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Executive summary 

The objective of the present study is to analyze 
the impact of the steel industry on the CO2 emis-
sions in Germany from an overall perspective by 
means of an extensive CO2 balance, in which 
selected case studies in the sectors energy gen-
eration, traffic, households, and small consumers 
are examined, for which innovations in the mate-
rial steel and the use of steel in innovative, cli-
mate-friendly applications can have a CO2-
reducing effect. For the year 2020, a total annual 
reduction potential of approx. 74 million tonnes of 
CO2 results from the examined examples of steel 
applications alone.  
Compared with the total emissions of the steel 
industry in the year 2007 of approx. 67 million 
tonnes, the result is a positive CO2 balance.  

For the selected case studies, an average ratio 
of savings compared with the emissions during 
production of the required steel of six to one is 
determined. The largest levers are found in an 
efficiency increase in fossil fuel power plants and 
an expansion of renewable energy sources, but 
also in the reduction of emissions in traffic 
through lighter vehicles. Approximately one-third 
of the federal government's climate target (a 40% 
reduction of greenhouse gas emissions by 2020 
compared with 1990) can be achieved with steel 
alone. A strong steel industry is therefore—also 
from a climate-policy perspective—an important 
link in the value chain to provide the required 
material innovation and conduct the necessary 
research and development. 

 
 
Introduction 

Since the 1992 UN Framework Convention on 
Climate Change, climate protection has been 
given increasing importance around the world. 
Especially Germany and the EU have increased 
their efforts in this area in the past years and 
have taken an international leadership role in 
many topics. The focus was and is particularly on 
energy-intensive industries as the main emitters 
of CO2. The goal of limiting and reducing indus-
trial greenhouse gas emissions has led to nu-
merous regulation initiatives, such as, notably, 
the European CO2 emissions trading introduced 
in 2005.  However, in light of the great impor-
tance of fossil fuels for the production processes 
of energy-intensive industries, unilateral or 
asymmetric regulations in the EU and Germany 
give rise to the question of the international com-
petitiveness towards regions outside Europe that 
have no similar regulations for the industry oper-
ating there, up to and including the threat of pro-
duction and emission shifts ("carbon leakage"). 

This applies also to the steel industry, which—as 
a result of its high process-related emissions 
from the reduction of iron ore to pig iron and the 
processing thereof to steel—is responsible for a 
significant share of the industrial CO2 emissions 
in Germany. However, a focus on the emissions 
in connection with the production processes is 
too short-sighted. A holistic examination must 
include not only the emissions caused, but also 
the contribution that an industry and its prod-
ucts—and especially product innovations—make 
to the required emissions savings in other sec-
tors. Only on this basis can it be assessed, also 
from a climate-policy perspective, how important 
a competitive and strong steel industry is for 
Germany and the EU. Against this background, 
the present study calculates a CO2 balance for 
steel, in which the CO2 reductions enabled 
through steel applications are compared against 
the CO2 emissions caused by the production of 
these steel applications. 
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I. Initial situation worldwide and in Germany 

In the context of this purpose, it is helpful to first 
take a look at the initial situation of CO2 emis-
sions worldwide and in Germany: Since the be-
ginning of industrialization, the CO2 concentration 
in the atmosphere has increased by 35%.1 Be-
tween 1990 and 2007, the global CO2 emissions 
increased by 38%.2 Asia in particular played a 
major role in this development. In China, CO2 
emissions nearly tripled between 1990 and 2007, 
giving it the highest growth rate worldwide. In a 
per-capita analysis of CO2 emissions, the United 
States remains at the head of the list among the 
major developed countries, with approx. 22 ton-
nes of CO2 per capita in 2007.3  
At the 1997 UN Framework Convention on Cli-
mate Change in Kyoto, the Kyoto Protocol was 
agreed, which came into force in 2005 and in 
which the EU, amongst others, committed to 
reducing greenhouse gas emissions by 8% by 
2012 compared with 1990 levels. Although the 
December 2009 UN Framework Convention on 
Climate Change in Copenhagen did not specify 
mandatory targets, a further increase in the 
global effort to reduce greenhouse gas emissions 
can be expected. 
 
