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19.3	
M

arket and industry status and 
potential 

The m
ain factors that have been identified as 

having a significant influence in the European 
heat pum

p m
arket are the price of prim

ary energy 
sources

59, the building and construction m
arket, 

and the im
plem

entation of policies.

The EU
 m

arket 60 is dom
inated by air/air and air/

w
ater units, follow

ed by geotherm
al units m

ainly 
used for heating (see Figure 19.2). The choice of 
energy source largely depends on national and 
regional factors. W

hile in countries w
ith w

arm
 

clim
ates there is a higher use of reversible air/

air units, colder clim
ates dem

and a m
ore stable 

source tem
perature, w

hich im
plies a larger share 

of ground-coupled units. O
verall, the air-source 

segm
ent, including reversible heat pum

ps and 
exhaust air heat pum

ps, rem
ains the largest. In 

recent years, the share of sanitary hot w
ater 

(SHW
) has greatly increased and it currently rep-

resents 9 %
 of the total m

arket (EPH
A, 2013). 

This technology is particularly associated w
ith 

the building renovation sector and the use of hot 
w

ater heat pum
ps w

ith fossil fuel boilers and in 
com

bination w
ith PV system

s.

The total value of the heat pum
p m

arket volum
e 

in 2011 exceeded EU
R 6 174 m

illion. France, 
Italy and Sw

eden are the three countries w
ith 

the highest volum
e of sales (EH

PA, 2012). It is 
foreseen that in the future there w

ill be a sig-
nificant contribution in overall m

arket volum
es 

and relative grow
th of Belgium

, the N
etherlands, 

Poland and the U
K.

59	
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 pum
ps.

60	
Based on EU

-21 values (IEA, 2013).

H
ow

ever, 
the 

m
arket 

evolution 
of 

som
e 

European countries such as Austria, Sw
eden and 

Sw
itzerland, in w

hich heat pum
p technologies 

have been deployed for a longer tim
e, is indicat-

ing the reach of m
aturity.

Heat pum
p sales in households in the period from

 
2005 to 2010 show

ed a considerable m
arket pen-

etration in the Scandinavian countries, follow
ed by 

Austria, Estonia, Italy and Sw
itzerland. The m

arket 
for m

ulti-fam
ily residences and services is currently 

under developm
ent w

ith a low
er m

arket penetration 
(around 10 %

). The rest of the European countries 
have low

er m
arket penetration values, w

hich indi-
cates potential for further exploitation.

In particular, new
 grow

th opportunities for heat 
pum

ps exist in the renovation sector, and their 
potential rem

ains stable in both the com
m

er-
cial and industrial sectors. The SH

W
 segm

ent 
in both residential and com

m
ercial applications 

is the one show
ing the highest grow

th over the 
last years. In term

s of energy source, the trend 
tow

ards aero-therm
al energy is pronounced in 

m
ost m

arkets and accounts for m
ost of the 

m
arket grow

th. These solutions are proving to 
be ideal in com

bination w
ith sm

all gas boilers
61 

in hybrid applications.

61	
The reduction in gas prices has thus brought the 

operating costs of gas boilers closer to those of heat 

pum
ps.

Figure 19.2: 
EU

-21 sales by product 
category in 2012

Source: EH
PA, 2013.
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vIn recent years, the European heat pum
p m

ar-
ket has undergone m

ajor changes w
ith a clear 

trend tow
ards the creation of m

edium
- and 

large-sized enterprises
62 capable of off

ering 
global solutions for the heating and cooling 
sector. It should also be noted that tradition-
al air conditioning m

anufacturers, including 
Japanese and Korean suppliers, have expanded 
into the com

bined heat and cooling sector.

19.4	
Barriers to large-scale deploym

ent

Apart from
 the price ratio of electricity to con-

ventional fossil fuels, m
ajor barriers prevent-

ing a w
idespread deploym

ent of heat pum
ps 

include insuffi
cient recognition of benefits and 

high investm
ent costs, especially for ground-

source installations. Stakeholders and consum
-

ers need to have a better understanding of the 
technology involved and how

 it could eff
ectively 

contribute to achieving G
H

G
 em

ission reductions 
in the heating and cooling sector.

In addition to international standards for heat 
pum

p effi
ciency and labelling, the sector has also 

identified the follow
ing key factors to achieve 

large-scale deploym
ent: governm

ent support and 
specific regulations in w

hich the use of heat pum
ps 

is encouraged. The im
plem

entation of financial 
incentives and subsidies w

ould contribute to the 
prom

otion of heat pum
ps as a feasible technol-

ogy to achieve the EU
’s 2020 and 2050 targets.

It should also be pointed out that a large-scale 
deploym

ent is also aff
ected by com

m
on factors 

to other em
erging technologies, such as uncer-

tainties in the m
arkets and the long-term

 nature 
of investm

ents in the energy sector.

62	
The m

ain corporations delivering heat pum
p solutions 

are BD
R Therm

ia, Bosch Therm
otechnik, CIAT, Clivet, 

D
aikin Europe, D

anfoss, G
len D

im
plex, M

itsubishi 

Electric, N
ibe Industrie, Stiebel Eltron, Vaillant G

roup 

and Viessm
ann.

O
n the w

hole, and in order to achieve the full 
potential of heat pum

p technology, investm
ents in 

infrastructure, supportive business initiatives and 
the furthering of societal environm

ent aw
areness 

are still needed.

19.5	
RD

&
D

 priorities and current initiatives

D
espite the fact that heat pum

p technology is 
m

ature and w
ell established, challenges still 

rem
ain in order to enhance overall perform

ance 
and operation. The use of alternative m

aterials 
w

ill help to reduce the cost of equipm
ent and 

com
ponents (JRC, 2012a; IEA, 2007).

The m
ain areas in w

hich further R&
D

 eff
ort is 

needed include the optim
isation of operational 

plans, control system
s, and the design of load 

m
anagem

ent strategies and installing protocols. 
O

ptim
al integration of heat pum

ps w
ith alterna-

tive heat and cooling technologies (in particu-
lar, conventional boilers and solar technology) 
constitutes one of the m

ain challenges in order 
to achieve large-scale deploym

ent in the near 
future. Integrated solutions w

ill have a relevant 
role in increasing the use of renew

able and low
-

carbon technology in building renovation applica-
tions. Sm

all heat pum
ps w

ith low
 investm

ent and 
installation costs could either supply m

ost of the 
annual heating dem

and being supported only by 
existing boilers at low

 am
bient tem

peratures or 
cover peaks in dem

and.

Another area in w
hich further R&

D
 is needed 

involves the perform
ance of heat pum

ps in cold 
and/or w

arm
 clim

ates. The effi
ciency and heating 

capacity of ASH
P units decrease considerable in 

cold clim
ates. In w

arm
 environm

ents, the use of 
geotherm

al energy could be prom
oted by the use 

of reversible heat pum
ps capable of supplying 

both heat and cool. In general, reversible system
s 

need to increase the effi
ciency and flexibility of 

the cooling generation.

