholders agreed that this should be decided by the tenderer. It was
commented that the interpretation of guideline CIE 126 (1997) for identifying areas
where light pollution is a concern will not be applied in an identical way across different
Member States. If requirements on CRI and CCT were to be stipulated in the criteria,
they should link to standard methods defined in CIE 13.3:1995 and CIE 15:2004 for CRI
and CCT respectively. These parameters are also mentioned in IEC 62717 and IEC 62722
(parts 1 and 2).

It was also added that requirements for lower CCT values is an indirect way of reducing
concerns about the emission of blue light from cooler LED lighting. Some stakeholders
were in favour of CCTs <3000K being specified in EU GPP criteria while others were
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opposed to the idea. Those against disputed this assumption that blue light output and
CCT are correlated. This prompted one stakeholder to share the graph below.
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Figure 21. Correlation plot of blue light spectral power output versus CCT for different light sources.

Despite the general correlation shown above, it was repeated that there is no fixed
relationship between CCT and the fraction of light output in the "blue" wavelength range
(see red arrows as clear examples of the lack of correlation).

Annoyance, glare and obtrusive light

Light is a relatively subjective quality and as public authorities have shifted towards
more energy efficient LED road lighting, this has led to a “whitening” of road lighting.
There are numerous examples in the news of citizens complaining about the change in
“atmosphere” in a residential or historic city centre location after sodium lamps have
been changed to LED-based light sources.

Common complaints are that the change creates a “hospital or prison-like feel" to the
lighted area despite the fact that other aspects such as energy efficiency and facial
recognition are improved. Procurers should be sensitive to the potential reaction of local
residents to any LED-based substitution of HPS or LPS lamps. In cases where objections
can be expected or have already been voiced (e.g. historic city centre and residential
zones), criteria for CCT <3000K are encouraged.

A standard approach for assessing the glare from road lighting is set out in EN 13201-
2:2016, which defines intensity classes for the restriction of disability glare and control
of obtrusive light G*1, G*2, G*3, G*4, G*5 and G*6 in Annex A. In general, as the glare
class becomes more stringent, less light is permitted on the ground coming directions
higher than 70°, 80° and 90° below the horizontal.

Light pollution from obtrusive light to humans and the methods for reduction are
discussed in guideline CIE 150:2003 'Guide on the limitation of the effects of obtrusive
light from outdoor lighting installations'. However, one stakeholder complained about the
potential usefulness of this standard since it allows for up to 25 lux (>100x more than a
full moon) to shine onto windows during pre-curfew hours in urban zones.
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7.2.3. Discussion relating to human health effects of blue light

Due to extensive input from stakeholders following the 2" AHWG meeting, it was
considered necessary to dedicate a sub-section to the points that were raised about the
potential human health effects of blue light. The information detailed below is broadly
based on SCHEER, 2017. Although the SCHEER preliminary opinion is predominantly
based on exposure to blue light from computer screens and indoor lighting, the same
potential health effects should also apply to outdoor lighting with the main difference
being the lower exposure of people to optical radiation from outdoor lighting. One study
suggests that exposure to dim light at night (10 Iux) may decrease cognitive
performance although 5 lux did not seem to be problematic (Kang et al., 206).

One specific concern with outdoor road lighting is that it is generally more powerful than
indoor light sources and short term exposure to very intense visible radiation (i.e. light)
can induce cell damage or cell death due to free radical formation via photoreactive
pigments such as lipofuscin (Chamorro et al., 2013; Kuse et al., 2014). These effects
can apply to exposure to any light in principle.

The higher energy, shorter wavelength light (400-600nm) is capable of penetrating into
cell organelles and producing reactive oxygen species in mitochondria, which may lead to
apoptosis (Roehlecke et al., 2009) or phototoxic effects (Godley et al., 2005).

The concerns with blue light are more pronounced with older people, due to the
accumulation of photoreactive pigments in the epithelium with age, and also with
aphakic individuals (who have no lens/lenses to help filter shorter wavelength light).
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Figure 22. Blue light spectra compared to action spectra for aphakic eyes (from ICNIRP).

The data in Figure 22 clearly show that aphakic members of the population are especially
sensitive to the shorter wavelengths of visible radiation (light) and that LED light sources
emitting in blue light range would be much more harmful for them than traditional HID
type lamps.

While the effects of immediate, short term exposure can be readily demonstrated in
scientific studies, it is much more difficult to demonstrate more chronic effects that
accrue with gradual exposure over time. Other effects of blue light exposure on human
health, especially due to ALAN, may relate to disruption of the circadian rhythm
(biological clock). The degree of influence that light may have on the circadian rhythm
depends on a number of factors:

e Timing
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Intensity

Duration

Spectrum of the light stimulus
Previous light exposure

Effects can be observed at relatively low intensities (<100 lux) and even for durations of
the order of minutes or less (Glickman et al., 2002; Duffy and Czeisler, 2009; Lucas,
Peirson et al., 2014).

The fourth point in the list above is particularly relevant. Concerns with blue light are
centred on the relatively recent identification of melanospin (within the last 15 years) as
the key protein in intrinsically photosensitive Retinal Ganglion Cells (ipRGCs) for carrying
out non-image forming functions and for sending signals to various parts of the brain,
particularly the suprachiasmatic nucleus, which ultimately affects the production of the
hormone melatonin from the pineal gland (Schomerus and Korf, 2005). The melatonin
hormone is well known as an important regulator of the human body clock (circadian
rhythm).

While in vitro experiments clearly show the peak spectral sensitivity of melanospin to be
around 480nm (Bailes and Lucas, 2013), the in vivo effects are much more complex and
may be context dependent (Lucas, Peirson et al., 2014). Nonetheless, it can be generally
concluded that the circadian rhythm is most affected by light in the wavelength range
460-490nm (Duffy and Czeisler, 2009; Benke and Benke, 2013). It is worth noting that
this coincides almost exactly with the blue peak emission of most LED light sources
depicted in Figure 17.

Melatonin is a particularly useful biomarker for monitoring the circadian rhythm and
levels can be monitored by analysing saliva, serum or urine. Circadian rhythms do not
only affect sleeping and waking cycles but also cognition, immune system and repair
mechanisms and numerous physiological processes such as metabolism, endocrine
functions and protein expression (Takahashi, 2017).

Research to date has predominantly focussed on circadian disturbance due to indoor
light exposure and possible effects on cancer, metabolic health effects and cognitive
function (IARC, 2010; Wang, Armstrong et al., 2011; ANSES, 2016; Mattis and Sehgal,
2016). James et al., (2017) presented data suggesting that exposure to outdoor ALAN is
a factor contributing to breast cancer. Another study, about the exposure of populations
in Barcelona and Madrid to ALAN (indoor and outdoor) and the incidence of prostrate and
breast cancer found evidence of a positive association of the blue content of outdoor
ALAN and these cancers but not with overall outdoor or indoor ALAN (Garcia-Saenz et
al., 2018).

One interesting point is that when looking at the potential broader effects of ALAN on
human health, it is impossible to know to what extent "social jetlag" might affect results
- e.g. the need for individuals to wake up and have breakfast when it is still dark in
order to get to work on time. There is also the need to consider the differences between
sleep quality and sleep quantity (Joo, Abbott et al., 2017; Magee, Marbas et al., 2016).

Considering all of these complex interactions and the general lack of comparable studies
in the literature, it is unsurprising that the preliminary opinion of SCHEER is that:

"The Committee concludes that there is no evidence of direct adverse health effects from LEDs in
normal use (lighting and displays) by the general healthy population...”

And

"..Light sources that emit more short-wavelength light, as do some types of LEDs, will have a
larger effect on the circadian rhythms at equal optical radiance, duration and timing of exposure.
At the moment, it is not yet clear if this disturbance of the circadian system leads to adverse
health effects.”

Considering these comments quoted above, it becomes apparent that the effect of blue
light on human health is indeed a complex issue which raises a number of concerns
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(especially for aphakic members of the population), but has not yet been fully
understood. Going beyond human health impact, concern with the effect of blue light on
nocturnal species and its much higher potential contribution to skyglow are sufficient
motives for promoting restrictions on blue light in a number of areas (e.g. parks,
gardens, protected areas and intrinsically dark areas).

7.2.4. Discussion about how to quantify blue light output (and
limits)
Significant discussion took place regarding the proposals in TR 2.0 relating to limits that
were set for CCT and specifically for blue light output. It was already understood that

CCT is not a perfect indicator of blue light output (see Figure 21) but it was also argued
that this is a metric that many people seem to be able to grasp.

One of the main arguments against CCT was that it only roughly describes the spectra of
lamp light output by assuming that the lamp behaves as a black body. While this may
have been relevant for incandescent bulbs, it is not relevant to other lighting
technologies such as High Intensity Discharge or LED.

An alternative method was proposed that allows the same data that is needed to
calculate CCT to be used to calculate a spectral index which expresses the relative
importance of light in two bands or wavelength intervals. If these bands are A and B, the
related spectral index may be noted in the most general way as C(A,B). For the
evaluation of blue light content, it has been suggested to use A as all emissions of
wavelength lower than 500nm (L500), and B as the standard curve of photopic vision
(Judd-Voss version, for example, V). The resulting C(L500,V) index is already being
implemented in some regulations and, following the Andalucian Regulation, it was
proposed to label it as the "G index" (in spite of possible minor confusion with glare
classes). An example of how the G index is calculated is illustrated below.
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Figure 23. Example of how the spectral index C(L500,V), or G index, works.

The proponents of the G index cited some of its advantages, which included:

e Simpler basic principles than CCT.

e The index is unit-independent, so the units on the y-axis of any spectral data are
irrelevant because the calculation is based only on that same spectrum.

e No external reference sources or standards needed for comparison.

e The G-index units are "magnitudes"”, the same units that are used in astronomy -
directly relevant when considering skyglow.

The approach to calculating the G-index for lamps has already been consulted widely
with Spanish stakeholders representing the industry, governments and academia and
has been recently published in an academic journal (Galadi-Enriquez, 2018).
Computationally, its value is easier to derive than CCT, and using the same initial
spectral data. The Andalusian representatives have very recently made available an
online calculator or spreadsheet where the input of lamp spectrum data can be directly
inserted and the G-index calculated straight away.
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In order to better understand how the G-index might compare to CCT data for different
lamps, a number of spectra have been analysed for both CCT and the G-index.
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Figure 24. Correlation between CCT and G-index values for different lamps (specific comparison at 3000K
highlighted).

The data in Figure 24 show that while the real lamp data, when plotted as G-index
versus CCT, generally follows the black body curve, it is far from a perfect fit.

In fact, looking specifically at CCT = 3000K, which is an important threshold that has
been much quoted in public debate, there is actually a significant difference in actual
blue light content: the G-index can range from around 0.9 for a true black body to 2.1
for a fluorescent lamp. Just looking at 3000K LED lamps, the range was also from 1.3 to
1.6.

It is also worth comparing the G-index approach with the requirements of the Low
Impact Lighting (LIL) standard that was summarised at the beginning of section 7. The
LIL standard is asking for a very similar thing, but expresses blue light as a % of all light
output (not just light within photopic range) and does not formally translate the results
into an index value. Although not directly comparable, because the second filter is
different (bolometric instead of photopic), the LIL standard would ask for:

e a C(L500,bol) index of >3.05 when blue light should be <6% or
e a C(L500,bol) index of >2.50 when blue light should be <10%.

Due to concerns that the LIL approach may favour light sources that also emit outside of
the photopic vision range and into the infra-red region, it is considered more appropriate
to continue with the (L500,V) index when setting actual EU GPP criteria.

