




















































































































































































































































































































































































































Figure 19.2:
EU-21 sales by product
category in 2012

Source: EHPA, 2013.
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19.3 Market and industry status and
potential

The main factors that have been identified as
having a significant influence in the European
heat pump market are the price of primary energy
sources®, the building and construction market,
and the implementation of policies.

The EU market®® is dominated by air/air and air/
water units, followed by geothermal units mainly
used for heating (see Figure 19.2). The choice of
energy source largely depends on national and
regional factors. While in countries with warm
climates there is a higher use of reversible air/
air units, colder climates demand a more stable
source temperature, which implies a larger share
of ground-coupled units. Overall, the air-source
segment, including reversible heat pumps and
exhaust air heat pumps, remains the largest. In
recent years, the share of sanitary hot water
(SHW) has greatly increased and it currently rep-
resents 9% of the total market (EPHA, 2013).
This technology is particularly associated with
the building renovation sector and the use of hot
water heat pumps with fossil fuel boilers and in
combination with PV systems.

The total value of the heat pump market volume
in 2011 exceeded EUR 6 174 million. France,
Italy and Sweden are the three countries with
the highest volume of sales (EHPA, 2012). It is
foreseen that in the future there will be a sig-
nificant contribution in overall market volumes
and relative growth of Belgium, the Netherlands,
Poland and the UK.

% Recent factors such as the decrease of gas price, the
ratio of electricity/oil and the pellet price have resulted
in higher operating cost for heat pumps.

80 Based on EU-21 values (IEA, 2013).
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However, the market evolution of some
European countries such as Austria, Sweden and
Switzerland, in which heat pump technologies
have been deployed for a longer time, is indicat-
ing the reach of maturity.

Heat pump sales in households in the period from
2005 to 2010 showed a considerable market pen-
etration in the Scandinavian countries, followed by
Austria, Estonia, Italy and Switzerland. The market
for multi-family residences and services is currently
under development with a lower market penetration
(around 10%). The rest of the European countries
have lower market penetration values, which indi-
cates potential for further exploitation.

In particular, new growth opportunities for heat
pumps exist in the renovation sector, and their
potential remains stable in both the commer-
cial and industrial sectors. The SHW segment
in both residential and commercial applications
is the one showing the highest growth over the
last years. In terms of energy source, the trend
towards aero-thermal energy is pronounced in
most markets and accounts for most of the
market growth. These solutions are proving to
be ideal in combination with small gas boilers®!
in hybrid applications.

81 The reduction in gas prices has thus brought the
operating costs of gas boilers closer to those of heat
pumps.
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vin recent years, the European heat pump mar-
ket has undergone major changes with a clear
trend towards the creation of medium- and
large-sized enterprises® capable of offering
global solutions for the heating and cooling
sector. It should also be noted that tradition-
al air conditioning manufacturers, including
Japanese and Korean suppliers, have expanded
into the combined heat and cooling sector.

19.4 Barriers to large-scale deployment

Apart from the price ratio of electricity to con-
ventional fossil fuels, major barriers prevent-
ing a widespread deployment of heat pumps
include insufficient recognition of benefits and
high investment costs, especially for ground-
source installations. Stakeholders and consum-
ers need to have a better understanding of the
technology involved and how it could effectively
contribute to achieving GHG emission reductions
in the heating and cooling sector.

In addition to international standards for heat
pump efficiency and labelling, the sector has also
identified the following key factors to achieve
large-scale deployment: government support and
specific regulations in which the use of heat pumps
is encouraged. The implementation of financial
incentives and subsidies would contribute to the
promotion of heat pumps as a feasible technol-
ogy to achieve the EU’s 2020 and 2050 targets.

It should also be pointed out that a large-scale
deployment is also affected by common factors
to other emerging technologies, such as uncer-
tainties in the markets and the long-term nature
of investments in the energy sector.

62 The main corporations delivering heat pump solutions
are BDR Thermia, Bosch Thermotechnik, CIAT, Clivet,
Daikin Europe, Danfoss, Glen Dimplex, Mitsubishi
Electric, Nibe Industrie, Stiebel Eltron, Vaillant Group
and Viessmann.
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On the whole, and in order to achieve the full
potential of heat pump technology, investments in
infrastructure, supportive business initiatives and
the furthering of societal environment awareness
are still needed.

19.5 RD&D priorities and current initiatives

Despite the fact that heat pump technology is
mature and well established, challenges still
remain in order to enhance overall performance
and operation. The use of alternative materials
will help to reduce the cost of equipment and
components (JRC, 2012a; IEA, 2007).

The main areas in which further R&D effort is
needed include the optimisation of operational
plans, control systems, and the design of load
management strategies and installing protocols.
Optimal integration of heat pumps with alterna-
tive heat and cooling technologies (in particu-
lar, conventional boilers and solar technology)
constitutes one of the main challenges in order
to achieve large-scale deployment in the near
future. Integrated solutions will have a relevant
role in increasing the use of renewable and low-
carbon technology in building renovation applica-
tions. Small heat pumps with low investment and
installation costs could either supply most of the
annual heating demand being supported only by
existing boilers at low ambient temperatures or
cover peaks in demand.

Another area in which further R&D is needed
involves the performance of heat pumps in cold
and/or warm climates. The efficiency and heating
capacity of ASHP units decrease considerable in
cold climates. In warm environments, the use of
geothermal energy could be promoted by the use
of reversible heat pumps capable of supplying
both heat and cool. In general, reversible systems
need to increase the efficiency and flexibility of
the cooling generation.