Figure 19.3:
U

nits of heat pum
p sold in 

2011 and 2012

Source: EH
PA, 2012, 2013.
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Additionally, the selection of refrigerants capa-
ble of m

axim
ising perform

ance w
hile m

inim
is-

ing G
W

P also constitutes a challenging area 
that w

ill benefit from
 additional R&

D
 activities. 

It should be noted that no single refrigerant exists 
that can be used w

ith the sam
e econom

ic and 
environm

ental effi
ciency across all application 

requirem
ents. There is considerable effort put into 

the analysis and effi
cient use of natural refriger-

ants (CO
2 , am

m
onia and hydrocarbons) and into 

the developm
ent of new

 synthetic refrigerants. 
Both developm

ent pathw
ays have their disad-

vantages: the use of natural refrigerants com
es 

at the cost of reduced effi
ciency, flam

m
ability or 

toxicity, w
hile new

 synthetic refrigerants are not 
yet com

pletely understood w
ith regard to safety 

and their im
pact on the environm

ent.

H
eat pum

p technology w
ill also benefit from

 
im

provem
ents and research in cross-cutting 

technology, including cost reduction in drilling 
processes for geotherm

al units and reduction 
of energy loss in pipe technology.

19.6	
References

European Environm
ental Agency (EEA) (http://

w
w

w
.eea.europa.eu/) accessed 7 January 2014.

European Heat Pum
p Association (EHPA), O

utlook 
2012 - European H

eat Pum
ps Statistics, 2012.

European Heat Pum
p Association (EHPA), Personal 

com
m

unication, 2013.

European Technology Platform
 on Renew

able 
H

eating and Cooling (RH
C), 2020-2030-2050 

Com
m

on vision for the Renew
able H

eating and 
Cooling Sector in Europe, 2011.

European Technology Platform
 on Renew

able 
H

eating and Cooling (RH
C), Strategic research 

and innovation agenda for renew
able heating 

and cooling, 2013.

European U
nion (EU

), Energy M
arkets in the 

European U
nion in 2011, 2012.

International Energy Agency (IEA), Renew
ables for 

H
eating and Cooling (U

ntapped potential), 2007.

International Energy Agency (IEA), Transition 
to 

Sustainable 
buildings. 

Strategies 
and 

O
pportunities to 2050, 2013.

IEA H
PP Annex 32, -Econom

ical H
eating and 

Cooling System
s for Low

 Energy H
ouses, State-

of-the-Art Report, SIN
TEF, 2007.

Institutt for Energiteknikk (IFE), N
orsk deltagelse 

i IEA H
eat Pum

p Program
m

e Annex 34 – slut-
trapport, 2013.

Intergovernm
ental Panel on Clim

ate Change 
(IPCC), Renew

able Energy Sources and Clim
ate 

Change M
itigation, Special report, 2012.

International Renew
able Energy Agency (IREN

A), 
H

eat pum
ps.Technology (brief), 2013.

Joint Research Centre (JRC), Best available 
technologies for the heat and cooling m

arket 
in the European U

nion, JRC Scientific and Policy 
Reports, 2012a.

Joint Research Centre (JRC), H
eat and Cooling 

D
em

and and M
arket Perspective, JRC Scientific 

and Policy Reports, 2012b.

N
ational Renew

able Energy Laboratory (N
REL) 

(http://w
w

w
.nrel.gov/) accessed 7 January 2014.

Pardo, N
., Vatopoulos, K., Krook Riekkola, A., Perez, 

A., ‘M
ethodology to Estim

ate the Energy Flow
s of 

the European U
nion Heating and Cooling M

arket’, 
Energy, Vol. 52, N

o 1, 2012, pp. 339-352.

Ross, C., Air Source H
eat Pum

p Installation. 
Perform

ance Review
, U

niversity of Strathclyde, 
2008.

U
.S. Environm

ental Protection Agency (EPA) 
(http://w

w
w

.epa.gov) accessed 7 January 2014.

JRC
13_TM

A
P_08A

P14_P5-N
S-Print.indd   136

09/04/2014   16:21:52



137

20. Energy effi
ciency and CO

2  em
issions reduction in industry

20.1	
The cem

ent industry

20.1.1	
Introduction

Cem
ent is a binder, a substance that sets and 

hardens independently, and can bind other m
ate-

rials together; its m
ost im

portant use is in the 
production of concrete. Concrete is the m

ost 
used m

an-m
ade m

aterial in the w
orld; alm

ost 
3 tonnes of concrete are produced in the w

orld 
per person —

 tw
ice as m

uch as all the other 
m

aterials together, including w
ood, steel, plastics 

and alum
inium

.

Energy needs accounts for an im
portant share of 

the variable cost of cem
ent production (around 

40 %
). This energy requirem

ent is split betw
een 

process heat and electrical energy, the latter 
accounting for around 20 %

 of cem
ent energy 

needs (Capros et al., 2008).

M
ost of the CO

2  em
issions and energy use of the 

cem
ent industry are related to the production 

of the clinker. The m
ain com

ponent of cem
ent, 

clinker is obtained throughout the calcination of 
lim

estone. O
f the CO

2  em
issions em

itted dur-
ing the fabrication of cem

ent, 62 %
 com

e from
 

the calcination process, w
hile the rest (38 %

) is 
produced during the com

bustion of fossil fuels 
to feed the calcination process (EIPPCB, 2013). 
The CO

2  em
issions from

 the cem
ent industry in 

Europe peaked in 2007 at 173.6 M
t CO

2  (Ecofys, 
2009), w

hereas in 2008, CO
2  em

issions cam
e 

back to 2005 values (157.4 M
t CO

2  in 2005 
and 157.8 M

t CO
2  in 2008 (Ecofys, 2008). 

The European CO
2  em

issions in 2011 (around 
124.7 M

t CO
2 ) (W

BCSD
/CSI, 2013) are a direct 

consequence of the sharp decrease in cem
ent 

production.

20.1.2	
Technological state of the art and 
anticipated developm

ents

Four processes are currently available to produce 
the clinker: w

et, sem
i-w

et, sem
i-dry and dry. The 

m
ain steps in the production of cem

ent are:

•	
preparing/grinding the raw

 m
aterials;

•	
producing an interm

ediary clinker;

•	
grinding and blending clinker w

ith other prod-
ucts to m

ake cem
ent.