The LIL criteria set separate requirements on blue light and CCT, which accurately
reflects the fact that CCT does not guarantee any control over blue light emissions.
Setting criteria on both CCT and blue light at the same time may led to confusion since
many people believe CCT would render the requirement on blue light redundant when
this is not necessarily the case (see the vertical spread of points on the 3000K line in
Figure 24). It is much better to distinguish when and why a procurer may wish to set a
limit on CCT and when and why on blue light emissions.
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When blue light emission is identified as a concern by the procurer, it is necessary to
consider what an appropriate ambition level to set for the G-Index would be. The
following levels have been considered:

e G =1.5. Almost all light sources with a CCT >3000K would not fulfil this condition.
Almost all light sources with a CCT <2700K would fulfil this condition. Light
sources with a CCT in between 2700 and 3000K may or may not fulfil this
condition.

e G =2.0. Almost all light sources with a CCT >2700K would not fulfil this condition.
Almost all light sources with a CCT <2300K would fulfil this condition. Light
sources with a CCT in between 2300 and 2700K may or may not fulfil this
condition.

All LPS, HPS and PC amber light sources could be considered to meet the more stringent
requirement of G =2.0.

7.2.5. Criteria proposals for ecological light pollution and
annoyance

Core criteria Comprehensive criteria

TS8 Annoyance

(The CCT value is directly related to human perception and so should be specified when human
annoyance is a concern.)

(Same for core and comprehensive criteria.)

In residential areas, in order to reduce the risk of human annoyance, the CCT of light
sources shall be <3000K and a dimming or switch-off programme shall be
implemented*.

Verification:
If requested, the tenderer shall provide the light spectra of all lamps to be provided.
The tenderer shall provide measurements of CCT reported in accordance with CIE 15.

With dimming, the tenderer shall provide details of the proposed dimming controls and
the range of dimming capabilities, which shall at least permit dimming or switch-off
based on an astronomical clock.

*As per the procurer’s specifications (potentially defined in TS3 if that is included in the ITT).

TS9: Ecological light pollution and star visibility

(The G-index value is directly related to blue
light content, and so should be specified when
light pollution effects on wildlife or on star
visibility are a concern.)

In parks, gardens and areas considered by the
procurer to be ecologically sensitive, the G-
index shall be >1.5%*,

A dimming programme** shall be
implemented for parks and gardens that are
open during night-time hours.

A switch-off programme shall apply to any
relevant closing hours for parks and gardens.

A dimming and/or switch-off programme**
shall be implemented for any other

(The G-index value is directly related to blue
light content, and so should be specified when
light pollution effects on wildlife or on star
visibility are a concern. Procurers should be
aware that Iluminaires complying with this
requirement are unlikely to meet TS1 for
luminaire efficacy.)

In parks, gardens, areas considered by
the procurer to be ecologically sensitive or
any area within a 30km radius of an urban
optical astronomy observatory or within a
100km radius of a major optical
astronomy observatory, the G-index shall
be =22.0%*.

A dimming programme** shall be
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ecologically sensitive areas.
Verification:

The tenderer shall provide measurements of
the G-index***,

*If it is not possible to calculate the G-index, CCT
may be used as an orientation, it always being
understood that its use as a metric for blue light is
not perfect. A G-index of >1.5 would generally (but
not always) equate to a CCT of <3000K.

**As per the procurer’s specifications (potentially
defined in TS3 if that is included in the ITT).

***The G-index can be quickly and easily calculated
using the same photometric data used to calculate
the CCT via an excel spreadsheet available at this
website:

http://www.juntadeandalucia.es/medioambiente/ciel
oandaluzindiceg

implemented for parks and gardens that
are open during night-time hours.

A switch-off programme shall apply to any
relevant closing hours for parks and
gardens.

A dimming and/or switch-off
programme** shall be implemented for
any other ecologically sensitive areas or
areas within the defined radii of relevant
optical observatories.

Verification:

The tenderer shall provide measurements
of the G-index***,

*If it is not possible to calculate the G-index, CCT
may be used as an orientation, it always being
understood that its use as a metric for blue light is
not perfect. A G-index of 22.0 would generally (but
not always) equate to a CCT of <2700K.

**As per the procurer’s specifications (potentially
defined in TS3 if that is included in the ITT).

***The G-index can be quickly and easily calculated
using the same photometric data used to calculate
the CCT via an excel spreadsheet available at this
website:

http://www.juntadeandalucia.es/medioambiente/ciel
oandaluzindiceg
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8. Lifetime

A lighting installation may perform well from an energy efficiency perspective and may
deliver the desired quantities and qualities of light after installation but this is irrelevant
if the installation is not able to maintain such performance for very long. Problems with
the reliability and durability of lighting installations will have direct economic impacts as
well as less direct environmental impacts.

All the criteria in this section are in one way or another related to guaranteeing a
minimum useful lifetime of the lighting equipment that is procured. Longer life products
that can be repaired or even upgraded to extend their useful life are an important part of
European efforts to shift towards a circular economy.

8.1. Provision of instructions

8.1.1. Background research and supporting rationale

As lamps will probably have to be replaced or repaired at least once during the luminaire
lifetime, it is important that the procurer has sufficient knowledge and information in
order to carry out replacement and repair operations in a correct and timely manner.

When controls are provided with the system, the procurer, or the relevant operator, has
to know exactly how to operate and calibrate them. Periodic recalibration of controls may
be necessary as part of maintenance strategies. Besides extending the useful lifetime of
the lighting equipment, correct maintenance and repair will also ensure that real-life
energy consumption (AECI) can be maintained within the original design window.

8.1.2. Stakeholder discussion

In the proposals in TR 1.0, it was recommended to define a Contract Performance Clause
(CPC) requiring the provision of instructions for key aspects related to the lifetime
(disassembly of luminaire, replacement of light sources and minimum specifications for
replacement light sources) and operation (of lighting controls, including timer or daylight
level linked switches) of luminaires.

Stakeholders generally acknowledged the importance of adequate instructions but
highlighted the fact that when the contract relates to only one part of a larger lighting
network, the requirements for lighting controls will probably already be defined by
procurers in technical specifications so that they fit in with the pre-existing centralised
control scheme. In any case, it is still useful to have instructions at the level of the
individual luminaire in case of the need for in-situ repair or adjustment.
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8.1.3. Criteria proposals for provision of instructions

Core criteria Comprehensive criteria

TS10 Provision of instructions

(Applicable when the equipment and/or controls in the particular lighting installation requested in
the ITT are different from the normal equipment installed elsewhere on the wider lighting network
operated by the procurer.)

(Same for core and comprehensive criteria.)

The tenderer shall provide the following information with the installation of new or
renovated lighting systems:

disassembly instructions for luminaires;

instructions on how to replace light sources (where applicable), and which lamps
can be used in the luminaires without decreasing the energy efficiency;

instructions on how to operate and maintain lighting controls;

for daylight linked controls, instructions on how to recalibrate and adjust them;
and

for time switches, instructions on how to adjust the switch-off times, and advice
on how best to do this to meet visual needs without excessive increase in energy
consumption.

Verification:

The tenderer shall provide a declaration of compliance with this criterion, supported by
examples of written instructions that will be provided to the contracting authority should
the tender be successful.
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8.2. Waste recovery

8.2.1. Background research and supporting rationale

Most procurement contracts in EU countries will relate to the renovation or relamping of
existing lighting installations. This will result in the generation or waste lamps, ballasts,
luminaires and other auxiliary controls. The disposal of waste electronic and electrical
equipment (WEEE) has historically been a problem and a loss of potential valuable raw
materials which are present in small amounts in each individual component or product.

Large scale organised collection of WEEE will maximise opportunities to recover valuable
raw materials and is one of the main drivers behind the WEEE Directive (2012/19/EU).
Under the Directive, Member States are obliged to create systems and infrastructure for
the collection and recycling of WEEE.

The calculation of WEEE recovery rates is complex because first it is necessary to
estimate the number/tonnage of WEEE products on the market and model the expected
number of those products which will reach their End-of-Life in any given year. For this
purpose, the Commission has provided calculator tools for each Member State that are
prepopulated with numbers based on market data and consumption patterns specific to
that Member State (EC, 2017).
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Figure 25. WEEE collection rate in different Member States in 2014 (Source: BIPRO, 2017).

Although collection rates of WEEE appeared to be generally on target for being at least
85% in 2019, it is important to ensure that tenderers know where to take the WEEE and
commit to doing so if awarded the contract.

Lighting equipment is one of the 13 main categories of WEEE that are defined for WEEE
statistics. Although collection rates are generally very high for this category, the main
concern with lighting equipment is the potential presence of mercury in gas discharge
lamps, which could require separation from other WEEE streams and special processing
due to the volatility of mercury under ambient conditions.

8.2.2. Stakeholder discussion

In TR 1.0, CPCs were proposed for the contractor to commit to collecting, sorting and
disposing of waste lamps, luminaires and lighting controls for recycling and, where
relevant, to facilities accepting WEEE (Waste Electrical and Electronic Equipment). The
comprehensive level CPC introduced the additional requirement to produce a bill of
materials for a number of specified metals in the waste stream.

Stakeholders were generally of the opinion that a commitment to respecting the
requirements of the WEEE Directive was sufficient and that requirements relating to bills
of materials would represent additional costs and be of doubtful value when it comes to
renovation at least 10-20 years in the future. Furthermore, it was pointed out that the
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specific information requested in the initially proposed comprehensive level CPC in terms
of the quantities of the specific metals listed did not reflect current practice. How
requirements for this CPC apply to different situations need to be clarified, i.e. (i)
disposal of waste from a renovation project during the initial execution of the contract
and (ii) design for recyclability for a potential future disposal of the new lighting
equipment installed during the execution of the contract. Regardless, the scope of the
CPC should be clarified (e.g. luminaires, light sources, control equipment, cabinets etc.).

One stakeholder added that the future recyclability of lighting equipment may be
hampered by the presence of hazardous materials such as mercury. It could be justified
that EU GPP could set criteria for mercury free lamps to be used on the basis that it may
enhance the future recyclability of the waste lamp. LED lighting is mercury free and
although High Pressure Mercury lamps have effectively been phased out by Regulation
(EC) 245/2009 since 2015, it is still possible for many other different HID-based lamps
still on the EU market to contain mercury (IMERC, 2015).

A mixed response from stakeholders was received about the potential ban on mercury-
containing lamps. It was recognised that this would essentially ban the procurement of
new HID-type lamps in any ITT containing this criterion as a technical specification.
However, at the same time, procurement of new lamps is now dominated by LED lamps
that would already comply. The benefit of using mercury-free lamps at the End-of-Life
should be supported by labelling of the lamps as Hg-free.

8.2.3. Criteria proposals for waste recovery

Core criteria Comprehensive criteria

TS11 Waste recovery

(Same for core and comprehensive criteria.)

The tenderer shall implement appropriate environmental measures to reduce and recover
the waste produced during the installation of a new or renovated lighting system.

All waste lamps and luminaires and lighting controls shall be separated and sent for
recovery in accordance with the WEEE directive!. Any other waste materials that are
expected to be generated and that can be recycled shall be collected and delivered to
appropriate facilities.

Verification:

The tenderer shall provide details of the waste handling procedures in place and identify
suitable sites to which WEEE and other recyclable materials can be taken to for
separation, recycling and heat recovery, as appropriate.

CPC7 Commitment to waste recovery and transport to suitable sites

(Applies to TS11.)

(Same for core and comprehensive criteria.)
The contractor shall provide a schedule of the waste collected during the project. In
addition, the contractor shall provide details of any sorting that has been applied prior to

transport to suitable sites identified in the original tender or to other suitable sites where
waste can be sorted, processed, recycled and, if relevant, subject to heat recovery.

Delivery invoices shall be submitted as proof of delivery.

! Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on waste electrical and
electronic equipment (WEEE) recast (OJ L 197, 24.7.2012, p.38).
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8.3. Product lifetime

8.3.1. Background research and supporting rationale

Apart from the potential to improve energy efficiency, one of the main advantages of
LED lighting is the significantly longer lifetime of the light source compared to most other
road lighting lamp technologies. Operation times of 100000 hours, equivalent to 25
years operation of road lighting, may be claimed.

Extension of the lifetime of luminaires and its components reduces the overall
environmental impacts caused by shorter lifespans, raw material extraction and
manufacturing processes. It also partly justifies the higher initial investment in more
efficient road lighting installations. An extension of the warranty period would be an
addition to the requirements on lifetime and would decrease the frequency of premature
failures.