135

Figure 19.3:
Units of heat pump sold in
2011 and 2012

Source: EHPA, 2012, 2013.
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Additionally, the selection of refrigerants capa-
ble of maximising performance while minimis-
ing GWP also constitutes a challenging area
that will benefit from additional R&D activities.
It should be noted that no single refrigerant exists
that can be used with the same economic and
environmental efficiency across all application
requirements. There is considerable effort put into
the analysis and efficient use of natural refriger-
ants (CO,, ammonia and hydrocarbons) and into
the development of new synthetic refrigerants.
Both development pathways have their disad-
vantages: the use of natural refrigerants comes
at the cost of reduced efficiency, flammability or
toxicity, while new synthetic refrigerants are not
yet completely understood with regard to safety
and their impact on the environment.

Heat pump technology will also benefit from
improvements and research in cross-cutting
technology, including cost reduction in drilling
processes for geothermal units and reduction
of energy loss in pipe technology.
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20. Energy efficiency and CO, emissions reduction in industry

20.1 The cement industry
20.1.1 Introduction

Cement is a binder, a substance that sets and
hardens independently, and can bind other mate-
rials together; its most important use is in the
production of concrete. Concrete is the most
used man-made material in the world; almost
3 tonnes of concrete are produced in the world
per person — twice as much as all the other
materials together, including wood, steel, plastics
and aluminium.

Energy needs accounts for an important share of
the variable cost of cement production (around
4009%). This energy requirement is split between
process heat and electrical energy, the latter
accounting for around 209% of cement energy
needs (Capros et al., 2008).

Most of the CO, emissions and energy use of the
cement industry are related to the production
of the clinker. The main component of cement,
clinker is obtained throughout the calcination of
limestone. Of the CO, emissions emitted dur-
ing the fabrication of cement, 62 9% come from
the calcination process, while the rest (38 %) is
produced during the combustion of fossil fuels
to feed the calcination process (EIPPCB, 2013).
The CO, emissions from the cement industry in
Europe peaked in 2007 at 173.6 Mt CO, (Ecofys,
2009), whereas in 2008, CO, emissions came
back to 2005 values (157.4 Mt CO, in 2005
and 157.8 Mt CO, in 2008 (Ecofys, 2008).
The European CO, emissions in 2011 (around
124.7 Mt CO,) (WBCSD/CSI, 2013) are a direct
consequence of the sharp decrease in cement
production.

20.1.2 Technological state of the art and
anticipated developments

Four processes are currently available to produce
the clinker: wet, semi-wet, semi-dry and dry. The
main steps in the production of cement are:

- preparing/grinding the raw materials;

- producing an intermediary clinker;
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- grinding and blending clinker with other prod-
ucts to make cement.

The heat consumption of a typical dry pro-
cess is currently 3.38 GJ/t clinker (WBCSD/CSI,
2009). Where 1.76 GJ/t clinker is the minimum
energy consumption for the thermo dynamical
process, about 0.2-1.0 GJ/t clinker is required
for raw material drying (based on a moisture
content of 3-159%), and the rest are thermal
losses (WBCSD/CSI - ECRA, 2009). This amount
(3.38 GJ/t clinker) is a little more than half of
the energy consumption of the wet process
(6.34 GJ/t clinker (WBCSD/CSI, 2009). According
to the BREF®® (EIPPCB, 2013), the best available
value (best available techniques (BAT)) for the
production of clinker ranges between 2.9 and
3.3 GJ/t (under optimal conditions). It is noted
that these values have been revised recently
as in the first version of the BREF document a
consumption of 3.0 GJ/t clinker was proposed
(based on a dry process kiln with multi-stage
pre-heating and pre-calcination). This broaden-
ing of the energy consumption range for clinker
production is due to the recognition that there
is a realistic difference between short-term and
annual average values of 160 to 320 MJ/t clinker,
depending on kiln operation and reliability (e.g.
number of kiln stops) (Bauer and Hoenig, 2009).
The average heat consumption of the EU indus-
try was 3.74 GJ/t clinker in 2010 (WBCSD/CSI,
2013). The average thermal energy value in 2030
can be expected to decrease to a level of 3.3 to
3.4 GJ/t of clinker; this value can be higher if other
measures to improve overall energy efficiency
are pursued (cogeneration of electric power may
need additional waste heat) (WBCSD/CSI, 2013).
The percentage of the dry process use in the
EU cement industry production has risen from
78% in 1997 to 90% in 2007 (EIPPCB, 2013;
CEMBUREAU, 1999); in the rest of the world this

85 BREFs are the main reference documents on best
available techniques. They are prepared by the
European Integrated Pollution Prevention and
Control Bureau (EIPPCB) and are used by competent
authorities in Member States when issuing operating
permits for the installations that represent a
significant pollution potential in Europe.
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Figure 20.1:

Typical mass balance
for the manufacture
of 1 kg of cement with
a clinker to cement
ratio of 0.75 (source:
EIPPCB, 2013), and main

processes involved in the

manufacturing
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process is gaining progressively ground but not
at the same pace. The general trend is towards
a progressive phasing out of wet process facili-
ties; nevertheless, individual cases will provide
remarkable exceptions to this trend (Grydgaard,
1998; Kapphahn and Burkhard, 2009).