The heat consum
ption of a typical dry pro-

cess is currently 3.38 G
J/t clinker (W

BCSD
/CSI, 

2009). W
here 1.76 G

J/t clinker is the m
inim

um
 

energy consum
ption for the therm

o dynam
ical 

process, about 0.2–1.0 G
J/t clinker is required 

for raw
 m

aterial drying (based on a m
oisture 

content of 3–15 %
), and the rest are therm

al 
losses (W

BCSD
/CSI – ECRA, 2009). This am

ount 
(3.38 G

J/t clinker) is a little m
ore than half of 

the energy consum
ption of the w

et process 
(6.34 G

J/t clinker (W
BCSD

/CSI, 2009). According 
to the BREF

63 (EIPPCB, 2013), the best available 
value (best available techniques (BAT)) for the 
production of clinker ranges betw

een 2.9 and 
3.3 G

J/t (under optim
al conditions). It is noted 

that these values have been revised recently 
as in the first version of the BREF docum

ent a 
consum

ption of 3.0 G
J/t clinker w

as proposed 
(based on a dry process kiln w

ith m
ulti-stage 

pre-heating and pre-calcination). This broaden-
ing of the energy consum

ption range for clinker 
production is due to the recognition that there 
is a realistic diff

erence betw
een short-term

 and 
annual average values of 160 to 320 M

J/t clinker, 
depending on kiln operation and reliability (e.g. 
num

ber of kiln stops) (Bauer and H
oenig, 2009). 

The average heat consum
ption of the EU

 indus-
try w

as 3.74 G
J/t clinker in 2010 (W

BCSD
/CSI, 

2013). The average therm
al 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 
m

easures to im
prove overall energy effi

ciency 
are pursued (cogeneration of electric pow

er m
ay 

need additional w
aste heat) (W

BCSD
/CSI, 2013). 

The percentage of the dry process use in the 
EU

 cem
ent industry production has risen from

 
78 %

 in 1997 to 90 %
 in 2007 (EIPPCB, 2013; 

CEM
BU

REAU
, 1999); in the rest of the w

orld this 

63	
BREFs are the m

ain reference docum
ents on best 

available techniques. They are prepared by the 

European Integrated Pollution Prevention and 

Control Bureau (EIPPCB) and are used by com
petent 

authorities in M
em

ber States w
hen issuing operating 

perm
its for the installations that represent a 

significant pollution potential in Europe. 
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process is gaining progressively ground but not 
at the sam

e pace. The general trend is tow
ards 

a progressive phasing out of w
et process facili-

ties; nevertheless, individual cases w
ill provide 

rem
arkable exceptions to this trend (G

rydgaard, 
1998; Kapphahn and Burkhard, 2009).

The current European average of electrical con-
sum

ption is 117 kW
h/t cem

ent (W
BCSD

/CSI, 
2013), m

ost of it (around 80 %
) consum

ed for 
grinding processes. The m

ain users of electricity 
are the m

ills (grinding of raw
 m

aterials, solid fuels 
and final grinding of the cem

ent) that account 
for m

ore than 60 %
 of the electrical consum

ption 
(W

BCSD
/CSI – ECRA, 2009) and the exhaust fans 

(kiln/raw
 m

ills and cem
ent m

ills), w
hich together 

w
ith the m

ills account for m
ore than 80 %

 of 
electrical energy usage (CEM

BU
REAU

, 2006). 
How

ever, the energy effi
ciency of grinding is typi-

cally only 5 to 10 %
 (Taylor et al., 2006). From

 
1990 to 2010, the global w

eighted average of 
electrical consum

ption of the participants in the 
project ‘Getting the num

bers right’ (GN
R) (W

BCSD
/

CSI, 2013) has increased from
 114 kW

h/t cem
ent 

to 117 kW
h/t cem

ent; w
ithout the adoption of 

CCS technologies, the electrical consum
ption in 

2030 can decrease to a level of about 105 kW
h/t 

cem
ent in 2030. The uptake of CCS technology 

by the cem
ent industry w

ould m
ean a significant 

increase of pow
er consum

ption (W
BCSD

/CSI – 
ECRA, 2009).

As a m
ature industry, no breakthrough technolo-

gies in cem
ent m

anufacture are foreseen that 
can significantly reduce therm

al energy consum
p-

tion. Alternative technologies are currently being 
researched, such as the fluidised bed technology; 
how

ever, although im
provem

ents can be expect-
ed, it is not foreseen that such technologies w

ill 
cover the segm

ent of big kiln capacities (W
BCSD

/
CSI – ECRA, 2009). O

n the other hand, CCS has 
been identified as a prom

inent option to reduce 
CO

2  em
issions from

 cem
ent production in the 

m
edium

 term
. Currently, the m

ain evolution of 
the sector to im

prove its energy and environ-
m

ental perform
ance is tow

ards higher uses of 
clinker substitutes in the cem

ent, higher use of 
alternative fuels such as w

aste and biom
ass, and 

the deploym
ent of m

ore energy effi
ciency m

eas-
ures. A significant num

ber of energy effi
ciency 

m
easures are currently being proposed; how

ever, 
their deploym

ent is quite site-specific, rendering it 
diffi

cult to assess the gains that can be expected. 
It is noted that m

any therm
al energy reducing 

m
easures can increase the pow

er consum
ption 

(W
BCSD

/CSI – ECRA, 2009).

Figure 20.1: 
Typical m

ass balance 
for the m

anufacture 
of 1 kg of cem

ent w
ith 

a clinker to cem
ent 

ratio of 0.75 (source: 
EIPPCB, 2013), and m

ain 
processes involved in the 

m
anufacturing

M
ass balance for 1kg cem

ent
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20.1.3	
M

arket and industry status and 
potential

The EU
-27 cem

ent industry production in 2006 
(267.5 M

t) represented 10.5 %
 of the total 

w
orld production; the w

eight of the European 
cem

ent industry in 2011 decreased to a 5.6 %
 

of w
orld production (195.5 M

t) (EIPPCB, 2013; 
CEM

BU
REAU

, 2013). The overall EU
 consum

ption 
per capita in the future can be expected to rem

ain 
around 450 kg (G

ielen, 2008) in spite of the fact 
that there w

ill be diff
erences am

ong countries. 
Assum

ing such average w
ould lead to cem

ent 
production in Europe of around 234 M

t by 2030.

The 
EU

-2
7

 
therm

al 
energy 

consum
ption 

for cem
ent production in 2007 w

as 0.76 EJ 
(18.1 M

toe). The alternative fuels consum
ption 

increased from
 3 %

 of the heat consum
ption 

in 1990 to alm
ost 18 %

 in 2006 (CEM
BU

REAU
, 

2009); if the current trends rem
ain sim

ilar, the 
substitution rate could reach 49 %

 in 2030 w
ith 

a saving of 0.30 EJ (7.3 M
toe) in 2030.

The m
ain focus of CO

2  em
issions reduction as 

currently pursued is a decrease in the proportion 
of clinker in the cem

ent (clinker to cem
ent ratio) 

as the process em
issions in the m

anufacture of 
the clinker —

 com
ing from

 the calcination of 
the raw

 m
aterial are governed by chem

istry —
 

526 gCO
2 /kg of clinker (EIPPCB, 2013). From

 1990 
to 2011, this ratio has decreased from

 0.81 to 0.74 
(W

BCSD
/CSI, 2013); if this trend is sustained, this 

ratio w
ould reach around 0.70 in 2030.