All lamp technologies suffer a decrease in lumen output for a given power consumption
(i.e. a decrease in luminous efficacy) with time. This has been referred to as the factor of
lamp lumen maintenance (F. v) and can be combined with potential losses of light output
caused by dirt collecting on the luminaire (Fpv).

However, the lifetime of LED lighting is not so simple to guarantee. There are many
different components that may contribute to the failure of an LED component, such as
the driver, overheating, poor electrical connections etc. The reliability of a particular
LED-based luminaire should be considered as the sum of all the failure rates of the
individual critical failure mechanisms.
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Figure 26. Examples of potential causes of LED failure (left) and statistics about the most common causes of failure
(right). Source: LSRSC, 2014.

The relevant parameters relating to LED luminaire life times are Cz and LxBy are both
defined in EIC 62717 and equivalent to the Lamp Survival Factor and Lamp Lumen
Maintenance Factors for traditional HID lamps respectively. The former terms can be
explained as follows:

e LxBy relates to gradual reductions in lumen output where x is the % of original
lumen output still maintained after a defined operating time and y is the % of
units that no longer meet the x % of original lumen output at that same time. For
example, L70B50 at 50000 hours means that overall lumen output is at least
70% of the original output and less than 50% of the fixtures are <70%. It is
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common practice to term the "rated life" of an LED light source as the point when
its luminous efficacy reaches 70% of the original efficacy.

e C(Cz relates to abrupt failures at the end of rated life. Abrupt failures happen with
no set pattern in time. Consequently, linking to the LxBy value above, a Cz value
of C10 at 50000 hours would mean 10% of the LED modules suffer abrupt failure
during the rated life - and that the failure rate is effectively 0.2% per 1000 hours
operation.

Due to the long lifetimes involved and the rapid development of LED lighting technology,
there is not a sufficient evidence base of long term test data to verify lifetime claims.
Even if there was, it would be relatively obsolete since the technology would have
evolved significantly in the meantime.

In the US, the Illuminating Engineering Society of North America (IESNA) has an
approved method (TM-21-11) taking LM-80 data and making useful LED lifetime
projections. According to what has been reported in the stakeholder meeting a European
standard is under elaboration and will be based on this same aspect.

8.3.2. Stakeholder discussion

An initial proposal in TR 1.0 was made for lumen maintenance to be L92B50 at 16000
hours (core) and both L92B50 at 16000 hours and L80B50 at 50000 hours
(comprehensive).

Most stakeholders were agreed about the importance of the criterion, especially to those
responsible for maintenance of the lighting installation and especially in harsh
environments with large temperature fluctuations. However, there was a split opinion
about whether maintenance factor specifications should extend beyond 6000 or 16000
hours. Those against longer term maintenance factors cited the current uncertainty in
Europe regarding the extrapolation of laboratory data for LED light sources to longer
lifetime expectancy claims. However, since then “IEC 63013:2017 LED packages - Long-
term luminous and radiant flux maintenance projection” has been officially published.

Stakeholders in favour of longer term lifetime projections being included in criteria
generally felt that the ambition level should be raised. It was pointed out that luminaires
that meet L92B50 at 16000 hours would also tend to meet L80B50 at 50000 hours - so
there is no great distinction between the original proposals for core and comprehensive
levels. One stakeholder proposed to increase the comprehensive requirement to L80B10
and L80C08 at 50000h. Lighting Europe reported that they were considering the
application of LxBy values for 100000 hours (i.e. 20 years operation) and such an
approach may be interesting for comprehensive level criteria. Some stakeholders also
pointed out that, from the procurers perspective, it is the Lx component of LxBy that is
important and not the By part. This was also in line with a recent white paper published
by LightingEurope (titled "Evaluating performance of LED based Iuminaires").
Consequently, it was proposed that GPP criteria should only focus on Lx.

Regarding standard methods for assessing LxBy and LxCz in the laboratory, one
stakeholder opined that IEC 62722 should be used instead of a combination of IESNA
LM80 and TM21. If abrupt failure is to be specifically addressed in lifetime criteria (i.e.
LxCz values) then it would be worth referring to IEC 62861:2017, which will include
optical materials, interconnectors, electronic subassemblies, cooling systems and
construction materials used in LED light sources or luminaires. Another option is to
simply have a criterion on the maximum acceptable failure rate for control gear (since
this is the most common cause of failure as shown in Figure 26 above). However, any
specific requirements for abrupt failure rates will always be questionable since they are
based on predictions with a certain amount of statistical uncertainty and are not always
published by manufacturers.
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The truth is that long term performance can be estimated but never known for certain.
For this reason, the idea of requesting extended warranties for LED light sources was
raised. Mixed opinions from stakeholders were evident. While some stakeholders were
against the idea of extended warranties, others felt that an example of 32000 hours
operation (i.e. 8 years) would be a reasonable request and that reputable manufacturers
would be more likely to commit to extended warranties. It was claimed that warranties
of 3-5 years were already common practice and warranties up to 10 years could
reasonably be requested but would likely have a cost impact for the procurer. However,
longer warranties need to be backed up with clear CPCs otherwise they may simply

represent a meaningless commitment.

8.3.3. Criteria proposals for product lifetime and warranty

Core criteria

Comprehensive criteria

TS12 - LED lamp product lifetime, spare

parts and warranty

(The thresholds defined here are applicable to
LED-based light sources, lamps and luminaires.)

Any LED-based light sources shall have a
rated life at 25°C of:

e |96 at 6 000 hours,
e L70 at 50 000 hours (projected),
e CO at 3 000 hours or C10 at 6 000

hours,
e (50 at 50 000 hours (projected).
The repair or provision of relevant

replacement parts of LED modules suffering
abrupt failure shall be covered by a
warranty for a period of 5 years from the
date of installation.

Verification:

Test data regarding the maintained lumen
output of the light sources shall be
provided by an International Laboratory
Accreditation Cooperation-accredited
laboratory that meets IES LM-80* for
actual data and IES TM-21* for projected
data.

The tenderer shall provide a copy of the
minimum 5-year warranty to be signed if
the tender is successful.

The contractor shall provide a copy of the
warranty that will apply if the tender is
successful and provide the necessary
contact details (phone and email as a
minimum) for dealing with any related
queries or potential claims.

For clarity, the warranty shall, as a

(The thresholds defined here are applicable to
LED-based light sources, lamps and luminaires.)

Any LED-based light sources shall have a
rated life at 25°C of:

e |96 at 6 000 hours,
e L70 at 100 000 hours (projected),
e LOCO at 3 000 hours or C10 at 6 000

hours,
e (50 at 100 000 hours (projected).
The repair or provision of relevant

replacement parts of LED modules suffering
abrupt failure shall be covered by a
warranty for a period of 7 years from the
date of installation.

Verification:

Test data regarding the maintained lumen
output of the light sources shall be
provided by an International Laboratory
Accreditation Cooperation-accredited
laboratory that meets IES LM-80* for
actual data and IES TM-21* for projected
data.

The tenderer shall provide a copy of the
minimum 7-year warranty to be signed if
the tender is successful.

The contractor shall provide a copy of the
warranty that will apply if the tender is
successful and provide the necessary
contact details (phone and email as a
minimum) for dealing with any related
queries or potential claims.

For clarity, the warranty shall, as a
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minimum, cover the repair or replacement
costs of faulty LED module parts within a
reasonable timeframe after notification of
the fault (to be defined by the procurer in
the ITT), either directly or via other
nominated agents. Replacement parts
should be the same as the originals, but if
this is not possible, equivalent spare parts
that perform the same function to the same
or to a higher performance level may be
used.

The warranty shall not cover the following:

a) faulty operation due to vandalism,
accidents or other extreme weather events;

b) lamps or luminaires that have been
working for a significant time under
abnormal conditions (e.g. used with the
wrong line voltage), insofar as this can be
proven by the contractor.

*To be updated to LM-84 and TM 28 when
these versions are published.

minimum, cover the repair or replacement
costs of faulty LED module parts within a
reasonable timeframe after notification of
the fault (to be defined by the procurer in
the 1ITT), either directly or via other
nominated agents. Replacement parts
should be the same as the originals, but if
this is not possible, equivalent spare parts
that perform the same function to the same
or to a higher performance level may be
used.

The warranty shall not cover the following:

a) faulty operation due to vandalism,
accidents or other extreme weather events;

b) lamps or luminaires that have been
working for a significant time under
abnormal conditions (e.g. used with the
wrong line voltage), insofar as this can be
proven by the contractor.

*To be updated to LM-84 and TM 28 when
these versions are published.

AC3 Extended Warranty

(Applies to TS12.)

(Same for core and comprehensive criteria.)

A maximum of X points shall be awarded to tenderers that are willing to provide initial
warranties that go beyond the minimum warranty periods stated in TS12 and whose cost
is already included in the bid price. Points shall be awarded in proportion to how long the
warranty exceeds the minimum requirements, as follows:

e Minimum + 1 year: 0.2X points

e Minimum + 2 years: 0.4X points

e Minimum + 3 years: 0.6X points

e Minimum + 4 years: 0.8X points

e Minimum + 5 years or more: X points

Tenderers may also optionally provide quotations for extended warranties that are not
included in the bid price, although points shall not be awarded for this. In such cases, no
payment for any extended warranty will be required until the final year of the initial
warranty, after which the procurer will make annual payments to the successful tenderer
at the beginning of each year of the extended warranty.

Furthermore, the procurer will have the option to initiate or reject the offer of an
extended warranty right up until the final year of the initial warranty; the costs of the
extended warranty will be those initially proposed, plus inflation.
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8.4. Reparability

8.4.1. Background research and supporting rationale

Reparability is one of the key principles that products need to embrace to ensure the
transition to a circular economy. In general, products that can be repaired will retain
their residual value for the second-hand market and are set up to have extended product
lives.

For road lighting, reparability is of particular value to the manufacturer when the
products are under warranty in cases where repair due to a simple fault could prevent
the need to replace the entire product. Reparability is also of value to the procuring
authority if the installation is managed by an in-house maintenance team.

8.4.2. Stakeholder discussion

Stakeholders felt that reparability was an important issue and stated that it was already
being considered in mid to high tier products. It was considered important that the LED
module and ballast are designed so that they can be replaced independently. A series of
4 reparability classes for LED luminaires established by Synergrid (specification C4/11-3)
was described as follows:

e Class 1-LED module and auxiliaries can be removed and replaced in-situ at the luminaire
mounting height;

e Class 2 - Auxiliaries can be removed and replaced in situ at the luminaire mounting
height;

e Class 3 - luminaire has to demounted before removal and replacement of the LED module
or auxiliaries;

e Class 4 - The luminaire is sealed and must be discarded in the case of failure of the LED
module or any internal auxiliaries.

Another important aspect to consider in GPP criteria was that of “upgradeability” for LED
light sources in existing luminaires. Upgrade could simply mean more energy efficient
components, a lower energy consumption for a given photometric output or improved
control and functionality. Upgradeable luminaires may offer significant economic and
material savings when compared to the complete replacement of luminaires.

During the final written consultation, the publication of a white paper by LightingEurope
which focuses on the "serviceability" of luminaires in the context of the circular economy
was mentioned. The paper described the following relevant activities:

e Repair and preventative maintenance of hardware components or software (e.g.
replacing a broken LED module or updating driver software to remove a bug).

e Replacement of hardware or software to improve performance (e.g. mounting a
more efficient LED module).

e Replacement of hardware or software to meet different specifications (e.g.
mounting a new LED module with different light output and/or colour).

e Replacement of hardware or software, or adding new hardware, to add new
functionality (e.g. mounting a lamp with remote connectivity or updating
software to accept inputs from a new sensor).

While the paper recognises the benefits of products that are designed in such a way as
to maximise their serviceability, it claims that it is too early to consider any regulatory
approach. Instead, an information scheme at the level of the luminaire should first be
developed that could be ratified at the CEN/CENELEC level. An initial proposal was to
split different components into those which are simply "replaceable" and those which are
"plug and play". This latter would be much simpler to replace. Other important terms
mooted were "connectivity" and "programmability".
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8.4.3. Criteria proposals for reparability

Core criteria Comprehensive criteria

TS13 Reparability

(Same for core and comprehensive criteria.)