Germany, one of the world's leadings developed 
countries with an approx. 6% share of the global 
economic performance4, causes 2.3% of the 
global CO2 emissions. Between 1990 and 2007, 
Germany reduced its CO2 emissions by approx. 
19%, from 1,036 million tonnes (Mt) to 841 Mt, 
thereby taking and international leadership role in 
climate policy (see exhibit 1). The various efforts 
                                                      
 

                                                     
1 IPCC (2007) 
2 BMU (2009), BMWi (2008) 
3 BMU (2009), BMWi (2008), US Census Bureau 

(2009) 
4 UNCTAD (2008) 

of individual economic branches have demon-
strably yielded results: for example, the automo-
tive industry was able to reduce the average fuel 
consumption of new passenger cars by 18% 
since 19905, and since 1990, the energy con-
sumption for space heating declined by 33%. 
The CO2 output per kilowatt hour (specific CO2 
emission of the electricity generation mix) was 
reduced by almost 20% between 1990 and 
2006.6 In addition to the efforts of the industry 
itself, subsidy programs of the federal govern-
ment also contributed to the positive develop-
ments. If one examines the CO2 emissions in 
Germany—which in 2007 amounted to approx. 
840 Mt of CO2—by the sectors causing them, the 
following picture emerges:  

 
 
5 BMU (2009), BMWi (2008), VDA (2009), KBA (2009) 
6 BMU (2009), BMWi (2008) 



Steel's CO2 Balance 
A Contribution to Climate Protection 

7 

 

Exhibit 1: Development of CO2 emissions in Germany by sector (1990–2007)

The energy industry is responsible for almost half 
of all emissions. The CO2 shares of the traffic 
(20%) and industrial sector (10%) have remained 
more or less stable since 1995. The CO2 emis-
sions caused by the household and commercial 
sector, on the other hand, are declining strongly 
and in 2007 amounted to only 15%. 
 
In 2007, the federal government met at 
Meseberg palace and decided on the "Integrated 
Energy and Climate Program" (IEKP). The 
central point of this program is the goal of 
achieving a 40% reduction in CO2 emissions by 
2020, compared with 1990 levels. In absolute 
figures, this would correspond to a reduction by 
approx. 400 million tonnes to approx. 620 million 
tonnes of CO2. Until 2050, the Meseberg 
Program even aims for a CO2 reduction of 80% 
compared with 1990 levels. To achieve this 
ambitious goal, the federal government 

formulated a number of targets and measures. 
These include an increased use of gas-fired 
power plants, an overhaul of existing power 
plants to increase efficiency by 7%, the 
expansion of renewable energy sources to 
approx. 25% of electricity generation, a doubling 
of the share of combined heat and power (CHP), 
an increase in energy efficiency in electricity 
consumption, and emissions reduction in private 
and freight traffic.7  
How can the material steel contribute to the a-
chievement of these ambitious targets of the 
German energy and climate program? Or rather: 
Can they be achieved at all without steel? To 
answer this question in an objective and fact-
based manner, the study presents a CO2 balance 
in which the CO2 reductions enabled through 

                                                      
 
7 BMU (2008), et al. 

0

300

600

900

1,200
In Mt CO2

2000

-19%

2007

884

350 (40%)

163 (18%)

181 (20%)

98 (11%)

841

387 (46%)

92 (10%)

1995

923

361 (39%)

182 (20%) 130 (15%)

152 (18%)
176 (19%)

112 (12%)

92 (10%)

1990

1,036

89 (11%)
84 (10%)

427 (41%)

193 (19%)

163 (16%)

154 (15%)

98 (10%)

Energy
Households and small consumers
Traffic

Manufacturing industry
Industry

0

300

600

900

1,200
In Mt CO2

2000

-19%

2007

884

350 (40%)

163 (18%)

181 (20%)

98 (11%)

841

387 (46%)

92 (10%)

1995

923

361 (39%)