The use of alternative fuels avoids the em
is-

sion in the disposal of the w
aste treated by the 

cem
ent industry as fuels, and at the sam

e tim
e 

saves fossil fuels. The am
ount of CO

2 em
issions 

savings from
 the use of alternative fuels w

ould 
be 2

3
.5

 M
t CO

2
 in 2

0
3

0
 if current trends in 

fuels substitution w
ere held. This is an indirect 

saving of CO
2 ; if the cem

ent industry had not 

used som
e w

astes as alternative fuels then 
they w

ould have produced that am
ount of CO

2 

in their disposal elsew
here.

Taking into account all these trends, Pardo (2011) 
estim

ates that betw
een 2006 and 2030 the cost-

eff
ective im

plem
entation of rem

aining techno-
logical innovation can reduce the therm

al energy 
consum

ption by 10 %
 (see Figure 20.2) and CO

2  
em

issions by 4 %
. The value for the specific 

therm
al energy consum

ption in 2030 (around 
3 350 M

J/t clinker) is in line w
ith the expected 

value in 2030 (3 400 M
J/t clinker) used in the 

IEA cem
ent technology roadm

ap (Tam
 and van 

der M
eer, 2009).

It is noted that the deploym
ent of CCS could sig-

nificantly reduce the CO
2  em

issions of the sector; 
how

ever, a w
ide deploym

ent of this technology in 
the cem

ent industry is not foreseen before 2020. 

Assum
ing no CCS deploym

ent, the specific elec-
tricity dem

and of cem
ent production can decrease 

from
 110 kW

h/t cem
ent in 2006 to 105 kW

h/t 
cem

ent in 2030 (W
BCSD

/CSI – ECRA, 2009).

The num
ber of people em

ployed in the sector in 
the EU

-27 w
as about 54 000 in 2005 (EIPPCB, 

2013). The average price of cem
ent in Europe 

varies broadly betw
een countries. D

espite a his-
torical tendency to produce and consum

e cem
ent 

locally, this is a product w
ith a relatively low

 price, 
around EU

R 70/t on average in the EU
, com

pared 
to its transport prices (transport costs are around 
EU

R 10/t of cem
ent per 100 km

 by road and 
around EU

R 15/t of cem
ent per 100 km

 to cross 
the M

editerranean Sea) (H
ourcade et al., 2007).

Three out of the w
orld’s five largest cem

ent pro-
ducers are sited in the EU

-27: HeidelbergCem
ent 

(G
erm

any), Lafarge (France) and Italcem
enti 

(Italy), and the other tw
o big ones are Cem

ex 
(M

exico) and Holcim
 (Sw

itzerland) (EIPPCB, 2013). 

Figure 20.2:
Evolution of the 
total therm

al energy 
consum

ption m
odelled, 

precluding the retrofitting 
of existing facilities (upper 
area), and allow

ing cost-
effective retrofits
(low

er area)

Source: Pardo, 2011.
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This m
eans that the European cem

ent indus-
try has a truly global presence enjoying a m

ar-
ket share of 95 %

 in Europe and 70 %
 in N

orth 
Am

erica (IEA, 2008). In addition to the production 
of cem

ent, these com
panies have also diversified 

in other sectors of building m
aterials.

20.1.4	
Barriers to large-scale deploym

ent

The industry has pointed out the risks of carbon 
leakage under the term

s of the form
er EU

 ETS 
(D

irective 2003/87/EC). The revised D
irective 

(D
irective 2009/29/EC) provides for 100 %

 of 
allow

ances allocated free of charge, at the 
level of the benchm

ark to the sectors exposed. 
The sectors exposed w

ere determ
ined by the 

European Com
m

ission in D
ecem

ber 2009 (EC, 
2009); the cem

ent industry is am
ong them

. The 
benchm

arking values, proposed by the European 
Com

m
ission, w

ere adopted in April 2011 (EC, 
2011a). The European Com

m
ission has launched 

the Sustainable Industry Low
 Carbon (SILC) initia-

tive (SILC, 2011) to help the industry to achieve 
specific G

H
G

 em
ission intensity reductions in 

order to m
aintain its com

petitiveness. O
n a larger 

scale, the Sustainable Process Industry through 
Resource and Energy Effi

ciency (SPIRE) partner-
ship (SPIRE, 2013) is a m

ajor cross-sectoral part-
nership planning to channel EU

R 1.4 billion in 
private sector research spending to resource and 
energy effi

ciency in Europe’s process industries.

O
ne of the m

ain barriers to the deploym
ent of 

energy effi
ciency m

easures and CO
2  m

itigation 
technologies in the cem

ent industry in Europe 
is related to energy prices. H

igh energy price 
favours investm

ent in energy effi
ciency and CO

2 

em
issions abatem

ent; how
ever, at the sam

e tim
e, 

higher energy prices m
ay lead tow

ards m
ore and 

m
ore im

ports from
 non-EU

 countries to the detri-
m

ent of European production. There are energy 
effi

ciency im
provem

ents that the EU
 industry is 

currently not follow
ing, due to, am

ong other fac-
tors, low

 energy prices. For exam
ple, concerning 

heat w
aste recovery, by 2009 there w

ere 120 
cem

ent plants equipped w
ith cogeneration sys-

tem
s w

ith a total capacity of 730 M
W

 (Rainer, 
2009), w

hereas now
adays the num

ber of EU
-27 

plants recovering w
aste heat is very lim

ited.

The m
arket penetration of cem

ents w
ith a 

decreasing clinker to cem
ent ratio w

ill depend 
on six factors:

•	
availability of raw

 m
aterials,

•	
properties of those cem

ents,

•	
price of clinker substitutes,

•	
intended application,

•	
national standards,

•	
m

arket acceptance (W
BCSD

/CSI – ECRA, 2009).

It is noted that cem
ent that can be fit for purpose 

in one country can often not be placed in som
e 

other countries due to diff
erences in national 

application docum
ents of the European concrete 

standard (D
am

toft and Herfort, 2009). Therefore, 
a w

ay to encourage the use of these cem
ents 

w
ould be the prom

otion of standard harm
onisa-

tion at the EU
 level.

20.1.5	
RD

&
D

 priorities and current 
initiatives

The m
ain needs of the cem

ent industry can be 
sum

m
arised as follow

s:

•	
prom

otion 
of 

current 
state-of-the-art 

technologies;

•	
encourage and facilitate an increased use of 
alternative fuels;

•	
facilitate and encourage clinker substitution;

•	
facilitate the developm

ent of CCS;

•	
ensure predictable, objective and stable CO

2  
constraints and an energy fram

ew
ork on an 

international level;

•	
enhance R&

D
 of capabilities, skills, expertise 

and innovation;

•	
encourage international collaboration and 
public-private partnerships (Tam

 and van der 
M

eer, 2009).

Am
ong the conclusions of the cem

ent roadm
ap of 

the IEA (Tam
 and van der M

eer, 2009) is that the 
options available today (BAT, alternative fuels and 
clinker substitutes) are not suffi

cient to achieve 
a m

eaningful reduction of CO
2  em

issions; hence, 
there is a need for new

 technologies, CCS and 
new

 types of cem
ents. To achieve this goal a 

step increase in RD
D

&
D

 is required.