The tenderer shall make sure that it is feasible and practical for a professional to
access components (e.g. light source, lamp, LED module, driver) after the luminaire
has been put into service.

Components must be identifiable, accessible and removable without damaging the
component or the luminaire.

Replacement of components shall be able to be performed on site (i.e. at luminaire
mounting height), without tools (i.e. plug and play) or with one of the following types
of screwdriver:

- standard, Pozidriv, Phillips, Torx, Allen key or combination wrench.
Verification:

The tenderer shall provide a technical manual, which shall include an exploded
diagram of the luminaire illustrating the parts that can be accessed and replaced. The
parts covered by service agreements under the warranty must also be indicated.
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8.5. Ingress Protection

8.5.1. Background research and supporting rationale

The lifetime of the luminaire itself, i.e. the housing, cabling and optics, is usually not an
issue, but the output of good quality light depends on its adequate design and
maintenance. Light quality is in particular affected by the amount of dirt and water
getting inside the luminaire and should be reduced as much as possible. This can be
assessed according to the IP rating system. According to CIE 154:2003, the IP rating
(dust and moisture protection) has also a direct impact on the luminaire maintenance
factors.

IP is a two digit code. The first digit indicates the level of protection that the enclosure
provides against access to hazardous parts (e.g. electrical conductors, moving parts) and
the ingress of solid foreign objects. The second digit indicates the protection of the
equipment inside the enclosure against harmful ingress of water.

For all road lighting, it is necessary that no ingress of dust is allowed and protection
against water is guaranteed. Benchmark values are provided in Ecodesign Regulation
EC/245/2009:

e IP65 for road classes ME1 to ME6 and MEW1 to MEW6
e IP5x for road classes CEO to CE5, S1 to S6, ES, EV and A

IP65 rating means “No ingress of dust; complete protection against contact” and “Water
projected by a nozzle against enclosure from any direction shall have no harmful
effects”.

8.5.2. Stakeholder discussion

In TR 1.0, a technical specification was proposed for the ingress protection rating of
luminaires in M or C class roads of 65 or 66 (depending on local conditions) and of 55 for
luminaires used in P class roads.

Some stakeholders were against the imposition of minimum requirements for IP ratings
for luminaires in GPP criteria. The main argument against this was that the correct
application of IEC 60598-1 standard (specifically clause 9) is considered appropriate for
deciding what IP rating is required. Any over specification of IP rating was claimed to
simply add cost but no environmental benefits.

However, it was argued that a good IP rating is an essential component of ensuring a
good product lifetime. A general requirement for IP 65 for all road lighting was proposed
by one stakeholder. Another specific suggestion was to require IP66 for road classes M1
to M6 and IP55 for road classes CO to C5, P1 to P6, ES, EV and A. Another stakeholder
added that IP65 was the minimum requirement in Belgium.

8.5.3. Criteria proposals for Ingress Protection

Core criteria Comprehensive criteria

TS14 Ingress Protection (IP) rating

(Same for core and comprehensive criteria.)

Luminaires for M- and C-class roads shall have an optical system with an ingress
protection rating of IP65 or higher, depending on the local conditions.

Luminaires for P-class roads shall be IP55 or higher, depending on the local conditions.
Verification:

The tenderer shall provide the technical specifications, demonstrating that this criterion
has been met according to IEC 60598-1 clause 9.
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Note: The tests for the ingress of dust, solid objects and moisture specified in IEC 60598-1 are not all identical
to the tests in IEC 60529 because of the technical characteristics of luminaires. An explanation of the IP
numbering system is given in Annex J of the standard.

8.6. Failure rate of control gear

8.6.1. Background research and supporting rationale

The control gear is often a weak point for the luminaire life time. As discussed in the
Preliminary report (section 3.4.1.2.2) high-quality drivers provide a service life of more
than 50000 hours with a failure rate of 0.2% per 1000 hours. Low-performance devices
come with a service life of 30000 hours and failure rates of 0.5% per 1000 hours.
Therefore, the core criteria are set at the standard for high quality drivers while the
comprehensive criteria go a step further.

8.6.2. Stakeholder discussion

In TR 1.0, minimum technical specifications were made for maximum acceptable failure
rates of 0.2% per 1000h and a 5 year warranty (core level) and 0.1% per 1000 with a 7
year warranty (comprehensive level).

Stakeholders accepted that the failure rates were well chosen although lower failure
rates associated with better quality control gear would result in increased costs.
Reputable suppliers will already have failure rate test data from industry quality control
testing. Stakeholders were not aware of any international standards for assessing failure
rates for control gear. When prompted about possible requirements in GPP criteria for
higher protection levels in control gear due to dielectric strengths, stakeholders felt that
this would be difficult to verify and should not be specified as it was still under discussion
in the IEC technical committee.

8.6.3. Criteria proposals for control gear failure rates

Core criteria

Comprehensive criteria

TS15 Failure rate of control gear

The specified control gear failure rate shall
be lower than 0.2 % per 1000 h and be
covered by an 8-year warranty for control
gear.

Verification:

The tenderer shall provide a declaration of
compliance with the above failure rate for
any control gear it intends to supply. The
declaration shall be supported by relevant
industry-standard testing procedures.

The specified control gear failure rate shall
be lower than 0.1 % per 1000 h and be
covered by a 10-year warranty for control
gear.

Verification:

The tenderer shall provide a declaration of
compliance with the above failure rate for
any control gear it intends to supply. The
declaration shall be supported by relevant
industry-standard testing procedures.
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8.7. Labelling of LED luminaires

8.7.1. Background research and supporting rationale

This potential criterion is of direct relevance to LED road lighting in particular. If
metering is not in place, a common situation according to stakeholder feedback, it is
difficult to estimate the current electricity consumption of the lighting installation. When
it comes to replacing lamps, it is extremely important to know the relevant input
voltages. These issues are also relevant to traditional lamp technologies, as illustrated by
the labelling scheme that provided in Finnish Transport Agency guidelines.

35W 50W 70W 80w 100w 125w 150W | 250W | 400W |Lamp type

O vV B ox-——
ov 00 mHe X -

High-pressure sodium lamp,
High-pressure sodium lamp,
tubular

ellipsoid
Figure 27. Example of labelling system recommended in Finland for traditional lamp technologies (FTA, 2016).

\4

With traditional lamp technologies, labelling was to some extent simpler because the
lamps were only supplied with certain standard power ratings (e.g. 35W, 50w, 100w,
250W etc.). However, with LED lamps, the rate of technological advance is so fast that
there is not yet any industry standard power rating that can apply. This fact, coupled
with the possibilities for dimming, make it extremely difficult to assess the actual energy
performance of existing road lighting installations, which in turn makes it more difficult
to accurately assess the potential for energy savings by retrofitting the installation with
new and more efficient lamps.

An example of labelling requirements specifically for LED installations is provided in the
Synergrid technical specification used in Belgium (Synergrid), which include the
following:

e Wiring diagram.

e Manufacturer's name, code, serial number and date of manufacture.

e Type of lighting appliance.

¢ Nominal input voltage (or range).

e Nominal input current (or range).

e Total input power (or range).

e Light flux emitted at ambient temperature (25°C).

e LED current in mA.

e Colour temperature and colour rendering index.

e Indication of the dimming control technology (if applicable).

e Mercury free or mercury-containing
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8.7.2. Stakeholder discussion

Some requests were made for an EU GPP criterion that requires a certain amount of key
information to be available on the luminaire. The main reason for this is because LED
technology is advancing so quickly, that it is important that procurers can remain aware
of the actual equipment that they have installed and be well informed when the time
comes to replace the existing LED lamps or luminaires. In theory, all of this information
should be kept in records of the public authority, but these can be lost or incorrectly
archived.

Traditional HID lamp technologies tend to come in one of 3 or 4 standard power ratings
but LED lamps can have a much broader range of power ratings. Such a situation can
make it impossible to accurately estimate the AECI of the lighting installation.

The most important information necessary was generally considered as: power rating;
luminous flux; Upward Light Ratio (ULR); CIE flux codes and CCT. In later discussions, it
was also proposed to include information about the G-Index. The added value of this
information is that it could then be combined with the luminous flux to calculate the
amount of blue light being injected into the environment from the lighting installation:

L
— (-0.4G)
B %83 x 10
Where: B is the power of blue light emission (in Watts), L is the luminous flux (in
lumens) and G is the G-index (unitless).

No objections were received by stakeholders to including this information although no
particularly preferable way of providing this information was described either. The main
options are: stickers with QR codes; stickers with information printed on top or
engravings onto metal plates.

8.7.3. Criteria proposals for labelling of LED luminaires

Core criteria Comprehensive criteria

TS16 Labelling of LED luminaires

(Applicable when new LED luminaires are installed.)

(Same for core and comprehensive criteria.)

The luminaires proposed to be installed by the tenderer shall carry, as a minimum, the
following technical information:

e manufacturer's name, code, serial number and date of manufacture;
e input power rating;

¢ |uminous flux at 25°C;

e upward Light Ratio;

e CIE flux codes;

e correlated colour temperature (CCT);

e G-index;

e indication of the dimming control technology (if applicable).

The information should be included in the luminaire and, where possible, also in a part of
the light pole that is accessible from ground level. The tenderer should specify how
exactly this information will be displayed (e.g. on a label with a QR code, a label with
written information or a metal plate with engravings).
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Verification:

The tenderer shall provide a sample description of the label they propose to provide with
their lighting equipment if their tender is successful.

CPCS8 Labelling of LED luminaires

(Applies to TS16.)

(Same for core and comprehensive criteria.)

The contractor shall commit to providing labels for the luminaires they supply that
contain at least the minimum information specified in TS16.
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9. Traffic signals

Although not strictly the same subject matter, criteria for traffic signals are included
together with the broader criteria-set for road lighting. The main reason for grouping
traffic signals here is that there is no dedicated EU GPP product group for traffic signals
(e.g. EU GPP Traffic Management Systems) and they are not included within the scope
for "EU GPP Road Design, Construction and Maintenance".

9.1. Life Cycle Cost

9.1.1. Background research and supporting rationale

The existing EU GPP criteria for traffic signals focus exclusively on energy efficiency and
set maximum operating wattages of 9 to 12W (core) or 7 to 9.5W (comprehensive
depending on the diameter of the roundel, the colour of the light and whether the
display was a full ball or just an arrow.

The criteria proposed in TR 1.0 (October 2016) were identical to the comprehensive
ambition level set in the 2012 criteria for energy efficiency. The only additional aspect
was that a minimum lamp lumen maintenance factor (L92B50 at 16000 hours) and a
minimum lamp survival factor of L92C08 at 16000 hours were set.

In both the existing EU GPP criteria and the TR 1.0 proposal, there is a lack of data
about the energy consumption of pedestrian signals — which will also be highly relevant
to the contractual subject matter in the majority of road intersections.

Energy efficiency and lifetime data can be quite neatly combined with a life cycle cost
framework over a defined period. Better energy efficiency results in lower electricity
costs and better lifetime results in reduced maintenance costs. An added advantage of
longer life is that there will be less disruption to traffic caused by traffic signal
maintenance.

It is uncertain whether the energy efficiency criteria are ambitious enough and what
range of performance is available on the market. The market front-runner performance
appears to be of the order of just 1-2W (Siemens, 2016). This performance can only be
achieved by replacing load resistors and switching elements with digital LED driver
modules.

Due to the fact that front-runner performance could be 4-9 times better that the EU GPP
requirements and doubts about how widely available front-runner products are and how
much more expensive such technology is, it is considered most appropriate to propose a
criterion for traffic signals based on life cycle cost.

Chicago case study (C40 Cities, 2011)

In 2011, the city of Chicago reported on an ambitious $32 million project, running from
2004-2014, to retrofit traffic signals with LED technology at 2900 intersections. The new
LED traffic signals consume 85% less energy and save $2.55 million per year. It was
unclear if the cost savings referred to all 2900 intersections up for replacement or only
to the 1000 intersections that had been replaced at the time of the report. Regardless,
the worst-case payback period was less than 13 years.