182 (20%) 130 (15%)

152 (18%)
176 (19%)

112 (12%)

92 (10%)

1990

1,036

89 (11%)
84 (10%)

427 (41%)

193 (19%)

163 (16%)

154 (15%)

98 (10%)

Energy
Households and small consumers
Traffic

Manufacturing industry
Industry

Energy
Households and small consumers
Traffic

Manufacturing industry
Industry



Steel's CO2 Balance 
A Contribution to Climate Protection 

8

 

steel applications are balanced against the CO2 steel applications.  
emissions arising from the production of these 

 
 
Excursus 1: Historical development of CO2 emissions in steel production 
CO2 emissions in steel production—in Germany, approx. 67 million tonnes in 2007—arise primarily in the 
production of pig iron and crude steel. Approx. 65% to 70% of the total emissions per tonne of produced 
steel arise at this level. In the period from 1960 to 2008, the German steel industry continuously reduced 
the energy expenditure per tonne of produced crude steel by over 40%. Milestones in the achievement of 
this result were an improvement of energy efficiency in the production process, a better utilization of the 
by-products of steel production, a reduction of output losses, and an improved recycling of products con-
taining steel. 
Between 1990 and 2007, the German steel industry was able to reduce its CO2 emissions per produced 
tonne of finished steel products by 23%. This was made possible primarily through measures for increas-
ing energy efficiency and reducing the consumption of reducing agents, e.g., an improved quality of coke. 
The examinations of the specific CO2 emissions of the German steel industry were made on the basis of 
the distribution ratio of 68% via blast furnaces and 32% via electric furnaces prevalent in Germany (2008). 
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II. Purpose of the study 

As emphasized earlier, the present study intends 
to convey a holistic perspective on the climate 
policy impact and contribution of the steel indus-
try and its products. For this purpose, a CO2 bal-
ance will be presented, in which the CO2 reduc-
tions made possible through innovative steel 
applications on the one hand, and the production 
of these steel applications—or rather, the CO2 

emissions caused by the steel production indus-
try as a whole—on the other, are balanced 
against each other, whereby the focus of the 
study is on Germany. Only steel applications that 
have an impact on CO2 emissions arising in 

Germany will be taken into account. The study 
examines only CO2 emissions and no other 
greenhouse gases.  
 
The calculations and analyses of the study use 
the actual values of 2007 as reference figures, 
while the possible reduction potential is always 
calculated with regard to the year 2020. The final 
result of the examinations is the CO2 balance of 
the steel industry. 
In this way, the steel industry's contribution to the 
achievement of the political climate targets can 
be assessed. 

 

III.  Methodology of the study 

The methodology of this study—regarding both 
the underlying original data and the imputed fo-
recasts—is based on external data of renowned 
research institutions and selected case studies. 
As regards the current CO2 figures for Germany, 
the year 2007 was chosen as reference year, for 
which the data of independent research institu-
tions serves as a basis. The study thus examines 
the period from 2007 to 2020 and concentrates 
exclusively on the development in Germany. A 
transfer of the analysis to the European Union 
would, however, be possible. The general projec-
tions for the development of CO2 emissions as a 
whole until 2020, on which this study is based, 
originate from scenarios modeled in scientific 
examinations.8  
The study is based on two important fundamental 
principles: On the one hand, the focus of the 
determination of CO2 savings potential is on in-
novation, i.e. either the use of newly developed 

                                                      
 