The cem
ent industry show

s great potential for 
the use of CCS as CO

2  em
issions are concen-

trated in few
 locations and at the sam

e tim
e the 

concentration of CO
2 in their flue gas is tw

ice the 
concentration found in coal-fired plants (about 
14–33 %

 com
pared to 12–14 %

) (IPCC, 2005). 
The relevance of the application of CCS to indus-
trial processes is also underlined in the Low

-
Carbon Econom

y Roadm
ap 2050 (EC, 2011b) 

as w
ell as in the Energy Roadm

ap 2050 (EC, 
2011c). N

onetheless, the deploym
ent of CCS 

technologies currently being considered (oxy-
com

bustion and post-com
bustion) can double 
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the price of the cem
ent; therefore, along w

ith 
significant research and dem

onstration eff
orts, 

the application of CCS technologies w
ill dem

and 
the developm

ent of a stable econom
ic fram

e-
w

ork able to com
pensate for the increased costs 

(W
BCSD

/CSI – ECRA, 2009).
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20.2	
The iron and steel industry

20.2.1	
Introduction

The G
H

G
 em

issions from
 the iron and steel 

industry during the period 2005–2008 on aver-
age am

ounted to 252.5 M
t CO

2 -eq. (Ecofys, 
2009), w

hile the value estim
ated (250.6 M

t 
CO

2 -eq.) for 2
0

1
0

 using EEA
 (2

0
1

2
) hardly 

changed. In Europe, about 80 %
 of CO

2  em
is-

sions related to the integrated route originates 
from

 w
aste gases. These w

aste gases are 
used substantially w

ithin the sam
e industry 

to produce about 80 %
 of its electricity needs 

(EU
RO

FER, 2009).

Part of the steep decrease in energy consum
p-

tion in the European industry in the last 40 
years (by about 5

0
 %

) has been due to the 
increase of the recycling route at the expense 
of the integrated route (the share has increased 
from

 20 %
 in the 1970s to around 40 %

 today). 
H

ow
ever, a prospective shift

 to recycling is con-
fined by scrap availability and its quality.

In Europe, the num
ber of people directly 

em
ployed in the sector w

as about 360 000 
people in 2013 (EU

RO
FER, 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 EU

R 3 000 billion and em
ploying 23 m

illion 
people (ESTEP, 2009).

20.2.2	
Technological state of the art and 
anticipated developm

ents

There are tw
o m

ain routes to produce steel. 
The first route is called the integrated route, 
w

hich is based on the production of iron from
 

iron ore. The second route, called recycling 
route, uses scrap iron as the m

ain iron-bearing 
raw

 m
aterial in electric arc furnaces. In both 

cases, the energy consum
ption is related to 

fuel (m
ainly coal and coke) and electricity. The 

recycling route has m
uch low

er energy con-
sum

ption (by about 80 %
).

The integrated route relies on the use of coke 
ovens, sinter plants, blast furnaces (BFs) and 
basic oxygen furnace (BO

F) converters. Current 
energy consum

ption for the integrated route 
is estim

ated to lie betw
een 17 and 23 G

J/t of 
hot-rolled product (SET-Plan W

orkshop, 2010). 
The low

er value is considered by the European 
sector as a good reference value for an inte-
grated plant. A value of 21 G

J/t is considered 
as an average value throughout the EU

-2
7 

(SET-Plan W
orkshop, 2

0
1

0
). It is noted that 

a fraction of this energy consum
ption m

ay 
be com

m
itted to dow

nstream
 processes. The 

fuels applied are fully exploited, first for their 
chem

ical reaction potential (during w
hich they 
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are converted into process gases) and then for 
their energy potentials by capturing, cleaning 
and com

busting these process gases w
ithin 

production processes and for the generation of 
heat and electricity. It is an im

portant charac-
teristic of this ‘cascadic fuel use’ that increased 
energy effi

ciencies in the use of the process 
gases do not reduce the overall energy con-
sum

ption, related to the use of prim
ary fuels 

for the chem
ical reactions.

The recycling route converts scrap iron in electri-
cal arc furnaces. Current energy consum

ption for 
this route is estim

ated to lie betw
een 3.5 and 

4.5 GJ/t of hot-rolled product (SET-Plan W
orkshop, 

2010). The low
er value corresponds to a ‘good 

reference’ plant. The higher value corresponds 
to today’s average value w

ithin 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 tw
o m

ain 
routes are provided by direct-reduced iron 
technology (w

hich produces substitutes for 
scrap) or sm

elting reduction (w
hich, like the BF, 

produces hot m
etal). The advantage of these 

technologies com
pared to the integrated route 

is that they do not need raw
 m

aterial beneficia-
tion, such as coke m

aking and sintering, and 
that they can better adjust to low

-grade raw
 

m
aterials. O

n the other hand, m
ore prim

ary 
fuels are needed, especially natural gas for 
direct-reduced iron technology and coal for 
sm

elting reduction. In the latter, 20–25 %
 sav-

ings in CO
2  em

issions (D
e Beer, 1998) can be 

achieved if the additional coal is transform
ed 

into process gases that are captured and used 
to produce heat and electricity for exports to 
the respective m

arkets for heat and electricity. 
So far, and for this reason, the expansion of 
these technologies occurs in developing coun-
tries w

ith w
eak energy supply infrastructures 

or countries w
ith low

 fuel resources. In 2006, 
this represented about 6.8 %

 of w
orldw

ide pro-
duction (EIPPCB, 2013). The European produc-
tion of direct-reduced iron technology is lim

ited 
to one facility in G

erm
any, and none of the 

eight facilities of sm
elting reduction operating 

in the w
orld are sited in the EU

-27. The pos-
sible gap for direct-reduced iron technology 
could com

e in the EU
-27 if increased capacity 

of hot m
etal is required (EIPPCB, 2013) and if 

the necessary, additional prim
ary fuel dem

ands 
could be satisfied at low

 cost. The opportunity 
for sm

elting reduction is harder to assess due 
to the lack of detailed inform

ation available 
today, but it should be governed by the sam

e 
boundary conditions.

20.2.3	M
arket and industry status and 

potential

The production of crude steel in the EU
 in 

2011 w
as 17

7.2 M
t, representing 11

.7 %
 of 

the total w
orld production (1

 514
.1

 M
t of 

crude steel) (W
orldsteel A

ssociation, 2012). 
Ten years earlier, w

ith a slightly higher pro-
duction (187.2 M

t of crude steel), the share 
of the sam

e European countries w
as 22.0 %

. 
The m

ain diff
erence is that the Chinese pro-

duction has grow
n m

ore than four-fold over 
this period (from

 1
51

.5
 M

t to 6
8

4
.6

 M
t of 

crude steel) (W
orldsteel A

ssociation, 2012). 
In these 10 years, the European consum

ption 
of finished-steel products fell from

 159 M
t to 

152 M
t (W

orldsteel Association, 2012). In 2009, 
w

ith the financial crisis, the production level 
in Europe dropped by 30 %

 com
pared to the 

previous 3 years. Partial recovery of production 
has been achieved in the first half of 2010, but 
subsequent falls m

akes pre-crises output levels 
hardly achievable before 2020.