The current European average of electrical con-
sumption is 117 kWh/t cement (WBCSD/CSI,
2013), most of it (around 809%) consumed for
grinding processes. The main users of electricity
are the mills (grinding of raw materials, solid fuels
and final grinding of the cement) that account
for more than 60 % of the electrical consumption
(WBCSD/CSI - ECRA, 2009) and the exhaust fans
(kiln/raw mills and cement mills), which together
with the mills account for more than 809% of
electrical energy usage (CEMBUREAU, 2006).
However, the energy efficiency of grinding is typi-
cally only 5 to 10% (Taylor et al,, 2006). From
1990 to 2010, the global weighted average of
electrical consumption of the participants in the
project ‘Getting the numbers right’ (GNR) (WBCSD/
CSI,2013) has increased from 114 kWh/t cement
to 117 kWh/t cement; without the adoption of
CCS technologies, the electrical consumption in
2030 can decrease to a level of about 105 kWh/t
cement in 2030. The uptake of CCS technology

by the cement industry would mean a significant
increase of power consumption (WBCSD/CSI -
ECRA, 2009).

As a mature industry, no breakthrough technolo-
gies in cement manufacture are foreseen that
can significantly reduce thermal energy consump-
tion. Alternative technologies are currently being
researched, such as the fluidised bed technology;
however, although improvements can be expect-
ed, it is not foreseen that such technologies will
cover the segment of big kiln capacities (WBCSD/
CSI - ECRA, 2009). On the other hand, CCS has
been identified as a prominent option to reduce
CO, emissions from cement production in the
medium term. Currently, the main evolution of
the sector to improve its energy and environ-
mental performance is towards higher uses of
clinker substitutes in the cement, higher use of
alternative fuels such as waste and biomass, and
the deployment of more energy efficiency meas-
ures. A significant number of energy efficiency
measures are currently being proposed; however,
their deployment is quite site-specific, rendering it
difficult to assess the gains that can be expected.
It is noted that many thermal energy reducing
measures can increase the power consumption
(WBCSD/CSI - ECRA, 2009).

Mass balance for 1kg cement

Dry process; five stage preheater;

precalciner; grate cooler; vertical raw mill

Fuel: 100% petroleum coke

Clinker factor: 0.75

Air moister: 1%

Raw material factor: 1.52 kg/kg clinker; moister: 5%

C0,672 g (421 g CO, from raw

Kiln feed: 1.66 kg/kg clinker

KHeat consumption: 3300 kJ/kg clinker
Petcoke NCV: 3500 kJ/kg fuel
Clinker/cement factor: 0.8

material 251 g CO,
from burning)

g 0,389 ¢
]
o N, 1975 g
E H,0132g
w
Air
1214 g raw material “ . %
—_— 1o
79 g per coke ! m Burning 800g - 1000 g
- clinker ; cement
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————— N —
71 gH,0 (1) _.w..._ (Cement mill)
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I Gypsum Air
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raw mill water Fly ash
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20.1.3 Market and industry status and
potential

The EU-27 cement industry production in 2006
(267.5 Mt) represented 10.5% of the total
world production; the weight of the European
cement industry in 2011 decreased to a 5.6%
of world production (195.5 Mt) (EIPPCB, 2013;
CEMBUREAU, 2013). The overall EU consumption
per capita in the future can be expected to remain
around 450 kg (Gielen, 2008) in spite of the fact
that there will be differences among countries.
Assuming such average would lead to cement
production in Europe of around 234 Mt by 2030.

The EU-27 thermal energy consumption
for cement production in 2007 was 0.76 EJ
(18.1 Mtoe). The alternative fuels consumption
increased from 3% of the heat consumption
in 1990 to almost 18% in 2006 (CEMBUREAU,
2009); if the current trends remain similar, the
substitution rate could reach 499% in 2030 with
a saving of 0.30 EJ (7.3 Mtoe) in 2030.

The main focus of CO, emissions reduction as
currently pursued is a decrease in the proportion
of clinker in the cement (clinker to cement ratio)
as the process emissions in the manufacture of
the clinker — coming from the calcination of
the raw material are governed by chemistry —
526 gCO,/kg of clinker (EIPPCB, 2013). From 1990
to 2011, this ratio has decreased from 0.81 to 0.74
(WBCSD/CSI, 2013); if this trend is sustained, this
ratio would reach around 0.70 in 2030.

The use of alternative fuels avoids the emis-
sion in the disposal of the waste treated by the
cement industry as fuels, and at the same time
saves fossil fuels. The amount of CO, emissions
savings from the use of alternative fuels would
be 23.5 Mt CO, in 2030 if current trends in
fuels substitution were held. This is an indirect
saving of CO,; if the cement industry had not

0.66

used some wastes as alternative fuels then
they would have produced that amount of CO,
in their disposal elsewhere.

Taking into account all these trends, Pardo (2011)
estimates that between 2006 and 2030 the cost-
effective implementation of remaining techno-
logical innovation can reduce the thermal energy
consumption by 10% (see Figure 20.2) and CO,
emissions by 49%. The value for the specific
thermal energy consumption in 2030 (around
3 350 MJ/t clinker) is in line with the expected
value in 2030 (3 400 MJ/t clinker) used in the
IEA cement technology roadmap (Tam and van
der Meer, 2009).

Itis noted that the deployment of CCS could sig-
nificantly reduce the CO, emissions of the sector;
however, a wide deployment of this technology in
the cement industry is not foreseen before 2020.