8 Energy scenarios based on studies of EWI Cologne 

(2005) and studies on behalf of the German Federal 
Environmental Agency 

steels for efficiency improvements in existing 
applications is examined (e.g., efficiency in-
creases in fossil fuel power plants) or the use of 
steel in innovative applications (e.g., wind 
power), or both. The steel innovations required 
for this already exist in Germany today or are at 
least in development, and will therefore be avail-
able before 2020. The field of material substitu-
tion, however, is consciously excluded. 
On the other hand, a highly conservative ap-
proach is applied, e.g., through the filtering logic 
explained below, the comprehensive inclusion of 
the emissions from production, including the 
extraction of raw materials, while the climate 
contributions from exported steel applications are 
excluded. The selected approach has the advan-
tage that the determined CO2 savings potential 
from steel applications may be regarded as 
highly reliable. 
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On this basis of current and future CO2 emis-
sions, the study concentrates on quantifying the 
CO2 reduction contributions of the steel applica-
tions. The study thus does not formulate a com-
prehensive assessment of the development of 
CO2 emissions as a whole or the overall degrees 
of reduction in the steel industry. Instead, the 
influence of innovative steel applications on the 
future development of CO2 emissions is esti-
mated on the basis of eight selected case studies 
and projected without overlap for the determina-
tion of the total effect.  

In the selected case studies, a differentiation can 
be made between applications whose realization 
is possible only with the use of steel on the one 
hand, and applications in which other materials 
play an important role on the other. Furthermore, 
a differentiation can be made between the per-
spective "optimization of existing products" and 
"use of new applications" (see exhibit 2). 
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Exhibit 2: Segmentation of the case studies by impact of steel on CO2 reduction 
 
Exhibit 3 illustrates the approach by the example 
of the CO2 emissions arising in passenger car 
traffic: The delta at the center of the examination 
results from the comparison of the emissions 
development under assumption of the use of the 

examined steel application against the emissions 
development since the reference year 2007 with-
out the consideration of these steel applications. 
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Exhibit 3: CO2 reductions are calculated for the period 2007–2020 

 
In the selection of the case studies, the CO2 e-
missions arising during the combustion of fossil 
fuels as original source are used as a basis, and 
the four basically possible levers for a reduction 
of CO2 emissions in this segment are examined: 
the reduction of the effectiveness and efficiency 
losses in the (direct) combustion of fossil fuels or 
the reduction of losses in the provision and use 
of secondary energy (lever I); the reduction of the 
specific emissions in existing products (lever II); 
the reduction through use and expansion of new 
applications to avoid emissions (lever III); and the 
reduction through increased material efficiency in 
existing applications (lever IV). 
The examples resulting from this system were 
further narrowed down through the application of 
a four-step filtering logic (exhibit 4): First, only 
steel applications were considered that are used 
in Germany and have a direct reduction impact 
there. Second, only applications were included 
that lead to a significant change in CO2 emis-
sions in the examined period 2007–2020. Third, 

case studies with a complex mix of materials and 
possible interaction or substitution effects were 
not included, in order to ensure the unambigu-
ousness of the later crediting to the steel applica-
tions. Fourth, only case studies with an absolute 
reduction potential of at least one million tonnes 
of CO2 were considered. On the basis of this 
restrictive selection, eight case studies emerged 
for further analysis and examination, in which 
CO2 emissions are reduced or avoided through 
the use of steel in new areas of application or the 
replacement of steel products with more innova-
tive steels: efficiency increases in fossil fuel 
power plants, additional construction of wind 
power plants, further renewable energy sources, 
improved efficiency in transformers, improved 
efficiency in electric motors, weight reduction in 
passenger cars, weight reduction in trucks, and 
expansion of CHP. The case studies represent 
approx. 10 percent of the steel produced in Ger-
many. A more detailed description and charac-
terization can be found in the appendix. 
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CO2-Emissionen aus der Verbrennung fossiler 
Brennstoffe konventioneller Kraftwerke vermieden

• Windkraft reduziert den gewichteten durchschnittl. 
CO2-Ausstoss des Energiemixes

• Selbst konservative Institute halten eine 
Steigerung des Windkraftanteils am deutschen 
Strommix von heute 6,2% auf ~15% in 2020 für 
realistisch2

• Windkraftwerke neben Wasserkraft derzeit
wirtschaftlichste Form der Energieerzeugung 
aus erneuerbaren Energien (Wasserkraft-
Potential stark beschränkt)

• Flächenpotential bei Onshore-Windkraftwerken
in D weitgehend ausgereizt - Steigerung der 
Onshore-Kapazität durch Repowering