The grow
th of the EU

-27 iron and steel pro-
duction can be estim

ated to be 0.7 %
 per year 

up to 2050 (BCG
, 2013). This w

ould im
ply a 

production of around 206 M
t and 236 M

t of 
crude steel in 2030 and 2050, respectively. The 
increase in the production is estim

ated to be 
covered m

ainly by an increase in the recycling 
route. The production from

 the integrated route 
w

ill stay around current values.

Today, around 30 %
 of steel is traded interna-

tionally and over 50 %
 is produced in develop-

ing countries (W
orldsteel A

ssociation, 2012). 
The w

orld steel industry has an overcapacity 
of 5

42 M
t (out of a global expected capacity 

by 2014 of 2 172 M
t) (EC, 2013). Chinese over-

capacity (20
0 M

t) is sim
ilar to total EU

 pro-
duction capacity of 217 M

t, and the European 
overcapacity am

ounts to around 4
0 M

t (EC
, 

2013). The w
orld’s largest producer in 2011 

w
as a European com

pany (A
rcelorM

ittal). 
The production of the 1

2
th w

orld producer 
(Tata Steel) includes the production of for-
m

er Corus, the 3
rd largest European producer 

(ThyssenKrupp) w
as ranked 16

th in the 2011 
w

orld production, and the 4
th and 5

th largest 
producer (Riva and Techint) w

ere ranked 21
st 

and 3
6

th, respectively.

To achieve the potential identified in the 2011 
Technology M

ap for w
ind pow

er generation 
(SETIS, 2

0
1

1
), the annual consum

ption of 
steel in the w

ind industry by 2020, 2030 and 
2

0
5

0
 could am

ount to 3
.2

, 4
.5

 and 4
.2

 M
t, 

respectively. These annual am
ounts of steel 

w
ould be needed to achieve 220 G

W
 of w

ind 
energy in 2020 (185 G

W
 onshore and 35 G

W
 

off
shore), 350 G

W
 in 2030 (230 G

W
 onshore 

and 120 G
W

 off
shore), and 500 G

W
 by 2050 

2013 Technology M
ap of the European Strategic Energy Technology Plan
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(2
7

5
 G

W
 onshore and 2

2
5

 G
W

 off
shore) 6

4. 
These figures include the additional installa-
tions from

 repow
ering old w

ind farm
s, w

hich 
m

ay start to pick up from
 2020 onshore and 

from
 2030 off

shore.

In therm
al pow

er plants, the developm
ent of 

new
 steel grades w

ill increase tem
perature and 

pressure and w
ill contribute to the im

provem
ent 

of energy effi
ciency (a realistic m

edium
-term

 
target is the developm

ent of types of steels able 
to operate at pressures and tem

peratures up to 
325 bar and 650 °C, respectively). In advanced 
supercritical plants w

ith steam
 conditions up to 

600 °C and 300 bar it should be possible to reach 
net effi

ciencies betw
een 46 and 49 %

, w
hereas 

plants w
ith steam

 conditions of 600
 °C and 

250 bar have effi
ciencies in the range 40–45 %

 
(SETIS, 2011). O

lder PC plants, w
ith sub-critical 

steam
 param

eters, operate w
ith effi

ciencies 

64	
The turbine data used to obtain these estim

ates is 

based on an analysis of the m
ass of existing and 

projected off
shore and onshore w

ind 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 tow
er (93 %

 iron 

and steel), top-head (67 %
 iron and steel), and onshore 

and gravity foundations (5 %
 steel). Account has been 

taken of m
arket share of the different tow

er types 

(85 %
 steel, 15 %

 concrete) and off
shore foundations 

(70 %
 m

onopile and 10 %
 each jacket, tripod/tripile 

and concrete). Assum
ptions had been m

ade on the 

possible evolution of the w
eight versus capacity 

relationship according to technological evolution, 

to 2015/2020/2030/2050, in turbines, tow
ers and 

foundations. The turbine sizes assum
ed are of 3 M

W
 for 

onshore and 6 M
W

 for off
shore by 2020, 4 M

W
/8 M

W
 

by 2030 and 5 M
W

/12 M
W

 by 2050.

betw
een 32 and 40 %

. Each percentage point 
effi

ciency increase is equivalent to about 2.5 %
 

reduction in tonnes of CO
2  em

itted (SETIS, 2011). 
Therefore, m

ajor retrofitting of old sub-critical 
pow

er plants w
ith supercritical steam

 cycles or 
retiring old plants and their replacem

ent w
ith 

new
 plants is essential to m

inim
ise CO

2  em
is-

sions in the pow
er sector. Further developm

ents 
of nickel-based alloys m

ay allow
 steam

 w
ith 

tem
peratures up to 700 °C (ESTEP-SRA, 2005).

In gas transportation, the developm
ent of very-

high–strength steels w
ill contribute to safe and 

effi
cient transportation of natural gas, H

2  and 
CO

2  (CCS technologies). H
istorically, since 1996, 

a fundam
ental eff

ort of the EU
 focused on 

sm
oothing out the w

orkings of the internal ener-
gy m

arket w
as the Trans-European N

etw
orks for 

Energy (EC, 2010a). In recent years, the EEPR 
has allocated alm

ost EU
R 4 billion to leverage 

private funding in gas and electricity structure. A 
good exam

ple of the active role of the European 
Com

m
ission in support of this kind of project is 

the Baltic Energy M
arket Interconnection Plan 

(BEM
IP) (EC, 2010

b) or the Southern Corridor 
(including N

abucco (EC, 2008)).

The developm
ent of new

 grades (lightw
eight 

alloys) for the autom
otive industry can decrease 

steel consum
ption (energy consum

ption) and at 
the sam

e tim
e im

prove the effi
ciency of the final 

products; lighter cars w
ill be m

ore effi
cient. If 

the body structures of all cars produced w
orld-

w
ide w

ere m
ade of advanced high-strength 

steel instead of conventional steel, 156 M
t CO

2 -
eq. w

ould be avoided (W
orldsteel Association, 

2011a). The savings that are typically achieved 
today correspond to a total vehicle w

eight reduc-
tion of 9 %

. For every 10 %
 reduction in vehicle 

w
eight fuel, its econom

y is im
proved betw

een 

Figure 20.3: 
O

verview
 of the steel-

m
aking process and 

variety of products 
m

anufactured

Source: W
orldsteel 

Association, 2011b.
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1.9 and 8.2 %
 (W

orldsteel Association, 2011a). 
W

hen applied to a typical 5-seated passenger 
fam

ily car, the overall w
eight of the vehicle is 

reduced by 117 kg and the savings produced dur-
ing the w

hole lifetim
e of the vehicle is 2.2 tCO

2 -
eq. (G

eyer, 2006).