Assuming no CCS deployment, the specific elec-
tricity demand of cement production can decrease
from 110 kWh/t cement in 2006 to 105 kWh/t
cement in 2030 (WBCSD/CSI — ECRA, 2009).

The number of people employed in the sector in
the EU-27 was about 54 000 in 2005 (EIPPCB,
2013). The average price of cement in Europe
varies broadly between countries. Despite a his-
torical tendency to produce and consume cement
locally, this is a product with a relatively low price,
around EUR 70/t on average in the EU, compared
to its transport prices (transport costs are around
EUR 10/t of cement per 100 km by road and
around EUR 15/t of cement per 100 km to cross
the Mediterranean Sea) (Hourcade et al.,, 2007).

Three out of the world’s five largest cement pro-
ducers are sited in the EU-27: HeidelbergCement
(Germany), Lafarge (France) and ltalcementi
(Italy), and the other two big ones are Cemex
(Mexico) and Holcim (Switzerland) (EIPPCB, 2013).
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Figure 20.2:
Evolution of the
total thermal energy

consumption modelled,
precluding the retrofitting
of existing facilities (upper
area), and allowing cost-

effective retrofits
(lower area)

Source: Pardo, 2011.
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This means that the European cement indus-
try has a truly global presence enjoying a mar-
ket share of 95% in Europe and 70% in North
America (IEA, 2008). In addition to the production
of cement, these companies have also diversified
in other sectors of building materials.

20.1.4 Barriers to large-scale deployment

The industry has pointed out the risks of carbon
leakage under the terms of the former EU ETS
(Directive 2003/87/EC). The revised Directive
(Directive 2009/29/EC) provides for 100% of
allowances allocated free of charge, at the
level of the benchmark to the sectors exposed.
The sectors exposed were determined by the
European Commission in December 2009 (EC,
2009); the cement industry is among them. The
benchmarking values, proposed by the European
Commission, were adopted in April 2011 (EC,
2011a). The European Commission has launched
the Sustainable Industry Low Carbon (SILC) initia-
tive (SILC, 2011) to help the industry to achieve
specific GHG emission intensity reductions in
order to maintain its competitiveness. On a larger
scale, the Sustainable Process Industry through
Resource and Energy Efficiency (SPIRE) partner-
ship (SPIRE, 2013) is a major cross-sectoral part-
nership planning to channel EUR 1.4 billion in
private sector research spending to resource and
energy efficiency in Europe’s process industries.

One of the main barriers to the deployment of
energy efficiency measures and CO, mitigation
technologies in the cement industry in Europe
is related to energy prices. High energy price
favours investment in energy efficiency and CO,
emissions abatement; however, at the same time,
higher energy prices may lead towards more and
more imports from non-EU countries to the detri-
ment of European production. There are energy
efficiency improvements that the EU industry is
currently not following, due to, among other fac-
tors, low energy prices. For example, concerning
heat waste recovery, by 2009 there were 120
cement plants equipped with cogeneration sys-
tems with a total capacity of 730 MW (Rainer,
2009), whereas nowadays the number of EU-27
plants recovering waste heat is very limited.

The market penetration of cements with a
decreasing clinker to cement ratio will depend
on six factors:

- availability of raw materials,

- properties of those cements,

- price of clinker substitutes,

- intended application,

140

- national standards,
- market acceptance (WBCSD/CSI - ECRA, 2009).

It is noted that cement that can be fit for purpose
in one country can often not be placed in some
other countries due to differences in national
application documents of the European concrete
standard (Damtoft and Herfort, 2009). Therefore,
a way to encourage the use of these cements
would be the promotion of standard harmonisa-
tion at the EU level.

20.1.5 RD&D priorities and current
initiatives

The main needs of the cement industry can be
summarised as follows:

- promotion of current state-of-the-art
technologies;

- encourage and facilitate an increased use of
alternative fuels;

- facilitate and encourage clinker substitution;
- facilitate the development of CCS;

- ensure predictable, objective and stable CO,
constraints and an energy framework on an
international level;

- enhance R&D of capabilities, skills, expertise
and innovation;

- encourage international collaboration and
public-private partnerships (Tam and van der
Meer, 2009).

Among the conclusions of the cement roadmap of
the IEA (Tam and van der Meer, 2009) is that the
options available today (BAT, alternative fuels and
clinker substitutes) are not sufficient to achieve
ameaningful reduction of CO, emissions; hence,
there is a need for new technologies, CCS and
new types of cements. To achieve this goal a
step increase in RDD&D is required.

The cement industry shows great potential for
the use of CCS as CO, emissions are concen-
trated in few locations and at the same time the
concentration of CO, in their flue gas is twice the
concentration found in coal-fired plants (about
14-33% compared to 12-149%) (IPCC, 2005).
The relevance of the application of CCS to indus-
trial processes is also underlined in the Low-
Carbon Economy Roadmap 2050 (EC, 2011b)
as well as in the Energy Roadmap 2050 (EC,
2011c). Nonetheless, the deployment of CCS
technologies currently being considered (oxy-
combustion and post-combustion) can double
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the price of the cement; therefore, along with
significant research and demonstration efforts,
the application of CCS technologies will demand
the development of a stable economic frame-
work able to compensate for the increased costs
(WBCSD/CSI - ECRA, 2009).
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20.2 The iron and steel industry
20.2.1 Introduction

The GHG emissions from the iron and steel
industry during the period 2005-2008 on aver-
age amounted to 252.5 Mt CO,-eq. (Ecofys,
2009), while the value estimated (250.6 Mt
CO,-eq.) for 2010 using EEA (2012) hardly
changed. In Europe, about 80 % of CO, emis-
sions related to the integrated route originates
from waste gases. These waste gases are
used substantially within the same industry
to produce about 80 % of its electricity needs
(EUROFER, 2009).