In terms of relative importance in Chicago, installed power for traffic signals was 6MW
while road lighting was 70MW.

Graz case study (COMPETENCE)

Graz has around 260 traffic signal intersections and is promoting the replacement of
traffic signals with LED technology whenever the existing lamp needs to be replaced. The
assessment assumed an energy consumption of 75W for the traditional lamp and 10W
for the replacement LED lamp. In terms of lifetime, the traditional lamps were replaced
every 6 months as per a fixed maintenance schedule (an annual maintenance cost of
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€960,000). The replacement schedule can be extended by a factor of 6 (i.e. up to 3
years instead of every 6 months) when using LED lamps.

At the time of publication (year unknown), LED lamps for traffic signals were 2-3 times
higher than traditional lamps but it could be realistically expected that this would be paid
back within 2 years simply by the longer lifetime.

In terms of relative importance in Graz, electricity consumption for traffic signals was 1.7
million kWh/yr while (ca. €220,000) road lighting was 8.5 million kWh/yr (ca. €1.1
million).

For comparison, the same document citing the Graz case study provided details of the
2001 retrofit of traffic signals in Stockholm in 2001 (530 intersections). A total additional
LED-related investment of €3 million was paid back in 4-5 years thanks to annual
savings in electricity (€471,000/yr) and maintenance (€243,000/yr).

Early US experience (RPN, 2009)

Even back in 2009, LED was the standard approach for any new traffic signal
installations in the US. The replacement of traditional incandescent lamps with LED
lamps results in energy savings of around 93%. In 2009 the reported difference in lamp
costs was typically $3 for incandescent bulbs and $150 for LED bulbs - a factor of 50
difference!

Despite the major differences in capital costs, savings on electricity and maintenance are
so high that payback periods of 0.5 to 3 years for retrofitting traffic signals with LEDs are
the norm.

The energy saving potential of retrofitting an individual traffic signal will depend on the
duty cycle (i.e. red-amber-green). The US study found that, in general, the retrofitting of
red signals should be prioritised over green signals and that amber signals were of least
potential energy savings.

Green signals,
30%

Amber
signals, 2%

Figure 28. Energy saving potential for different lights in traffic signals (Source RPN, 2009)

The authors of the 2009 RPN guide also illustrated the specific savings that are possible
for different traffic light fixtures.
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Table 14. Energy and cost savings of incandescent vs. LED traffic signals

Incandescent wattage LED Wattage -
Annual electricity
(Annual energy (Annual energy savings per LED*
consumption, kWh) consumption, kWh) 9s P
12 inch red ball (55% 150 10
duty cycle) (723) (48) $67.50
12 inch red ball (90% 150 7
duty cycle) (1183) (55) $112.80
12 inch green ball (45% 150 11
duty cycle) (591) (43) $54.80
12 inch green arrow 150 7
(10% duty cycle) (131) (6) $12.50
. 67 8
Stop hand display (528) (63) $46.50
. ) . 67 8
Walking figure display (59) 7) $5.20

*assuming an electricity cost of $0.10/kWh

Specific examples of municipalities implementing the replacement of traffic signals were
provided:

e Denver, CO (1996): Replacement of >20,500 traffic signals (150W incandescent
with 14W LED or 69W incandescent with 8W LED) saving $276,000 per year in
electricity and $154,000 per year in maintenance. Payback period was less than 4
years.

e Salt Lake City, UT (2001-2007): Replaced red and green bulbs with LEDs and
reduced electricity consumption by 70% (almost 2 million kWh/yr) and electricity
costs by $115,000/yr.

e Portland, OR (2001): Replaced 6900 red and 6400 green incandescent bulbs with
LEDs at a cost of $2.2 million and reduced electricity consumption by 4.9 million
kWh/yr, reduced electricity costs by $335,000/yr and reduced maintenance costs
by $45,000.

Considering the notable increases in electricity costs in the last 10-15 years and the
simultaneous decrease in the cost of LED lamps, it is clear that the financial benefits of
investing in LED-based traffic signals has increased significantly and must today be the
stand-out candidate in any ITT that considers lifetime costs. Today the main competition
is likely to be between one LED-product and another LED-product.

There is clearly a lot of experience in calculating life cycle costs and payback periods for
justifying investments in LED traffic signals although the precise details of how this is
done are not well published and are likely to vary from one project to another and from
one public authority to another. This could be due to factors such as the use of in-house
or contracted maintenance staff and electricity tariffs.

9.1.2. Stakeholder discussion

Very little discussion took place about criteria relating to traffic signals. Some mixed
comments were raised about the wattage requirements initially proposed in TR 1.0 with
one stakeholder stating that the limits were already too ambitious and another stating
that the ambition limits were acceptable.

Further doubts were raised about the 1W traffic signal front-running technology in terms
of capital cost and the need for ancillary equipment that would rule out simple retrofits.

In general, support was expressed for lifetime criteria.
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9.1.3. Criteria proposals for Life Cycle Cost

Core criteria Comprehensive criteria

TS1 - Life Cycle Cost

(Same for core and comprehensive criteria.)

The life cycle cost shall be calculated based on the specifications set by the procurer,
which should include:

e the timeframe (e.g. 8 years);

e an inventory of the traffic signals required (e.g. red ball signals, amber ball
signals, green ball signals, green arrow signals, pedestrian stop signals and
pedestrian go signals);

e the average duty cycle of each traffic signal (e.g. red signal 55 %, amber signal
2 %, green signal 43 %); and

e the electricity rate (e.g. EUR 0.12/kWh).

The tenderer shall provide the following details in order to complete the life cycle cost
assessment:

e the period of time that bulbs are covered by warranty for abrupt failure;

e the rated lifetime of the lamp (i.e. the time when lamp lumen output is expected
to fall to 70 % of the original output);

e the average power demand (kW) during the timeframe set by the procurer and
converted into a total power consumption (kWh) over the same timeframe;

e the purchase cost for lamps (both at the beginning and for any necessary
replacement during the defined timeframe);

e the purchase cost for any ancillaries;
e the purchase cost for any poles, foundations and new electrical connections; and

e the installation cost (hours of labour multiplied by labour rates, plus any costs for
lifting equipment, etc.).

Verification:

The procurer shall provide the tenderers with a common spreadsheet-based life cycle cost
calculator in which the information required from the procurer has already been entered.

The tenderer shall submit a copy of the completed spreadsheet, together with a
declaration confirming that these costs are valid at least for a defined period covering the
original timescale planned for the execution of the contract after selection of the
successful tenderer.

AC1 Lowest Life Cycle Cost

(Applies to TS1.)

(Same for core and comprehensive criteria.)

A maximum of X points shall be awarded to the tenderer whose proposal is shown to
have the lowest life cycle cost.

Points shall be awarded to other tenderers in proportion to how their life cycle cost
compares to the lowest cost using the following formula:

lowest LCC of all tenders

Point ded to tender A= X
omts awarae o tenaer X LCCoftendeTA

Verification:
Once all tenders have been received, the procurer shall be able to determine which
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tender provides the lowest life cycle cost and use this to determine how many points
should be applied to each tender.

9.2. Warranty

9.2.1. Background research and supporting rationale

The justification for a criterion relating to product warranty for traffic signals is broadly
similar to the arguments presented for warranties for street lighting in section 9.3. The
superior longevity of LED lamps and their lower incidence of abrupt failure when
compared to incandescent lamps results in less frequent replacement cycles and
maintenance interventions.

One notable difference between traffic signals and street lights is that the former are 24
hours per day switching through short duty cycles of the order of seconds while the
latter tend to have one single and continuous duty cycle for 10-12 hours per day and
then are switched off. As a result, lamps used in traffic signals need to be replaced more
frequently than lamps based on the same technology when used in street lighting. This
fact should also be reflected in shorter warranty periods for traffic signals.

Despite the superior longevity of LED-based lamps compared to incandescent lamps,
there is a range of performance within LED technology alone. As illustrated in Figure 26
in section 8.3.1, a number of factors can contribute to a reduced lifetime of LED lamps. A
sufficiently long warranty is an indirect way of ensuring that the contractor will take
extra care to minimise the possible factors that could shorten lamp lifetime. Such factors
include:

e overheating of electronics due to inadequate heat sinks/cooling mechanisms,

e the use of good quality LED chips,

e the use of durable capacitors and drivers that can accurately regulate currents
within design specifications.

The need for a warranty going beyond the standard 2 year period is also necessary in
order to back up claims and assumptions made in the life cycle cost assessment.

9.2.2. Stakeholder discussion

Since this is a new proposal, no previous stakeholder discussion has taken place about
this criterion in particular for road lighting.

The main motivation for including such a criterion is that if it is relevant for road lighting
it should be even more relevant for traffic signals, given the more acute potential safety
impact.

9.2.3. Criteria proposals for traffic signal warranty

Core criteria Comprehensive criteria

TS2 - Product lifetime, spare parts and warranty

(The thresholds defined here are applicable to LED- | (The thresholds defined here are applicable to LED-
based light sources, lamps and luminaires.) based light sources, lamps and luminaires.)

Any LED-based light sources shall have a | Any LED-based light sources shall have a
rated life at 25°C of: rated life at 25°C of:

e |96 at 6 000 hours, e |96 at 6 000 hours,
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e L70 at 50 000 hours (projected),
e LOCO at 3 000 hours or C10 at 6 000

hours,
e (C50 at 50 000 hours (projected).
The repair or provision of relevant

replacement parts of LED modules suffering
abrupt failure shall be covered by a
warranty for a period of 5 years from the
date of installation.

Verification:

Testing and verification shall be conducted
by an International Laboratory
Accreditation Cooperation-accredited
laboratory that meets IES LM-80* for
actual data and IES TM-21* for projected
data.

The tenderer shall provide a copy of the
minimum 5-year warranty to be signed if
the tender is successful.

The contractor shall provide a copy of the
warranty that will apply if the tender is
successful and provide the necessary
contact details (phone and email as a
minimum) for dealing with any related
queries or potential claims.

For clarity, the warranty shall, as a
minimum, cover the repair or replacement
costs of faulty LED module parts within a
reasonable timeframe after notification of
the fault (to be defined by the procurer in
the ITT), either directly or via other
nominated agents. Replacement parts
should be the same as the originals, but if
this is not possible, equivalent spare parts
that perform the same function to the same
or to a higher performance level may be
used.

The warranty shall not cover the following:

a) faulty operation due to vandalism,
accidents or other extreme weather events;

b) lamps or luminaires that have been
working for a significant time under
abnormal conditions (e.g. used with the
wrong line voltage), insofar as this can be
proven by the contractor.

*To be updated to LM-84 and TM 28 when
these versions are published.

e L70 at 100 000 hours (projected),
e LOCO at 3 000 hours or C10 at 6 000

hours,
e (C50 at 100 000 hours (projected).
The repair or provision of relevant

replacement parts of LED modules suffering
abrupt failure shall be covered by a
warranty for a period of 7 years from the
date of installation.

Verification:

Testing and verification shall be conducted
by an International Laboratory
Accreditation Cooperation-accredited
laboratory that meets IES LM-80* for
actual data and IES TM-21* for projected
data.

The tenderer shall provide a copy of the
minimum 7-year to be signed if the tender
is successful.

The contractor shall provide a copy of the
warranty that will apply if the tender is
successful and provide the necessary
contact details (phone and email as a
minimum) for dealing with any related
queries or potential claims.

For clarity, the warranty shall, as a
minimum, cover the repair or replacement
costs of faulty LED module parts within a
reasonable timeframe after notification of
the fault (to be defined by the procurer in
the 1ITT), either directly or via other
nominated agents. Replacement parts
should be the same as the originals, but if
this is not possible, equivalent spare parts
that perform the same function to the same
or to a higher performance level may be
used.

The warranty shall not cover the following:

a) faulty operation due to vandalism,
accidents or other extreme weather events.

b) lamps or luminaires that have been
working for a significant time under
abnormal conditions (e.g. used with the
wrong line voltage), insofar as this can be
proven by the contractor.

*To be updated to LM-84 and TM 28 when
these versions are published.