20.2.4	
Barriers to large-scale deploym

ent

Increases in the recycling rate beyond 60 %
 w

ill 
be stifled by the availability of scrap. Such high 
recycling values could increase the im

purities 
and reduce the overall steel quality. Recycling 
has high em

issions of heavy m
etals and organic 

pollutants due to the im
purities of scrap (ETC/

RW
M

, 2005). These issues w
ill becom

e a m
ore 

pressing issue to be solved urgently.

According to the industry (EU
RO

FER, 2013b), for 
the reduction of CO

2  em
issions w

ith the conven-
tional integrated route (BF and BO

F), the therm
o-

chem
ical effi

ciency of current BFs is very close 
to the optim

um
. CO

2  em
issions are linked to the 

chem
ical reaction for the reduction of iron ore. 

N
o significant advance to decrease CO

2  em
is-

sions is possible w
ithout the developm

ent of 
breakthrough technologies, as proposed by the 
U

ltra-Low
 CO

2  Steelm
aking (U

LCO
S) project.

The m
ain lever of energy savings for steel produc-

tion is led by further increases in the recycling 
rate. For the integrated route, the BFs and BO

Fs 
of existing good reference plants are very close 
to the optim

um
, so there are very few

 possi-
bilities of additional energy savings in this area. 
The best perform

ers are at 17 G
J/t of hot-rolled 

product w
hen the average is at around 21 G

J/t of 
hot-rolled product. N

ot all the European opera-
tors are best-in-class and thus m

ore potential 
to save energy is available by bringing them

 up 
to the level of the best perform

ers: dissem
ina-

tion of best practices and BATs identified in the 
BREF docum

ents for the iron and steel industries 
(EIPPCB, 2013). In addition, there is som

e room
 

for im
provem

ent for the best perform
ers and 

others, especially for the dow
nstream

 processes, 
w

ith a better energetic valourisation of process 
gases in excess, w

astes and by-products. Thus, 
recovery of w

aste heat (including m
ean and low

 
levels of tem

peratures), im
proving the valourisa-

tion of process gases, use of renew
able energies, 

ICT integrated approach for plants’ energy m
an-

agem
ent, and recovery of w

astes and residues 
are som

e of the topics w
here the industry needs 

support for research, pilots and dem
onstrators.

The industry has pointed out the risks of carbon 
leakage under the term

s of the form
er EU

 ETS 
(D

irective 2003/87/EC). According to W
orldsteel’s 

figures (W
orldsteel Association, 2012), trade 

w
ithin the EU

-27 in 2011 am
ounted to 108 M

t of 
crude steel, w

ith 35.9 M
t im

ported from
 outside 

the EU-27 and 38 M
t exported to other non-EU-27 

countries. Excluding the intra-EU
-27 trade, the 

EU
 is ranked first as w

orld im
porter and third as 

w
orld exporter. The revised D

irective (D
irective 

2009/29/EC) provides for 100 %
 of allow

ances 
allocated free of charge, at the level of the bench-
m

ark to the sectors exposed. The sectors exposed 
w

ere determ
ined by the European Com

m
ission 

in D
ecem

ber 2009 (EC, 2009); the iron and steel 
industry is am

ong them
. The benchm

arking val-
ues, proposed by the European Com

m
ission, w

ere 
adopted in April 2011 (D

ecision, 2011).

O
ther social challenges to the industry com

e 
from

 the increasing average age structure of its 
w

orkforce: m
ore than 20 %

 w
ill retire from

 2005 
to 2015 and close to 30 %

 during the follow
ing 

10 years. Therefore, the industry has the chal-
lenge of attracting, educating and securing m

ore 
qualified people (ESTEP/SRA, 2005).

20.2.5	
RD

&
D

 priorities and current 
initiatives

D
uring the period 2005–2008, direct em

issions 
from

 the integrated route w
ere on average 

2.3 tCO
2 /t of rolled products and 0.21 tCO

2 /t of 
rolled products for the recycling route (Ecofys, 
2009). Taking into account the indirect em

is-
sions from

 electricity production in the case of 
the recycling route, around 452 kgCO

2 /t of rolled 
products

65 should be added to the 210 kgCO
2 /t 

of rolled products reported. The resulting am
ount 

rem
ains w

ell below
 the reference values em

itted 
for the integrated route (on average 2 300 kgCO

2 /t 
of rolled products). Exploiting the advantages of 
the recycling route (an order of m

agnitude low
er of 

direct CO
2  em

issions than the integrate route) w
ill 

dem
and an outstanding end-of-life m

anagem
ent 

to m
ake sure that all steel contained in scrap can 

be recycled in an effective w
ay.

The data collected for the purposes of the im
ple-

m
entation of the revised Em

issions Trading 
D

irective indicate a potential for reductions of 
direct CO

2  by applying best practice to the extent 
of 10 %

 of the current absolute and direct em
is-

sion of the parts of the sector covered by the 
revised Em

issions Trading D
irective (roughly 

equivalent to 27 M
t of CO

2  per year). H
ow

ever, 
this potential relies strongly on a substitution 
of local raw

 m
aterials w

ith increased im
ports 

of best perform
ance raw

 m
aterials from

 out-
side the EU

 (especially ores and coal). In order 
to m

aintain the com
petitiveness of the energy-

intensive industries, the European Com
m

ission 
has launched the SILC initiative (SILC, 2013) to 

65	
This value has been obtained using an average em

ission 

factor for electricity of 0.465 tCO
2 /M

W
h (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 W
orkshop, 2010).
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help the industry achieve specific G
H

G
 em

ission 
intensity reductions.

An early m
arket roll-out after 2020 of the first 

technology considered in the U
LCO

S project (sup-
ported by the EU

) could further reduce the CO
2  

em
issions. The U

LCO
S project is the flagship pro-

ject of the industry to obtain a decrease of over 
50 %

 of CO
2  em

issions in the long term
. The first 

phase of U
LCO

S had a budget of EU
R 75 m

illion. 
As a result of this first phase, four m

ain processes 
have been earm

arked for further developm
ent.

•	Top gas recycling BF is based on the sep-
aration of the off

-gases so that the useful 
com

ponents 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 im

plem
entation of the 

top-gas recycling BF w
ith CCS could cost about 

EU
R 590 m

illion for an industrial dem
onstrator 

producing 1.2 M
t hot m

etal per year (SET-Plan 
W

orkshop, 2010). 

•	
The HIsarna technology com

bines pre-heating 
of coal and partial pyrolysis in a reactor, a 
m

elting cyclone for ore m
elting, and a sm

elter 
vessel for final ore reduction and iron produc-
tion. The m

arket roll-out is foreseen for 2030. 
Com

bined w
ith CCS, the potential reduction of 

CO
2  em

issions of this process is 70–80 %
 (SET-

Plan W
orkshop, 2010). A pilot plant (8 t/h, w

ith-
out CCS) w

as com
m

issioned during 2011 in 
Ijm

uiden, the N
etherlands (EECRsteel, 2011a). 