Part of the steep decrease in energy consump-
tion in the European industry in the last 40
years (by about 50%) has been due to the
increase of the recycling route at the expense
of the integrated route (the share has increased
from 209% in the 1970s to around 40 % today).
However, a prospective shift to recycling is con-
fined by scrap availability and its quality.

In Europe, the number of people directly
employed in the sector was about 360 000
people in 2013 (EUROFER, 2013a). Steel is a
direct supplier for and part of a value chain
representing the best of European industry,
and contributing annually revenues in excess
of EUR 3 000 billion and employing 23 million
people (ESTEP, 2009).

20.2.2 Technological state of the art and
anticipated developments

There are two main routes to produce steel.
The first route is called the integrated route,
which is based on the production of iron from
iron ore. The second route, called recycling
route, uses scrap iron as the main iron-bearing
raw material in electric arc furnaces. In both
cases, the energy consumption is related to
fuel (mainly coal and coke) and electricity. The
recycling route has much lower energy con-
sumption (by about 80 %).

The integrated route relies on the use of coke
ovens, sinter plants, blast furnaces (BFs) and
basic oxygen furnace (BOF) converters. Current
energy consumption for the integrated route
is estimated to lie between 17 and 23 GJ/t of
hot-rolled product (SET-Plan Workshop, 2010).
The lower value is considered by the European
sector as a good reference value for an inte-
grated plant. A value of 21 GJ/t is considered
as an average value throughout the EU-27
(SET-Plan Workshop, 2010). It is noted that
a fraction of this energy consumption may
be committed to downstream processes. The
fuels applied are fully exploited, first for their
chemical reaction potential (during which they
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are converted into process gases) and then for
their energy potentials by capturing, cleaning
and combusting these process gases within
production processes and for the generation of
heat and electricity. It is an important charac-
teristic of this ‘cascadic fuel use’ that increased
energy efficiencies in the use of the process
gases do not reduce the overall energy con-
sumption, related to the use of primary fuels
for the chemical reactions.

The recycling route converts scrap iron in electri-
cal arc furnaces. Current energy consumption for
this route is estimated to lie between 3.5 and
4.5 GJ/t of hot-rolled product (SET-Plan Workshop,
2010). The lower value corresponds to a ‘good
reference’ plant. The higher value corresponds
to today’s average value within the EU-27. In
Figure 20.3, the integrated route and the recycling
route are at the left hand side and right hand side
of the continuous casting, respectively.

Alternative product routes to the two main
routes are provided by direct-reduced iron
technology (which produces substitutes for
scrap) or smelting reduction (which, like the BF,
produces hot metal). The advantage of these
technologies compared to the integrated route
is that they do not need raw material beneficia-
tion, such as coke making and sintering, and
that they can better adjust to low-grade raw
materials. On the other hand, more primary
fuels are needed, especially natural gas for
direct-reduced iron technology and coal for
smelting reduction. In the latter, 20-25 % sav-
ings in CO, emissions (De Beer, 1998) can be
achieved if the additional coal is transformed
into process gases that are captured and used
to produce heat and electricity for exports to
the respective markets for heat and electricity.
So far, and for this reason, the expansion of
these technologies occurs in developing coun-
tries with weak energy supply infrastructures
or countries with low fuel resources. In 2006,
this represented about 6.8 % of worldwide pro-
duction (EIPPCB, 2013). The European produc-
tion of direct-reduced iron technology is limited
to one facility in Germany, and none of the
eight facilities of smelting reduction operating
in the world are sited in the EU-27. The pos-
sible gap for direct-reduced iron technology
could come in the EU-27 if increased capacity
of hot metal is required (EIPPCB, 2013) and if
the necessary, additional primary fuel demands
could be satisfied at low cost. The opportunity
for smelting reduction is harder to assess due
to the lack of detailed information available
today, but it should be governed by the same
boundary conditions.
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20.2.3 Market and industry status and
potential

The production of crude steel in the EU in
2011 was 177.2 Mt, representing 11.7 % of
the total world production (1 514.1 Mt of
crude steel) (Worldsteel Association, 2012).
Ten years earlier, with a slightly higher pro-
duction (187.2 Mt of crude steel), the share
of the same European countries was 22.0%.
The main difference is that the Chinese pro-
duction has grown more than four-fold over
this period (from 151.5 Mt to 684.6 Mt of
crude steel) (Worldsteel Association, 2012).
In these 10 years, the European consumption
of finished-steel products fell from 159 Mt to
152 Mt (Worldsteel Association, 2012). In 2009,
with the financial crisis, the production level
in Europe dropped by 30% compared to the
previous 3 years. Partial recovery of production
has been achieved in the first half of 2010, but
subsequent falls makes pre-crises output levels
hardly achievable before 2020.

The growth of the EU-27 iron and steel pro-
duction can be estimated to be 0.7 % per year
up to 2050 (BCG, 2013). This would imply a
production of around 206 Mt and 236 Mt of
crude steel in 2030 and 2050, respectively. The
increase in the production is estimated to be
covered mainly by an increase in the recycling
route. The production from the integrated route
will stay around current values.