• Repowering erhöht Kapazität und Auslastung mit 
größere Höhe und bedeutet kompletten Neubau
inklusive Fundament

• Offshore-Potential in Deutschland deutlich 
größer (ca. 237 TWh/a1 ) – erste Kraftwerke im 
Bau

• Offshore-Windkraftwerke mit Vorteilen bei der 
Auslastung und höherem Aufwand in der 
Infrastruktur  (Ca. doppelte Kosten je installiertem 
Megawatt3 ggü. Onshore)

BeschreibungBeschreibung EffektEffekt

Quellen: 1 . Kaltschmitt et al. (2006)  2. Energiewirtschaftlichen Institut Köln (2008) 3. Windenergie Rep ort Deutschland 2005
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Exhibit 4: Four-step filtering logic leads to a short-list of eight case studies 

 
One effect of the filtering logic is that—in order to 
ensure an unambiguous crediting to steel—a 
wide range of steel applications with substantial 
CO2 reduction potential is not taken into account 
in this study. The geographical filter, for example, 
results in the exclusion of pipelines for gas trans-
port or the export of German cars and the reduc-
tion of CO2 emissions resulting from these. The 
filter that specifies the need for substantial reduc-
tion potential results in the exclusion of the ship-
ping segment or the technology of carbon cap-
ture and storage (CCS), as shipping has already 
realized its potential, and CCS is not expected to 
yield significant potential before 2020. Material 
substitution is left completely unconsidered on 
principle, in order to ensure that the focus re-
mains on innovations in the steel industry alone. 
The material substitution filter, for example, ex-
cludes the avoidance of emissions in other indus-
tries, e.g., the reduced use of cement as a result 
of improved structural steel. Finally, the filter that 
calls for an absolute reduction potential of at 
least one million tonnes of CO2 leads to the ex-
clusion of, e.g., turbines in air traffic, trains, or 
rolling resistance in tires. If all possible steel ap-

plications were to be fully included in the exami-
nation, the expected CO2 reduction effects would 
be quantified much higher than in the present 
study. To assess the eight case studies selected 
on the basis of the four-step filtering logic, the 
selected steel applications are examined in their 
life cycle. The initial CO2 emissions will therefore 
be apportioned to the entire life cycle of the steel 
applications.  
The CO2 balance calculation is made by compar-
ing the CO2 reduction potential from steel appli-
cations with the CO2 emissions arising from the 
production and provision of these applications. 
First, the gross CO2 reduction potential from the 
steel applications is calculated, in which the con-
tributions of other materials are also included. In 
the next step, the contribution of steel to the re-
alization of this gross CO2 reduction potential is 
taken into account, so that the respective reduc-
tion potential that can be credited to the contribu-
tion of steel can be better determined. The result-
ing net CO2 reduction potential is then compared 
with the CO2 emissions caused by the application 
and production of steel. The result is the CO2 
balance of the steel industry. (see exhibit 5). 
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Fall beispiel:  Gewi chtsredukt ion PKW 
Überbl ic k

• Du rch  Stah lin n ov ation en we rde n im  J ah r 2 02 0 
geg en üb er 20 07 c a.  1 1 Mio . T on ne n CO2

we ni ge r e mi tt i ert

• Du rch  Stah l in n ov ation en  seit 19 90 we rden  im 
Jah r 2 02 0 so ga r ~ 17  Mio .  T on n en  CO2
ei nge sp art

• PKW  Ve rkeh r e mi tt i ert  i m Basi sj ah r 2 00 7 
ca . 11 0 Mil lio ne n T on ne n  CO2

• Gewic ht ei ne s Fa hrze ug s wes en tlich e r 
Ein flu s sfak tor au f CO2 -Emi ssi on

• Inno va ti on en  d er Sta hl i ndu strie  ermög li ch en  
de n Bau  s ig n ifika nt leich tere r Fa hrz eu ge

• Mod ere  h ig h p erforman ce  Stäh le  ermö gl ic hen  
in  Zu kun f t weite re wes en tlic he  
Gewic htsre du k tio n