•	
The U

LCO
RED

 (advanced direct reduction w
ith 

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 w

ill need an electric arc 
furnace for m

elting the iron. An experim
ental 

pilot plant is being planned in Sw
eden, w

ith 
m

arket roll-out foreseen for 2030. The poten-
tial reduction of CO

2  em
issions of this process 

is 70–80 %
. 

•	U
LCO

W
IN

 and U
LCO

SYS are electrolysis pro-
cesses to be tested on a laboratory scale. There 
is a clear need to support this research eff

ort 
w

ith a high share of public funds, and to lead 
the global fram

ew
ork m

arket tow
ards condi-

tions that ease the prospective deploym
ent of 

these breakthrough technologies.

It is im
portant to note that, com

pared to the 
conventional BF, the first tw

o breakthroughs 
U

LCO
S-BF and H

Isarna w
ould result in a reduc-

tion of CO
2  em

issions of 50–80 %
 and at the 

sam
e tim

e a reduction of energy consum
ption 

by 10–15 %
. O

ne im
portant synergy in the quest 

to curb prospective CO
2  em

issions through the 
U

LCO
S project is the share of innovation initia-

tives w
ithin the pow

er sector or w
ith any other 

(energy-intensive) m
anufacturing industries that 

could launch initiatives in the field of CCS (e.g. 
cem

ent industry) (ZEP, 2010; ESTEP, 2009).

U
nder the assum

ptions of a recent study by JRC 
(2012), it w

ould only be after 2030, w
hen new

 
technologies m

ay becom
e available, that there 

could be a reduction of around 10 %
 in energy 

consum
ption and of 20 %

 in total direct CO
2  em

is-
sions. A follow

-up study (M
oya, 2013) indicates 

that by varying the investm
ent decision criterion, 

and also considering an advanced m
arket roll-

out of new
 technologies, the reduction in energy 

consum
ption and CO

2  em
issions reachable w

ould 
am

ount to 18 %
 and 65 %

, respectively. A critical 
area is therefore a successful dem

onstration 
of breakthrough technologies for CO

2  em
ission 

abatem
ent, including industrial CCS.

O
ne of the instrum

ents that w
ill support the 

im
plem

entation of the SET-Plan is the N
ER300 

established in Article 10(a)8 of the revised 
D

irective. This instrum
ent w

ill provide the m
on-

etary value of 300 m
illion em

ission allow
ances 

to co-finance CCS and innovative renew
able dem

-
onstration projects. N

o CCS project w
as aw

arded 
under the first call for proposals of the N

ER300 
funding program

m
e (EC, 2012a). The EU

R 275 
m

illion envisaged for CCS projects in the first 
call rem

ains available to fund projects under the 
second phase of the program

m
e. Also, the EU

 has 
m

aintained 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 
sm

aller scale, the SILC schem
e of the European 

Com
m

ission aim
s to help sectors to achieve spe-

cific reductions in G
HG

 em
ission intensity in order 

to m
aintain their com

petitiveness. M
oreover, the 

steel industry together w
ith other process indus-

tries subm
itted, under H

orizon 2020, a proposal 
for a new

 public-private partnership called SPIRE 
w

ith an annual budget of about EU
R 20–25 m

il-
lion for the steel part.

In order to design a long-term
 policy strategy, the 

European Com
m

ission has recently published an 
Action Plan for the steel sector (EC, 2013) w

hose 
aim

 is to identify w
ays to preserve and enhance 

the com
petitiveness 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. O

n average, energy costs are 16 %
 of their 

production costs (EIPPCB, 2013) and in som
e 

cases they reach up to 30 %
. This industry is the 

largest user and producer of renew
able energy 

(around 50 %
 of its prim

ary energy consum
ption 

com
es from

 biom
ass) (EIPPCB, 2013). At the 

sam
e tim

e, in 2008, the bioenergy consum
ption in 

the European pulp and paper industry represented 
m

ore than 16 %
 of the bioenergy consum

ed in 
Europe (AEBIO

M
, 2010; Alankas, 2010). In the 

quest for energy effi
ciency m

easures, the industry 
has invested heavily in CH

P. In 2010, its electric-
ity production from

 CH
P w

as 50 %
 (CEPI, 2012) 

of their electrical consum
ption. Also, half of the 

paper produced com
es from

 recycled fibre. This 
evolution has led to direct absolute CO

2  em
issions 

decreasing by 6.9 %
, from

 1990 to 2010, w
hereas 

the pulp and paper production has increased by 
30 %

 and 46 %
, respectively (CEPI, 2012). The 

CO
2  em

issions from
 the sector in 2010, around 

37 M
t, represented around 2 %

 of the em
issions 

under the EU
 ETS.

In 2010, in Europe, the sector had a total turnover 
of EU

R 76.4 billion, em
ploying som

e 225 000 
people directly (CEPI, 2012). M

any m
ills operate 

in rural areas, m
aking them

 particularly relevant 
to regional em

ploym
ent —

 60 %
 of em

ploym
ent 

in the European pulp and paper industry is located 
in rural areas.

20.3.2	
Technological state of the art and 
anticipated developm

ents 

There are tw
o m

ain routes to produce diff
erent 

types of pulp: from
 virgin w

ood or from
 recy-

cled m
aterial. The pulp produced in either w

ay is 
subsequently processed into a variety of paper 
products. For virgin pulp m

aking, tw
o m

ain kinds 
of processes are used: chem

ical and m
echanical 

pulp m
aking. Virgin pulp can be produced along-

side paper, on the sam
e site. In Europe, about 

18 %
 of all m

ills are integrated m
ills 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 
w

orld (68.7 %
 in 2008

66) (CEPI, 2012). Except 
for a sm

all num
ber of deinked m

arket pulp m
ills, 

pulp production from
 recycled fibres is alw

ays 
integrated alongside paper production.

66	
Recycling rate: ‘U

tilization of paper for recycling + net 

trade of paper for recycling’, com
pared to paper and 

board consum
ption (CEPI, 2012).

JRC
13_TM

A
P_08A

P14_P5-N
S-Print.indd   148

09/04/2014   16:22:25





















LD-NA-26345-EN-C 

JRC M
ission

As the Com
m

ission’s
in-house science service, 
the Joint Research Centre’s 
m

ission is to provide EU
 

policies w
ith independent, 

evidence-based scien-
tific and technical support 
throughout the w

hole
policy cycle. 

W
orking in close coop-

eration w
ith policy D

irec-
torates-G

eneral, the JRC 
addresses key societal chal-
lenges w

hile stim
ulating 

innovation through develop-
ing new

 m
ethods, tools and 

standards, and sharing its 
know

-how
 w

ith the M
em

ber 
States, the scientific com

-
m

unity and international 
partners.

Serving society
Stim

ulating innovation
Supporting legislation

LD -NA-26345-EN- C 

doi: 10.2790/9986

JRC
13_TM

A
P_08A

P14_P5-N
S-Print.indd   4

09/04/2014   16:22:30

karlsjo
Typewritten Text
LD-NA-26345-EN-C