AC2 Extended Warranty
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(Applies to TS2.)
(Same for core and comprehensive criteria.)

A maximum of X points shall be awarded to tenderers that are willing to provide initial
warranties that go beyond the minimum warranty periods stated in TS2 and whose cost is
already included in the bid price. Points shall be awarded in proportion to how long the
warranty exceeds the minimum requirements, as follows:

e Minimum + 1 year: 0.2X points

e Minimum + 2 years: 0.4X points

e Minimum + 3 years: 0.6X points

e Minimum + 4 years: 0.8X points

e Minimum + 5 years or more: X points

Tenderers may also optionally provide quotations for extended warranties that are not
included in the bid price, although points shall not be awarded for this. In such cases, no
payment for any extended warranty will be required until the final year of the initial
warranty, after which the procurer will make annual payments to the successful tenderer
at the beginning of each year of the extended warranty.

Furthermore, the procurer will have the option to initiate or reject the offer of an
extended warranty right up until the final year of the initial warranty; the costs of the
extended warranty will be those initially proposed, plus inflation.

101




9.3. Dimming

9.3.1. Background research and supporting rationale

The background research for dimming of LED-based traffic signals is essentially the same
as that presented in section 6.2.1.

9.3.2. Stakeholder discussion

Most of the relevant discussion took place during the 2™ AHWG meeting. Stakeholders
emphasised the benefits of dimming: reduced energy consumption, reduced light
pollution and reduced risk of overheating, with the latter aspect also reducing the risk of
abrupt failure.

Unlike road lighting, the difference with traffic signals is that they must operate both
during the day and the night. The maximum luminous flux from a traffic signal is based
on it being sufficiently visible to road users during the day.

Somewhat ironically, traffic signals are easier to identify during the night because there
is much less interfering background light. This led some stakeholders to propose that
traffic signals should be able to be dimmed during the night-time without compromising
the minimum visibility required.

Consequently, an award criterion is proposed to reward tenderers who are able to offer
systems with dimming controls.

9.3.3. Criteria proposals for traffic signal warranty

Core criteria Comprehensive criteria

AC3 - Dimming controls

(Applicable to all calls for tender, unless it is clear that dimming controls would lead to a higher total
cost of ownership. Procurers should clearly define the desired dimming performance in the ITT.)

(Same for core and comprehensive criteria.)

Points shall be awarded to tenderers that specify light sources and luminaires with fully
functional dimming controls that are programmable to implement dimming during periods
of low night-time road use intensity.

Verification:

The tenderer shall provide documentation from the manufacturer(s) of the light sources
and luminaires that are proposed for use by the tenderer, showing that they are
compatible with dimming controls.

The documentation shall also provide a power curve of light output versus power
consumption, state the maximum dimming possible and provide instructions about how
to programme and re-programme the controls.
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Annexes

Annex I: Calculating PDI.

The PDI value, in W/(Ix.m?) essentially tells us how much power is consumed to provide
one lux average illuminance (Ix) over one square metre. Generally speaking, the lower
the PDI value, the better the lighting system energy efficiency. It is relative to the
installed illumination and therefore does not take into any desired light level and
consequently, whether or not the installation is over-lit.

The PDI value is technology neutral and should include power consumption from all
components of a luminaire with light source installed. For this reason, there is no need to
set overlapping requirements for individual types of lamps and ballasts.

Calculating PDI[W/(Ix.m2)] or [W/Im]
The Power Density Indicator is calculated according to EN 13201-5:2016 as follows:

P
POl =br = S @ x A
Where P is the system power, Ei is the average maintained horizontal illuminance of sub-area A.
and n is the number of sub-areas. Any one particular sub-area may have illuminance classes
defined as luminance requirements, L,m (e.g. M-class road sections) or illuminance, E,m or
illuminance requirements E,hs (e.g. C or P class road sections). The following conversion formulas
for switching from luminance and illuminance are provided in EN 13201-5:2016:

o Illuminance (E,m) = Luminance (L,m) / 0.07 (where 0.07 is a general "rule of thumb"
coefficient for a reference asphalt surface, in cd/(m?.Ix. For greater accuracy, in-situ
measurements of the asphalt road surface reflectivity should be taken (especially if not
asphalt!) and results generated via a specialised lighting program).

o Illuminance (E,m) = Hemispherical illuminance (E,hs) / 0.65

It should be noted that 1 W/(Ix.m2), i.e. the unit of PDI, is equivalent to 1 W/Im which is the
reciprocal value of the installation efficacy in Im/W. The PDI indicator does not take into account
dimming and/or over-lighting.

As indicated above, it is important to be aware of the target area to be lit, A, and this in
turn requires knowledge about the road profile. It is important to be aware of the road
profile and the target area to be lit when calculating the PDI.

Road profile

The road profile describes the layout of the road sections to be lit, lighting points, any
adjacent pedestrian areas intended to be lit and any vegetated areas or central
reservations not intended to be lit, see Figure 29 below.
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Figure 29. Examples of different possible road profiles and the associated areas to be included in any PDI calculations
(adapted from EN 13201-5)

The results for PDI and AECI will be influenced by light output that is essentially "spilled"
onto non-target areas. Consequently, a clear understanding of the road profile is
important to ensure that different designs are comparable. In certain circumstances,
where there is a degree of freedom about the placement of luminaires, the road profile
will need to be considered in detail to deliver the optimum energy efficiency without
creating problems due to glare or a lack of uniformity. Note that road classes M1-M6
have Edge Illumination Ratio (EIR) and if the carriageway of a road is not surrounded by
other areas, the surrounding areas used for calculating EIR are not included in the
calculation of power density indicator. As a consequence this can lower the PDI.

Example calculations with real data — (i) road only (Synerqgrid-b)

The following example is for a road where the target average maintained luminance
is 1.00 cd/m?. To minimise the potential for over-lighting, the target luminance also
must not be exceeded by more than 25% (i.e. luminance must be between 1.00 and
1.25 cd/m? - the lower within this range the better). The EN 13201-5:2016 standard is
less stringent in this respect, allowing average luminance to be exceeded by up to 50%.

Aroad
. e e R
e e—— = M e———————
oo e T S T T s
SX X X % X X% ox x X X/l
P4

Figure 30. Target area for the calculation of PDI in one road sub-area (Source: Synergrid-b).

To calculate PDI, it is necessary to use suitable lighting calculation software and the
photometric file of the light source and luminaire. A real example of the main data
needed to calculate PDI include:
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e Road width = 7m

e Distance between light poles = 36m

e Sub area, Aag = 252m?

e Height of luminaires = 8m

e Power consumption of the two luminaires (P1) = 115 W (HPS lamp 110W on
electronic ballast)

e Luminous flux of the lamp = 10000 Im

e Maintenance factor = 0.92 (IP66, glass cover)

From these data, the average maintained illuminance on A,y can be calculated to be
14.4 Ix (including the maintenance factor). Once the illuminance is known, the PDI can
be calculated as follows:

P, B 115W
Erona X Aroqa  14.41x x 252m?

PDI = Dp = = 0.032 W.lx L. m™?

A final check is required to see if the average maintained luminance level is adequate, so
it is necessary to convert illuminance into luminance:

Illuminance (Ix) x surface reflectivity coef f.= Luminance (cd.m™?)
= 14.41x x 0.0722cd.Ix"1. m 2 = 1.04cd. m™2

The final luminance result was indeed compliant with the example (i.e. between 1.00
and 1.25 cd.m™) and the PDI was calculated as 0.032 W.m™.Ix.

It is important to understand that the surface reflectivity coefficient is not a fixed
number but will vary depending on the colour and texture of the road surface. Even for a
given road surface, the actual reflectivity varies as a function of the wavelength of light.

reflecatance (%)
reflecatance (%]

a) b)
0+ T T T T T T T T T 1 0,1 + ¥
420 440 460 480 500 520 540 560 580 600 620 640 660 680 70C 820 440 460 480 SDO 520 540 S60 580 €00 620 640 £60 €80 70(

Wavelength (nm) Wavelength [nm]

Figure 31. Light reflectance as a function of wavelength on a) asphalt surfaces and b) concrete surfaces (adapted
from Falchi et al., 2011, original data sources can be found therein).

From the graphs above it is clear that light at longer wavelengths is reflected more. This
is especially important in M-class roads when trying to calculate the installed power that
is necessary to achieve a given luminance on the road. The higher the proportion of
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longer wavelength light emitted in the visual range, the lower the installed power should
need to be. Other important aspects are the much higher reflectivity of concrete in
general (x3 to x5) compared to asphalt and the fact that there is a significant range of
variation amongst different concretes (more significant) and amongst different asphalts
(less significant).

Example calculations with real data — (ii) road with sidewalk

In cases where the road profile requires different lighting levels for at least 2 different
areas, the calculation of PDI is more complex and another example (again from the
Synergrid technical specification document) is provided below:

Asi-:lex-‘.- A' c:e-.«-‘tE

k1 Aroecl\.‘.rag.r

P

Figure 32. Target areas for calculation of PDI where two lighting classes are required in one sub-area (Source:
Synergrid-b).

The following details can be used in lighting software to calculate the average
maintained illuminance on the road and on the sidewalks:

Width of roadway = 7m

Width of the sidewalk = 2m (on each side)

Distance between the light poles = 25m

Sub area Arpag = 175m?

Sub area Asidewalk1i = 50m2

Sub area Asidewalk2 = 50m2

Power rating of luminaire P1 = 103W (90 W MHHP with electronic ballast)
Maintenance factor = 0.87 (MHHP lamp, IP 66, glass cover)

Luminous flux = 10500 Im

Height of the luminaire = 8m

This results in an average maintained illuminance on road of 17.4Ix (including the
maintenance factor and on the sidewalks of 12.2Ix (again including the maintenance
factor).

The clearest explanation of the PDI calculation is by following the "absolute method"
described in the Synergrid specification. It is necessary to read of the percentages of
light output from the luminaire that fall on each of the target areas, as illustrated in
Figure 33.
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Figure 33. Reading of the *"utilance™ of luminous flux from luminaire (Source: Synergrid).

The extrapolation of data reveals that 9% of the luminous flux lands on sidewalk 1, 47%
lands on the road and 5% (i.e. 52% - 47%) lands on sidewalk 2 - resulting in an overall
utilance of 61%, or 0.61.

For the calculation of PDI to be true, it is also necessary to account for the energy that is
spent on light that does not reach the target areas. So percentage of power used to
illuminate the road is essentially 77% of the 103W (i.e. 47%/61% x100), on sidewalk 1
it is 14.8% of the 103W (i.e. 9%/61% x 100) and on sidewalk 2 is it 8.2% of the 103W
(i.e. 5%/61% x100). This two sidewalk values can be combined (i.e. taking 23% of the
power) since, due to the staggered layout of lighting points shown in Figure 32, they will
receive the same total luminous flux overall.

So the PDI calculations now become:

0.77 x 103W Y
PDI = Dprodvay = Toqrqogs = 0:026 Wm™2lx
And
0.23 x 103W o
PDI = DPsidewalk1+2 = =0.0194Wm lx

(12.21x x 50m?) + (12.21x x 50m?)

For ease of comparison with different designs, the PDI for the road, sidewalk 1 and
sidewalk 2 can also be aggregated into a single value so long as the average (and
maximum) maintained luminance/illuminance levels are specified equally and are
complied with by all designs.

Limitations of PDI

Although the PDI is a useful measure of the energy efficiency of the installation, it is not
so easy to understand for procurers, who will be most interested in the electricity bill. As
the term suggests, PDI, is only an indicator of energy efficiency and not a direct
measure of energy consumption.
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Because PDI is relative to the installed illumination, it does not take into account over-
lighting. For example, it is possible for a road to have a very low PDI value even when in
reality the lighting levels on the road, and thus the energy consumption, could be much
higher than they needed to be. This is why it is necessary to have some check that
luminance or illuminance levels do not exceed targets by more than a certain amount
(e.g. 25%). The PDI can potentially be weighted to factor in constant light output (CLO)
and dimming scenarios by adjusting the system power value but how this number is
arrived at is not so transparent in the standard PDI calculation.