BeschreibungBeschreibung EffektEffekt

7
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B es ch rei bu n gB es ch rei bu n g

Fall beispiel:  Eff izi entere Transformatoren
Überblick

Effe ktEffe kt

• Be i d er Strom übe rtra gu ng  u nd  – ve rte il un g en tstehe n Verl uste  
in  Stromn etz un d be i d er Ve rtei lu ng  i n T ra ns fo rmato re n

• De r G ro ßte il  d er Verl uste  e ntsteh t  i m Nie de rs pa nn ung sn etz 
auf  de r Eb en e de r Vertei l tra nsfo rm atore n du rch Bli nd le is tu ng

• De r W i rk un gsg rad  e in es  k on ven ti on el l en 
Ve rte il t rans formato rs li eg t be i  c a.  9 0%  u nd  ist  pri mär 
beg ren zt  d urc h di e ph ysi ka li sc hen  Ei ge ns cha f te n de s 
Sta hl kern s

• Du rch  Korn ori en ti erte-Stah l-Kern e wird  e in e po tent i el le  
Wi rkun gs grad stei ge rung  von  4% an ge no mme n (re la t iv e 
Ve rlu stredu kt i on d er Bl i ndv erl uste  u m 60 %) 

• Th eo re t isc h wäre  e in e Red uk ti on  d er Bli nd le is tu ng sve rlu ste 
von  b i s zu 2 /3  g eg en üb er kon ve nt io ne ll en  Stäh le n mö gl ic h

• Stahl i nno va ti on en  erhö he n de n 
W irku ng sgra d de r T ran sforma to ren  d urch  
Spe zi al stäh le

• Durc h Sta hl in no vat i on en we rd en  i m Ja hr 
20 20  geg en üb er 20 07  c a.  3  Mio .  T on ne n 
CO2 we ni ge r e mi tt i ert

5
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Fall beispi el:  W indkraftwerke
Überbl ic k

• Durch  Ste ig erun g d es W in dk ra f ta ntei l s we rde n 
CO2-Em is sio ne n a us de r Ve rbren nu ng  fo ssi le r 
Brenn stof fe ko nv en ti on el le r Kra ftwerk e ve rm ie de n

• W in dkra ft  red uzi ert  de n ge wic hteten  du rc hs chn it t l.  
CO2-Au ss to ss d es Ene rgi emi xe s

• Sel bs t ko ns erva ti ve  In st itute  h al ten  e in e 
Ste ig eru ng  d es  W i ndk raf tante il s am d eu ts che n 
Stro mmi x vo n he ute 6 ,2 % au f ~ 15 % in  202 0 für 
rea li st i sch 2

• W in d kra ftwe rke neb en  Wa sse rkraf t  d erz ei t
wirtsc ha ftlic hs te Fo rm de r En erg ie erze ug un g 
a us e rneu erb are n En erg ie n (Wa sse rkraf t -
Pote nt ia l  s ta rk be sch ränk t)

• F läc he np ote ntial be i On sho re-W in dkra ftwerk en
i n D wei tg eh en d au sg ere izt -Steig eru ng de r 
On sh ore-Kap az ität du rch Re po werin g

• Re po werin g erh öh t Kap az ität  un d Aus la stun g mi t 
g röß ere Hö he u nd  b ed eu te t  k om plette n Neu b au
i nk lu si ve F un da men t

• Offs ho re-Pote ntial in  Deuts chl an d de ut l ic h 
g röß er (ca.  23 7 TW h /a 1) – e rs te  Kra f twe rke i m 
Bau

• Offsh ore-W in dk ra f twe rke mi t  Vo rte il en  b ei  de r 
Aus la stun g un d h öhe rem Aufwa nd i n de r 
Infras tru ktur  (Ca. d op pe lte Kos ten j e i nstal l ie rte m 
Me ga watt 3g gü . On sho re)