Today, around 30 9% of steel is traded interna-
tionally and over 50% is produced in develop-
ing countries (Worldsteel Association, 2012).
The world steel industry has an overcapacity
of 542 Mt (out of a global expected capacity
by 2014 of 2 172 Mt) (EC, 2013). Chinese over-
capacity (200 Mt) is similar to total EU pro-
duction capacity of 217 Mt, and the European
overcapacity amounts to around 40 Mt (EC,
2013). The world’s largest producer in 2011
was a European company (ArcelorMittal).
The production of the 12* world producer
(Tata Steel) includes the production of for-
mer Corus, the 3 largest European producer
(ThyssenKrupp) was ranked 16% in the 2011
world production, and the 4t and 5% largest
producer (Riva and Techint) were ranked 21¢
and 36, respectively.

To achieve the potential identified in the 2011
Technology Map for wind power generation
(SETIS, 2011), the annual consumption of
steel in the wind industry by 2020, 2030 and
2050 could amount to 3.2, 4.5 and 4.2 Mt,
respectively. These annual amounts of steel
would be needed to achieve 220 GW of wind
energy in 2020 (185 GW onshore and 35 GW
offshore), 350 GW in 2030 (230 GW onshore
and 120 GW offshore), and 500 GW by 2050
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Figure 20.3:

Overview of the steel-
making process and
variety of products
manufactured

Source: Worldsteel
Association, 2011b.
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Continuous casting

Overview of the Steelmaking Process

Electric Arc Furnace Steelmaking

(275 GW onshore and 225 GW offshore)®.
These figures include the additional installa-
tions from repowering old wind farms, which
may start to pick up from 2020 onshore and
from 2030 offshore.

In thermal power plants, the development of
new steel grades will increase temperature and
pressure and will contribute to the improvement
of energy efficiency (a realistic medium-term
target is the development of types of steels able
to operate at pressures and temperatures up to
325 bar and 650 °C, respectively). In advanced
supercritical plants with steam conditions up to
600 °C and 300 bar it should be possible to reach
net efficiencies between 46 and 49 9%, whereas
plants with steam conditions of 600 °C and
250 bar have efficiencies in the range 40-45%
(SETIS, 2011). Older PC plants, with sub-critical
steam parameters, operate with efficiencies

5 The turbine data used to obtain these estimates is
based on an analysis of the mass of existing and
projected offshore and onshore wind turbines, and
on expected technology evolution. Iron and steel use
considered include unalloyed and highly alloyed steel,
cast iron and others, used in the steel tower (93 % iron
and steel), top-head (67 % iron and steel), and onshore
and gravity foundations (5% steel). Account has been
taken of market share of the different tower types
(859% steel, 15% concrete) and offshore foundations
(70% monopile and 10% each jacket, tripod/tripile
and concrete). Assumptions had been made on the
possible evolution of the weight versus capacity
relationship according to technological evolution,
to 2015/2020/2030/2050, in turbines, towers and
foundations. The turbine sizes assumed are of 3 MW for
onshore and 6 MW for offshore by 2020, 4 MW/8 MW
by 2030 and 5 MW/12 MW by 2050.
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between 32 and 40%. Each percentage point
efficiency increase is equivalent to about 2.5%
reduction in tonnes of CO, emitted (SETIS, 2011).
Therefore, major retrofitting of old sub-critical
power plants with supercritical steam cycles or
retiring old plants and their replacement with
new plants is essential to minimise CO, emis-
sions in the power sector. Further developments
of nickel-based alloys may allow steam with
temperatures up to 700 °C (ESTEP-SRA, 2005).

In gas transportation, the development of very-
high-strength steels will contribute to safe and
efficient transportation of natural gas, H, and
CO, (CCS technologies). Histarically, since 1996,
a fundamental effort of the EU focused on
smoothing out the workings of the internal ener-
gy market was the Trans-European Networks for
Energy (EC, 2010a). In recent years, the EEPR
has allocated almost EUR 4 billion to leverage
private funding in gas and electricity structure. A
good example of the active role of the European
Commission in support of this kind of project is
the Baltic Energy Market Interconnection Plan
(BEMIP) (EC, 2010b) or the Southern Corridor
(including Nabucco (EC, 2008)).

The development of new grades (lightweight
alloys) for the automotive industry can decrease
steel consumption (energy consumption) and at
the same time improve the efficiency of the final
products; lighter cars will be more efficient. If
the body structures of all cars produced world-
wide were made of advanced high-strength
steel instead of conventional steel, 156 Mt CO,-
eq. would be avoided (Worldsteel Association,
2011a). The savings that are typically achieved
today correspond to a total vehicle weight reduc-
tion of 9%. For every 109% reduction in vehicle
weight fuel, its economy is improved between
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1.9 and 8.2% (Worldsteel Association, 2011a).
When applied to a typical 5-seated passenger
family car, the overall weight of the vehicle is
reduced by 117 kg and the savings produced dur-
ing the whole lifetime of the vehicle is 2.2 tCO_-
eq. (Geyer, 2006).

20.2.4 Barriers to large-scale deployment

Increases in the recycling rate beyond 60 % will
be stifled by the availability of scrap. Such high
recycling values could increase the impurities
and reduce the overall steel quality. Recycling
has high emissions of heavy metals and organic
pollutants due to the impurities of scrap (ETC/
RWM, 2005). These issues will become a more
pressing issue to be solved urgently.