PDI should not be used as a stand-alone requirement for energy efficiency. In order to
avoid potential perverse outcomes, it is very important that the procurer specifies the
average and maximum maintained lighting levels required for each sub-area of the road.
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Annex II: Reference PDI and AECI table.

Table 15. PDI reference values and their translation into AECI "'base values' as a function of road width

Ambition level and road width (to be lit)

Year Core Comp Core Comp Core Comp Core Comp Core Comp Core Comp

<5m <5m 5-6m 5-6m 6-7m 6-7m 7-8m 7-8m 8-9m 8-9m 29m 29m

PDI reference values 2018-19 0.023 0.018 0.020 0.016 0.018 0.015 0.016 0.013 0.014 0.012 0.014 0.012

Wkt m?2 202021 0.021 0.016 0.018 0.015 0.015 0.013 0.014 0.011 0.012 0.011 0.012 0.011

=1/ (lum. eff.x MF x utilance) 2022-23 0.018 0.014 0.016 0.013 0.014 0.012 0.012 0.010 0.011 0.010 0.011 0.010

AECI "base values 2018-19 0.094 0.053 0.081 0.048 0.071 0.044 0.063 0.038 0.057 0.035 0.057 0.035

kWh.m™“.yr~.Ix

(Basically PDI x 0.001kW/W x 2020-21 0.083 0.047 0.071 0.042 0.062 0.039 0.055 0.033 0.050 0.031 0.050 0.031
4015h/y and x 1.00 (core) or 0.73

(comp.) dimming factor) 2022-23 0.074 0.042 0.063 0.038 0.055 0.035 0.049 0.030 0.044 0.028 0.044 0.028

Co* C1* Cp | 201819 1.874 1.057 1.607 0.961 1.406 0.881 1.250 0.755 1.125 0.705 1.125 0.705

Actual AEC] reference Pt 202021 1.654 0.935 1.418 0.850 1.240 0.779 1.103 0.668 0.992 0.623 0.992 0.623

values which are (avg. 20 lux) 55553 1.470 0.833 1.260 0.757 1.103 0.694 0.980 0.595 0.882 0.555 0.882 0.555

simply the AEC| base c3/p1 2018-19 1.406 0.793 1.205 0.721 1.054 0.661 0.937 0.566 0.843 0.529 0.843 0.529

values above 202021 1.240 0.701 1.063 0.637 0.930 0.584 0.827 0.501 0.744 0.467 0.744 0.467

multiplied by the (avg. 15 1ux) 55553 1.103 0.625 0.945 0.568 0.827 0.520 0.735 0.446 0.662 0.416 0.662 0.416

illuminance (lux). 4/ p2 2018-19 0.937 0.529 0.803 0.480 0.703 0.440 0.625 0.378 0.562 0.352 0.562 0.352

2020-21 0.827 0.467 0.709 0.425 0.620 0.389 0.551 0.334 0.496 0312 0.496 0312

vcoor c1 levels must be | @8 101X 202223 | 0735 0.416 0.630 0.379 0.551 0.347 0.490 0.297 0.441 0.278 0.441 0.278

able to meet to AECI C5/P3 2018-19 0.703 0.396 0.602 0.360 0.527 0.330 0.469 0.283 0.422 0.264 0.422 0.264

based on 20lux (e.g. via (avg. 7.5 202021 0.620 0.351 0.532 0.319 0.465 0.292 0.413 0.250 0.372 0.234 0.372 0.234

improved dimming). lux) 2022-23 0.551 0312 0.473 0.284 0.413 0.260 0.368 0.223 0.331 0.208 0.331 0.208

2018-19 0.469 0.264 0.402 0.240 0.351 0.220 0.312 0.189 0.281 0.176 0.281 0.176

Note that for M-class P4 2020-21 0.413 0.234 0.354 0.212 0.310 0.195 0.276 0.167 0.248 0.156 0.248 0.156

; Z‘;Zz';hz e’”;;;g;:’:j (avg.-51ux) 505553 0.368 0.208 0315 0.189 0.276 0.173 0.245 0.149 0.221 0.139 0.221 0.139

which wil be Influenced os 2018-19 0.281 0.159 0.241 0.144 0.211 0.132 0.187 0.113 0.169 0.106 0.169 0.106

by the surface reflctivity | (avg, 3 lux) 22202 0.248 0.140 0.213 0.127 0.186 0.117 0.165 0.100 0.149 0.093 0.149 0.093

of the road (luminance < : 2022-23 0.221 0.125 0.189 0.114 0.165 0.104 0.147 0.089 0.132 0.083 0.132 0.083

lluminance x b6 2018-19 0.187 0.106 0.161 0.096 0.141 0.088 0.125 0.076 0.112 0.070 0.112 0.070

reflectivity). (v, 2 I | 202028 0.165 0.093 0.142 0.085 0.124 0.078 0.110 0.067 0.099 0.062 0.099 0.062

: 202223 0.147 0.083 0.126 0.076 0.110 0.069 0.098 0.059 0.088 0.056 0.088 0.056

The differences in PDI values for different years are based on a tiered increase in luminaire efficacy that is expected to be delivered by the LED industry or 17 Im/W every
two years between the periods 2018 and 2023. The starting luminaire efficacies are 120 Im/W (core) and 130 Im/W (comp.) in 2018.

For all PDI reference values a maintenance factor (MF) of 0.85 is assumed. The utilance values vary as a function of road width and criterion ambition level as follows:
Core/Comp: <5m wide (U=0.42/0.5); 5-6m wide (U=0.49/0.55); 6-7m wide (U=0.56/0.6); 7-8m wide (U=0.63/0.7); 8-9m wide (U=0.7/0.75); =9m wide (U=0.7/0.75).
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Annex III. Examples of PDI specs in IT and BE

Italian approach to PDI requirements

One stakeholder provided details about the approach to PDI in Italy, where the term
"IPEI" (defined as the Parameterized Energy Index for Lighting Systems) has been
designed to give a broad evaluation of lighting installation energy efficiency in a
comparable manner. IPEI is related to the ratio between PDI (or Dp) and a fixed
reference value (PDI, or Dp,r) that is defined for each road lighting class as per the
definitions in EN 13201 (i.e. M-class, C-class and P-class roads).

Table 16. IPEI (reference PDI values) for different Italian road classes

Road PDI (IPEI) (W/lux.m?)
class Road lighting  Area lighting, roundabout, parking lot = Pedestrian area, bike lane
M1 0.035
M2 0.037
M3 0.040
M4 0.042
M5 0.043
M6 0.044
co 0.03 0.039
C1 0.032 0.042
C2 0.034 0.044
C3 (P1) 0.037 0.048
C4 (P2) 0.039 0.051
C5 (P3) 0.041 0.053
P4 0.043 0.056
P5 0.045 0.059
P6 0.047 0.061
P7 0.049 0.064

The reference PDI, is less demanding for classes with lower luminance/illuminance
requirements - which is justified since these will use lower wattage lamps that may have
lower inherent luminaire efficacies. Denominated road types are: ‘road lighting (M
classes)’, ‘area lighting, roundabout, parking (C&P classes)’ and ‘pedestrian or bike lane'
(P classes)’. Depending on the IPEI ratio energy efficiency labels are given to lighting
installations (G to A5+). The IPEI labels serves as a benchmark in public tenders in Italy.

Belgian approach to PDI requirements

One stakeholder made reference to a Belgian standard (Synergrid C4/11-2, 2016
version) that defines the minimum energy efficiency requirements (PDI and AECI) for M
class roads and that these requirements have indeed been linked to road width as shown
in the table below.

Table 17. Maximum PDI values permitted for Belgian M-class and C-class roads

Lighting Road width

class 4m 5m 6m 7m 8m 9m 10m 11m
M2 0.035 0.035 0.035 0.03 0.025 0.02 0.02 0.02
M3 0.05 0.045 0.04 0.035 0.03 0.03 0.03 0.03
M4 0.05 0.045 0.04 0.035

M5 0.05 0.045 0.04 0.035

C2 0.06 0.05 0.04 0.03 0.03 0.03 0.03

C3 0.065 0.055 0.045 0.035 0.035 0.035 0.035

C4 0.07 0.06 0.05 0.04 0.04 0.04 0.04
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The data in Table 17 reveal that as the road width decreases, the maximum permitted
PDI value increases. This is consistent with the general idea that it is more difficult to
efficiently light narrower roads due to light spilling over the target area (i.e. the
"utilance" factor decreases).

The PDI requirements also become more relaxed as the lighting level required decreases
(i.e. moving from M2 to M5 or C2 to C4) because these will require lower wattage lamps
that may result in inherently lower luminaire efficacies. While this reasoning holds true
for HID type lamps, it is not really the case for LED-based lamps, whose efficacies are
much less dependent on operating power.

The Belgian requirement is very pragmatic but is only applicable in regions where there
is a common approach to classifying the required lighting levels for roads. Since this is
not common across the EU, it is not recommended to refer to road classes at all in the
criteria but instead to the average maintained luminance or illuminance level specified by
the procurer.
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Annex IV. Examples of Life Cycle Costing

Life cycle costing (LCC) is a hugely relevant topic for road lighting. The dominant life
cycle cost for traditional High Intensity Discharge (HID) technologies has always been
electricity consumption during the use phase. LED technologies are more efficient but,
although their cost has rapidly decreased during the last five years, they are also more
expensive to buy than HID. When considering a shift from HID to LED, public authorities
need to be able to make the best objective decision for them from an economic
perspective. Conversion of a road lighting installation from HID to LED typically requires
a high capital outlay greater than a public authority’s annual road lighting budget.
Consequently, demonstrating lower LCCs may actually be a pre-requisite for obtaining
financing to convert to a LED installation.

A number of LCC comparisons have been carried out in US cities and towns, where LED
uptake for road lighting installations began. Some are briefly described below.

e The City of Portland invested $18.5 million in replacing 45 000 HPS light points
with LED with 50 % lower energy consumption — leading to savings of $1.5
million per year in reduced energy and maintenance costs. That equates to a
payback period of eight years when discount rates are factored in (Portland,
2015).

e The City of Los Angeles invested $57 million in replacing 140 000 HPS light points
with LED with 63 % lower energy consumption (Los Angeles, 2013). The energy
savings were initially expected to be around 40 %, but advances in LED
technology ahead of the project resulted in greater savings. The study also noted
rapidly falling unit costs (e.g. between March and September 2012, the cost fell
from $495 to $309). Annual savings of $2.5 million in maintenance costs alone
are expected, due to the lower failure rate of LED (0.2 % for LED versus 10 % for
HPS). Together with $7.5 million savings in electricity costs, the total annual
savings of $10 million should result in a payback period of five to six years.
However, the study urged caution in procuring LED solutions, when it was found
that only 84 of 244 LED units met the quality specifications set out by the Bureau
of Street Lighting website (BSL, 2018).

e Charlotte County considered the costs in 2016 of changing their 2 145 light points
from HPS to LED lighting. Their existing maintenance costs were assumed to be
between $28 and $55 per light point, depending on the type. The power cost of
an HPS light was around $12/month and a LED light assumed to be $6/month (a
50 % reduction). Current energy and maintenance costs (for HPS) are $310 000
and $80 000 respectively. The costs they quoted for different types of luminaire
were as follows: cobra head (HPS $345, LED $780) and decorative head (HPS
$1 200, LED $1 800). It was assumed that an HPS lamp would be replaced every
5 years, the LED power module ($150) would be replaced every 5 years as well,
and the LED optical module ($750) would need to be replaced every 20 years.
They concluded that costs for HPS and LED were similar over a 20-year period,
but that falling LED costs would soon make it the more economical option.

e In Minnesota (City of Chanhassen) in 2012, simple payback periods of 8-12 years
were estimated for converting from HID to LED lighting (Swanson and Carlson,
2012). Lifetimes of 6 years (21 000 hours) and 22 years (78 000 hours) were
estimated for HID and LED lamps respectively (based on 3 550 hours’ operation
per year). The authors found that the pricing for LED luminaire purchase varied
significantly depending on the efficacy required, the size of the order and the
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length of the supply chain. For batches of 500 luminaires, the prices ranged from
$250 to $1 325 per LED luminaire. A new HPS lamp was estimated to cost $11
and a new pole $800. To install a new HPS lamp or a new LED luminaire was
estimated to cost $110 and the installation of a new pole $1 500. A 60 % saving
in energy consumption was assumed for LED and total service costs of LED over
22 years were estimated at $220. Different discount rates of 2 %, 4 % and 8 %
were applied, an electricity rate of $0.046/kWh was assumed and three different
leasing rates were considered. In almost all cases, the LED option was cheaper
than the HID option from an LCC perspective. The higher the discount rate, the
less attractive the LED option.