Beschr eibungBeschr eibung EffektEffekt

Quellen: 1 . Kal ts c hmitt e t  a l.  ( 2006)  2 .  Energ iewi rts c haft lic hen Ins ti tu t Köln  ( 2008)  3 . Wi ndenerg i e Repor t Deuts ch l and 2005
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Fall beispiel:  Gewi chtsreduktion PKW 
Überblick

• Du rch  S tah l in n ov ati on en we rde n im  J ah r 2 02 0 
geg en üb er 20 07 c a.  1 1 Mi o . T on ne n C O2

we ni ge r e mi tt i ert

• Du rch  S tah l in n ov ati on en  sei t  19 90 we rden  im 
Jah r 2 02 0 so ga r ~ 17  Mi o .  T on n en  C O2
ei nge sp art

• PKW  Ve rkeh r e mi tt i ert  i m Basi sj ah r 2 00 7 
ca . 11 0 Mi l li o ne n T on ne n  C O2

• Gewi c ht ei ne s Fa hrze ug s wes en tli ch e r 
E in f lu s sfak tor au f CO2-Emi ssi on

• Inno va ti on en  d er Sta hl i ndu strie  ermög li ch en  
de n Bau  s ig n if i ka nt l ei ch tere r Fa hrz eu ge

• Mod ere  h ig h p erforman ce  Stäh le  ermö gl ic hen  
in  Zu kun ft wei te re wes en tli c he  

Gewi c htsre du k ti o n

BeschreibungBeschreibung EffektEffekt
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Fall beispiel:  Eff izi entere Transformatoren
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Exhibit 5: Overview of the focus and methodology of the study 

 
Excursus 2: Steel-induced CO2 emissions along the production process 
The CO2 emissions in the steel industry can be segmented into three examination areas. In scope I, the 
CO2 emissions arising directly in steel production are taken into account. In scope II, the CO2 emissions 
connected with the externally purchased electricity used in steel production are examined. In scope III, 
mainly the CO2 emissions connected with the extraction of raw materials (primarily iron ore and metallurgi-
cal coal) are taken into account. 
 
There are two basic methods of steel production: basic oxygen furnace (BOF) for the primary production of 
crude steel, and electric arc furnace (EAF) for the production of steel from scrap. The CO2 emissions of the 
two methods vary at all steps of the steel production process—from the extraction of raw materials to cok-
ing, steel production, hot-rolling, cold-rolling, and hardening and tempering, to the final product. For the 
purposes of this study, the distribution determined for Germany—68% for BOF and 32% for EAF—is used 
as a basis.  
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IV. The CO2 balance of the steel industry 

On the basis of the outlined purpose of the study 
and the described methodology, the following 
result emerges for the eight examined case stud-
ies (see exhibit 6): The gross CO2 reduction po-
tential connected with innovative steel applica-
tions is calculated at 87 million tonnes per year. 
A consideration of the specific steel contributions 
of the individual case studies results in a net 
effect of approx. 74 million tonnes of CO2 per 
year.  
The five greatest reduction opportunities lie in the 
overhaul of fossil fuel power plants (29.5 Mt), a 
further expansion of wind power (14.2 Mt), a 
weight reduction in passenger cars (11.2 Mt), an 
expansion of CHP (9.2 Mt), and further renew-
able energy sources (5 Mt).  
 
If, by way of illustration, one compares the an-
nual net reduction potential of 74 million tonnes 
of CO2 from the eight selected case studies with 
the total annual CO2 emissions of 67 million ton-
nes caused by the steel production in Germany, 
the result would in mathematical terms be a posi-
tive CO2 balance from these examples alone. 
The emissions caused by steel production in 
Germany are more than compensated by the 
examined case studies.  
With a less conservative filtering logic, e.g., with-
out the focus on Germany or on the period 2007–
2020, the result would be even more positive. In 