According to the industry (EUROFER, 2013b), for
the reduction of CO, emissions with the conven-
tional integrated route (BF and BOF), the thermo-
chemical efficiency of current BFs is very close
to the optimum. CO, emissions are linked to the
chemical reaction for the reduction of iron ore.
No significant advance to decrease CO, emis-
sions is possible without the development of
breakthrough technologies, as proposed by the
Ultra-Low CO, Steelmaking (ULCOS) project.

The main lever of energy savings for steel produc-
tion is led by further increases in the recycling
rate. For the integrated route, the BFs and BOFs
of existing good reference plants are very close
to the optimum, so there are very few possi-
bilities of additional energy savings in this area.
The best performers are at 17 GJ/t of hot-rolled
product when the average is at around 21 GJ/t of
hot-rolled product. Not all the European opera-
tors are best-in-class and thus more potential
to save energy is available by bringing them up
to the level of the best performers: dissemina-
tion of best practices and BATs identified in the
BREF documents for the iron and steel industries
(EIPPCB, 2013). In addition, there is some room
for improvement for the best performers and
others, especially for the downstream processes,
with a better energetic valourisation of process
gases in excess, wastes and by-products. Thus,
recovery of waste heat (including mean and low
levels of temperatures), improving the valourisa-
tion of process gases, use of renewable energies,
ICT integrated approach for plants’ energy man-
agement, and recovery of wastes and residues
are some of the topics where the industry needs
support for research, pilots and demonstrators.

The industry has pointed out the risks of carbon
leakage under the terms of the former EU ETS
(Directive 2003/87/EC). According to Worldsteel’s
figures (Worldsteel Association, 2012), trade
within the EU-27 in 2011 amounted to 108 Mt of
crude steel, with 35.9 Mt imported from outside
the EU-27 and 38 Mt exported to other non-EU-27
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countries. Excluding the intra-EU-27 trade, the
EU is ranked first as world importer and third as
world exporter. The revised Directive (Directive
2009/29/EC) provides for 100% of allowances
allocated free of charge, at the level of the bench-
mark to the sectors exposed. The sectors exposed
were determined by the European Commission
in December 2009 (EC, 2009); the iron and steel
industry is among them. The benchmarking val-
ues, proposed by the European Commission, were
adopted in April 2011 (Decision, 2011).

Other social challenges to the industry come
from the increasing average age structure of its
workforce: more than 20 9% will retire from 2005
to 2015 and close to 309% during the following
10 years. Therefore, the industry has the chal-
lenge of attracting, educating and securing more
qualified people (ESTEP/SRA, 2005).

20.2.5 RD&D priorities and current
initiatives

During the period 2005-2008, direct emissions
from the integrated route were on average
2.3 tCO,/t of rolled products and 0.21 tCO,/t of
rolled products for the recycling route (Ecofys,
2009). Taking into account the indirect emis-
sions from electricity production in the case of
the recycling route, around 452 kgCO,/t of rolled
products® should be added to the 210 kgCO,/t
of rolled products reported. The resulting amount
remains well below the reference values emitted
for the integrated route (on average 2 300 kgCO,/t
of rolled products). Exploiting the advantages of
the recycling route (an order of magnitude lower of
direct CO, emissions than the integrate route) will
demand an outstanding end-of-life management
to make sure that all steel contained in scrap can
be recycled in an effective way.

The data collected for the purposes of the imple-
mentation of the revised Emissions Trading
Directive indicate a potential for reductions of
direct CO, by applying best practice to the extent
of 10% of the current absolute and direct emis-
sion of the parts of the sector covered by the
revised Emissions Trading Directive (roughly
equivalent to 27 Mt of CO, per year). However,
this potential relies strongly on a substitution
of local raw materials with increased imports
of best performance raw materials from out-
side the EU (especially ores and coal). In order
to maintain the competitiveness of the energy-
intensive industries, the European Commission
has launched the SILC initiative (SILC, 2013) to

55 This value has been obtained using an average emission
factor for electricity of 0.465 tCO/MWh (Capros, 2008)
for the overall EU electrical production and the 3.5 GJ/t
needed as a good reference value for the production of
the recycling route (SET-Plan Workshop, 2010).
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help the industry achieve specific GHG emission
intensity reductions.

An early market roll-out after 2020 of the first
technology considered in the ULCOS project (sup-
ported by the EU) could further reduce the CO,
emissions. The ULCOS project is the flagship pro-
ject of the industry to obtain a decrease of over
509% of CO, emissions in the long term. The first
phase of ULCOS had a budget of EUR 75 million.
As a result of this first phase, four main processes
have been earmarked for further development.

- Top gas recycling BF is based on the sep-
aration of the off-gases so that the useful
components can be recycled back into the
furnace and used as a reducing agent and in
the injection of oxygen instead of pre-heated
air to ease the CCS. The implementation of the
top-gas recycling BF with CCS could cost about
EUR 590 million for an industrial demonstrator
producing 1.2 Mt hot metal per year (SET-Plan
Workshop, 2010).

- The Hlsarna technology combines pre-heating
of coal and partial pyrolysis in a reactor, a
melting cyclone for ore melting, and a smelter
vessel for final ore reduction and iron produc-
tion. The market roll-out is foreseen for 2030.
Combined with CCS, the potential reduction of
CO, emissions of this process is 70-80% (SET-
Plan Workshop, 2010). A pilot plant (8 t/h, with-
out CCS) was commissioned during 2011 in
ljmuiden, the Netherlands (EECRsteel, 2011a).