In Phoenix, the conversion of almost 95 000 HPS light points to LED was
considered in 2013 (Silsby, 2013). Over a period of 10 years, they considered
HPS and LED with the following characteristics: energy cost per light per year
(HPS $72.36, LED $32.88); fixture cost (HPS $250, LED $475); fixture
installation (HPS $29, LED $29); and lamp life (HPS 20 000 hours, LED 50 000
hours). In conclusion, they found that LED was around 20 % cheaper over a
period of 10 years. Applied to the City of Phoenix, this equated to around $5
million per year once the whole system was converted. For a $1 million

investment in LED, a 9-year simple payback period was calculated.

Using the LCC calculator from the Swedish National Agency for Public Procurement, a
number of scenarios are calculated to demonstrate the influence of different variables on
LCC of any particular design solution. The tool requires the following input parameters

from the procurer and the supplier:

Table 18. Input parameters required for calculating LCC with the Swedish tool (note that 1 SEK is roughly equal to

0.1 EUR)
Data from procurer Data from supplier
Usage time (years) Number of luminaires and price per Iluminaire
(SEK/luminaire).
Discount rate (%) Material and labour cost per luminaire installation
(SEK/luminaire).
— - Investment - -
Electricity price (SEK/kWh) costs Number of poles and foundations and price per pole
and foundation
Annual electricity price change (%/year) Material and labour cost per pole installation and
foundation (SEK/pole or foundation).
Operating time (hours per year) Cost of any external control devices and start up
Operating hours at full power, at level 1 . .
. . o . Operating Power consumption at full power, at power level 1
(dimming) and level 2 (more dimming), all in .
costs and at power level 2 (in Watts)

hours/year

Note that the maintenance costs in the right
hand column may be able to be defined by the
procurer if they also manage the lighting
installation and have competent and qualified

staff.

Maintenance
costs

Light source replacement capital cost (SEK/piece)

Light source replacement labour cost (SEK/piece)

Light source replacement intervals (hours)

Electrical ballast / control driver replacement capital
cost (SEK/piece)

Electrical ballast / control driver replacement labour
cost (SEK/piece)

Electrical ballast /control driver replacement interval
(hours)

Luminaire lifespan (years)

Pole lifespan (years)

Inspection cost (SEK/piece)

Inspection interval (year)

Surveillance cost (SEK/piece)

Surveillance interval (year)
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It is recommended that any LCC study cover a period of at least 20 years, possibly
longer. Given the very low economic growth and inflation during the last 10 years in
Europe, it is recommended to use a low discount rate of 1-2%. With regards to possible
increases in electricity prices during the period of the LCC, Eurostat data was consulted
as shown below.
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Figure 34. Electricity price increases for non-household customers (left) and household customers (right). Source:
Eurostat.
The data in Figure 34 reveal that the average annual increase in electricity during the
period 2008-2017 was 2% for non-household rates and 2.5% for household rates. It
should be noted that non-household rates were considered as those customers
consuming 500-2000 MWh/year. For the purposes of road lighting, the non-household

rate of 0.12 EUR/kWh shall be used together with a presumed 2% annual increase in
electricity price.

Another aspect to consider is whether the luminaires should be cleaned periodically or
not. With traditional HID light sources, cleaning is typically carried out every 5 years, at
the same time as lamps needed to be replaced. However, with LED lamps it may be that
replacement only needs to occur every 10, 15 or 20 years. This raises the question of
whether or not cleaning, as a standalone maintenance operation, should be carried out.
For the purposes of these LCC calculations, it is assumed that needs for cleaning are
greatly reduced by the use of 0.0% upward light output luminaires and so cleaning
interventions are not considered.
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Example scenario 1: New installation (HPS versus LED over 30 years).

The following example assumes a new installation and compares the LCC of using light
sources that are either: HPS, cheaper LED (LED-1) or more expensive LED (LED-2). A
total of seven different options were included: 1 for HPS (no dimming), 3 for lower
quality LED (3 dimming scenarios) and 3 for higher quality LED (3 dimming scenarios).
When considering dimming scenarios, 1 level dimming was when 50% of the time, light
output was dimmed to 50% and 2 level dimming was when 25% of the time, light output
was dimmed to 50% and 25% of the time, light output was dimmed to 10%. An
electricity cost of €0.12/kWh was assumed as well as an annual increase in electricity
cost of 2% and a discount rate of 1%. The installation operates for 4000 h/yr. The other
main input cost elements were as described below.

Table 19. Input costs and assumptions for the 7 different scenarios new installation costing over a 30 year period

Option1 | Option 2 Option 3 Option 4 Option 5 Option 6 Option 7

HPS LED-1 LED-1 LED-1 LED- LED-2 LED-2
no no 1 level 2 level 2 no 1 level 2 level
dimming | dimming | dimming dimming dimming dimming dimming
No. luminaires 500 units 500 units 500 units 500 units 500 units 500 units 500 units
Price per luminaire* €280 €500 €500 €500 €800 €800 €800
le:lci’:;re cost  per €89 €89 €89 €89 €89 €89 €89

No. poles  and

. 500 units 500 units 500 units 500 units 500 units 500 units 500 units
foundations

Price per pole and

X €3240 €3240 €3240 €3240 €3240 €3240 €3240
foundation

Labour cost per pole

X €1215 €1215 €1215 €1215 €1215 €1215 €1215
and foundation

Cost of external
control €0 €0 €0 €0 €0 €0 €0
device/system

Luminaire power

consumption (50% 150 W 100 W 100 W 100 W 80 W 80w 80 W
of time)

Reduced power

level 1 (25% of time) 150 W 100 W 50 W 50 W 80W 40 W 40 W
Reduced power

level 2 (25% of time) 150 W 100 W 50w 10W 80 W 0w 8w
Light source €9 €200 €200 €200 €300 €300 €300
replacement price

Light source

replacement labour €89 €89 €89 €89 €89 €89 €89
cost

Light source

replacement 20000 h 50000 h 50000 h 50000 h 100000 h 100000 h 100000 h
interval

Ballast/driver €160 €160 €160 €160 €160 €160 €160
replacement price

Ballast/driver

replacement labour €89 €89 €89 €89 €89 €89 €89
cost

Ballast/driver

replacement 80000 h 50000 h 50000 h 50000 h 100000 h 100000 h 100000 h
interval

Luminaire lifespan 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs
Pole lifespan 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs

*includes light source and ballast/control drivers

The output of the LCC is illustrated below in Figure 35.
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Figure 35. Graphical presentation of LCC results for the 7 options described in Table 19.

The data presented in Figure 35 show some very interesting conclusions. Due to the fact that the installation is new, investment costs
dominate the overall LCC for all options. Even though investment costs are slightly cheaper for the HPS Iluminaires and that significant
maintenance cost reductions were possible due to the low cost of HPS light sources, this was not sufficient to compensate for the need to
change these light sources more frequently and the fact that LED-1 and LED-2 offer power consumption reductions of 33% and 47%.

Comparing HPS, LED-1 and LED-2 for the no dimming scenarios (i.e. options 1, 2 and 5), the following conclusions can be drawn:
e The investment costs increased by €110,000 going from HPS - LED-1 and by a further €150,000 going from LED-1 - LED-2.
e The energy costs decreased by €410,000 going from HPS - LED-1 and by a further €165,000 going from LED-1 > LED-2.

e The maintenance costs increased by €140,000 going from HPS - LED-1 but then decreased by €225,000 going from LED-1 >
LED-2. In this case, the longer lifetime (100,000h) of the LED-2 light source more than compensated for its higher replacement
cost compared to the other light sources.

The effect of dimming (i.e. comparing options 2, 3 and 4 or comparing options 5, 6 and 7) had clear and directly proportional benefits on
the fraction of LCC relating to energy costs. Dimming by 50% for 50% of the time (i.e. curfew) reduced energy costs by 25%. Going
further (i.e. dimming to 50% for 25% of the time and to 10% for 25% of the time) resulted in energy cost reductions of 35%. It is
extremely important to highlight that equally significant savings can also be achieved simply by procuring more energy efficient
luminaires in the first place in order to achieve a given light level or even more simple, by considering if a lower light level would be
acceptable in the first place even during peak hours.
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Example scenario 2: Existing installation (HPS replacement versus LED
luminaire retrofit over a period of 10, 20 or 30years).

A much more common scenario in Europe will be where an existing lighting installation
needs to be refurbished. The public authority will basically have two choices: (i) simply
replace the HPS lamps with new HPS lamps or (ii) retrofit the existing poles with LED
luminaires. The main issues with the second option are that it has a significantly higher
capital outlay and that not all LED luminaires are equal. Consequently, the aim of this
analysis is explore the effect of different types of LED luminaire (that get progressively
more expensive, but more durable and more energy efficient at the same time) and also
the effect of the choice of life cycle period. The input data used is given below (again the
electricity cost was €0.12/kWh, the electricity annual price increase was 2% and the
discount rate was 1%).

Table 20. Input costs and assumptions for the 5 different scenarios for an existing installation over a 10, 20 or 30 year

period
Current Retrofit LED-1 | Retrofit LED-1 | Retrofit LED-2 | Retrofit LED-3
facility no dimming | With dimming | With dimming | With dimming

No. luminaires 500 units 500 units 500 units 500 units 500 units
Price per luminaire €9%* €500 €500 €750 €1000
Labour cost per luminaire €89 €89 €89 €89 €89
No. poles and foundations 500 units 500 units 500 units 500 units 500 units
Price . per pole and 0 €0 €0 €0 €0
foundation
Labour .cost per pole and 0 0 0 €0 €0
foundation
CosF of external control 0 €0 €0 €0 €0
device/system
Luminaire power 150 W 100 W 100 W 80W 65 W
consumption (50% of time)

0,
Reduced power level 1 (25% 150 W 100 W 50W 40W 325W
of time)

0,
Reduced power level 2 (25% 150 W 100 W 50 W a0W 325W
of time)
nght source replacement € €200 €200 €350 €500
price
Light source replacement

€89 €89 €89 €89 €89

labour cost
Light  source  replacement 20000 h 50000 h 50000 h 100000 h 100000 h
interval
Ba.llast/drlver replacement €160 €160 €160 €200 €250
price
Ballast/driver  replacement €39 €39 €39 €39 €39
labour cost
Ballast/driver  replacement
. 80000 h 50000 h 50000 h 100000 h 100000 h
interval
Luminaire lifespan 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs
Pole lifespan 30 yrs 30 yrs 30 yrs 30 yrs 30 yrs
*includes light source and ballast/control drivers
**to account for 1% replacement of HPS lamp instead of retrofitting
***dimming was assumed to be to 50% of normal lighting during 50% of the operational hours (i.e. curfew)
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Figure 36. Comparison of LCC for different retrofitting options and periods

The data presented in Figure 36 are particularly interesting because they highlight the
importance of the period that the LCC covers on the final result. When assessing costs
over 10 years only, simple replacement of HPS lamps was the most economical option
despite the fact that energy costs were double or triple those or some other options.
There is a real possibility that public authorities will choose to wait until the LED road
lighting market matures (and costs decrease even further) before deciding on massive
refurbishment programmes. Another major influence on such decisions will be whether
or not government subsidies or other financial incentives are available for LED-
retrofitting.

When looking at the LCC over 30 years, simple relamping was the least economical
option although it must be added that the key benefits for LED-retrofitting was the
ability to dim light output.

When looking over a period of 20 year, simple relamping was the 3™ most economical
option, only being beaten by the cheaper LED options where dimming was carried out.
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