- The ULCORED (advanced direct reduction with
CCS) direct-reduced iron is produced from the
direct reduction of iron ore by a reducing gas
produced from natural gas. The reduced iron
is in solid state and will need an electric arc
furnace for melting the iron. An experimental
pilot plant is being planned in Sweden, with
market roll-out foreseen for 2030. The poten-
tial reduction of CO, emissions of this process
is 70-80%.

* ULCOWIN and ULCOSYS are electrolysis pro-
cesses to be tested on a laboratory scale. There
is a clear need to support this research effort
with a high share of public funds, and to lead
the global framework market towards condi-
tions that ease the prospective deployment of
these breakthrough technologies.

It is important to note that, compared to the
conventional BF, the first two breakthroughs
ULCOS-BF and Hlsarna would result in a reduc-
tion of CO, emissions of 50-80% and at the
same time a reduction of energy consumption
by 10-15%. One important synergy in the quest
to curb prospective CO, emissions through the
ULCOS project is the share of innovation initia-
tives within the power sector or with any other
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(energy-intensive) manufacturing industries that
could launch initiatives in the field of CCS (e.g.
cement industry) (ZEP, 2010; ESTEP, 2009).

Under the assumptions of a recent study by JRC
(2012), it would only be after 2030, when new
technologies may become available, that there
could be a reduction of around 10% in energy
consumption and of 20% in total direct CO, emis-
sions. A follow-up study (Moya, 2013) indicates
that by varying the investment decision criterion,
and also considering an advanced market roll-
out of new technologies, the reduction in energy
consumption and CO, emissions reachable would
amount to 189% and 65 %, respectively. A critical
area is therefore a successful demonstration
of breakthrough technologies for CO, emission
abatement, including industrial CCS.

One of the instruments that will support the
implementation of the SET-Plan is the NER300
established in Article 10(a)8 of the revised
Directive. This instrument will provide the mon-
etary value of 300 million emission allowances
to co-finance CCS and innovative renewable dem-
onstration projects. No CCS project was awarded
under the first call for proposals of the NER300
funding programme (EC, 2012a). The EUR 275
million envisaged for CCS projects in the first
call remains available to fund projects under the
second phase of the programme. Also, the EU has
maintained its research activities in the iron and
steel industry through the FP7 and the Research
Fund for coal and steel (EC, 2012b), and, on a
smaller scale, the SILC scheme of the European
Commission aims to help sectors to achieve spe-
cific reductions in GHG emission intensity in order
to maintain their competitiveness. Moreover, the
steel industry together with other process indus-
tries submitted, under Horizon 2020, a proposal
for a new public-private partnership called SPIRE
with an annual budget of about EUR 20-25 mil-
lion for the steel part.

In order to design a long-term policy strategy, the
European Commission has recently published an
Action Plan for the steel sector (EC, 2013) whose
aim is to identify ways to preserve and enhance
the competitiveness of the steel sector.
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20.3  The pulp and paper industry
20.3.1 Introduction

Pulp and paper is an energy-intensive indus-
try. On average, energy costs are 169% of their
production costs (EIPPCB, 2013) and in some
cases they reach up to 30%. This industry is the
largest user and producer of renewable energy
(around 50% of its primary energy consumption
comes from biomass) (EIPPCB, 2013). At the
same time, in 2008, the bioenergy consumption in
the European pulp and paper industry represented
more than 16% of the bioenergy consumed in
Europe (AEBIOM, 2010; Alankas, 2010). In the
quest for energy efficiency measures, the industry
has invested heavily in CHP. In 2010, its electric-
ity production from CHP was 50% (CEPI, 2012)
of their electrical consumption. Also, half of the
paper produced comes from recycled fibre. This
evolution has led to direct absolute CO, emissions
decreasing by 6.9%, from 1990 to 2010, whereas
the pulp and paper production has increased by
309% and 46 9%, respectively (CEPI, 2012). The
CO, emissions from the sector in 2010, around
37 Mt, represented around 2 % of the emissions
under the EU ETS.

In 2010, in Europe, the sector had a total turnover
of EUR 76.4 billion, employing some 225 000
people directly (CEPI, 2012). Many mills operate
in rural areas, making them particularly relevant
to regional employment — 60 9% of employment
in the European pulp and paper industry is located
in rural areas.

20.3.2 Technological state of the art and
anticipated developments

There are two main routes to produce different
types of pulp: from virgin wood or from recy-
cled material. The pulp produced in either way is
subsequently processed into a variety of paper
products. For virgin pulp making, two main kinds
of processes are used: chemical and mechanical
pulp making. Virgin pulp can be produced along-
side paper, on the same site. In Europe, about
189 of all mills are integrated mills producing
both virgin pulp and paper (Ecofys, 2009).

Recycled fibres are the starting point for the
recycling route. Europe has one of the highest
recovery and utilisation rates of fibres in the
world (68.7 % in 2008°%) (CEPI, 2012). Except
for a small number of deinked market pulp mills,
pulp production from recycled fibres is always
integrated alongside paper production.

86 Recycling rate: ‘Utilization of paper for recycling + net
trade of paper for recycling’, compared to paper and
board consumption (CEPI, 2012).
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