this case, the total reduction can be estimated at 
two- or five-fold the sum of the analyzed case 
studies. 
If one considers that the over 4 million exported 
German vehicles will at their destinations have at 
least a similar CO2 reduction effect of approx. 10 
million tonnes as in Germany, that exported 
power plant technology will reduce the specific 
CO2 emissions of fossil fuel power plants across 
the whole world, that the inland waterway trans-
port in Germany contributes another approx. 
20% of the road freight transport volume (approx. 
40 million tonnes of CO2 emissions arise from 
freight transport), one can imagine the extent of 
the CO2 potential not examined. 
Relating to the selected case studies with their 
approx. 12 million tonnes of CO2 emissions from 
steel production and a reduction potential of 
approx. 74 million tonnes, the material steel can 
potentially achieve a CO2 reduction for these 
applications that is about six times as high as the 
emissions caused by the steel production for 
these applications. The most effective success 
lever is in the area of fossil fuel power plants; 
here, the addressed ratio is as high as 400 to 1. 
For renewable energy sources, the correspond-
ing ratio is 200 to 1; for wind power plants, it is 
32 to 1; for more efficient transformers, 14 to 1; 
and for CHP, 9 to 1. 
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Exhibit 6: Results overview: CO2 reductions from steel applications 
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Source: BCG analysis 
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V. Conclusion: The political climate targets in Germany cannot be achieved with-

out innovative steel applications 

The CO2 reduction potentials of the examined 
case studies alone result in a positive CO2 bal-
ance for steel. The use of innovative steel prod-
ucts can therefore balance the associated CO2 
emissions for the provision of the applications 
through increased efficiency in energy genera-
tion, reduced consumption, and emissions 
avoidance, and even achieve a multiple positive 
effect in the selected examples. A further impor-
tant result of the study is that the ambitious cli-
mate targets of the federal government cannot 
be achieved without the steel industry (see ex-
hibit 7). By 2020, the federal government aims to 
reduce CO2 emissions by 40% compared with 
the reference year 1990. This means a reduction 
from approx. 840 million tonnes of CO2 in 2007 to 
approx. 620 million tonnes in 2020. With a gross 
CO2 reduction potential of approx. 87 million 
tonnes, the examined steel applications contrib-
ute approx. 40% to the planned 220 million tonne 

reduction. Approx. 80% of the reduction potential 
in the case studies examined in this study can 
only be achieved with the application of steel. 
The reduction potential that can be credited to 
the material steel alone, at 74 million tonnes, 
accounts for one-third of the federal govern-
ment's reduction target. This contribution cannot 
be replaced with alternative materials, as—from 
a technical and economic perspective—there is 
virtually no alternative to steel in important appli-
cations, e.g., in power plants and wind parks. 
Due to its various applications, the material steel 
has a crucial importance for many segments of 
technical infrastructure, such as buildings, trans-
port routes, or supply. According to the logic 
developed in this study, a strong steel industry is 
also an important link in the value chain, in order 
to provide material innovations important from a 
climate policy perspective, and to conduct the 
required research and development. 

 



Steel's CO2 Balance 
A Contribution to Climate Protection 

 

16

Exhibit 7: Contribution of steel to the federal government's political CO2 reduction plans accounts 
for up to 33%. 
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Appendix: Steel applications for CO2 reduction: Six case studies 

In the following, the calculations and results for 
the main examined case studies will be ex-
plained in detail. 
 
Example: Increased efficiency of fossil fuel 
power plants 

The efficiency improvement in steam power 
plants in recent years was achieved through a 
consistent optimization of the entire process. The 
most important individual measures were the 
increased steam temperatures and steam pres-
sures, the reduction of internal losses in the 
steam turbine and in own consumption, and the 
improved recooling and degree of effectiveness 
in steam generators. The increase in steam con-
ditions will require the development and use of 
new, specially developed, high temperature-
resistant steel types to withstand the extremely 
high pressure and temperature strains in boilers 
and steam pipes. While power plants from the 
1960s, with efficiencies of just over 30%, are 
currently still in use, efficiencies of 51% for bitu-
minous coal and 47% for lignite (without CHP) 
should be possible by 2020.9 In combined-cycle 
plants, approx. two-thirds of the electricity is gen-
erated through the gas turbine, and one-third 
through the steam turbine. With an appropriate 
research and development effort, efficiencies of 
63% should be achievable in combined-cycle 
plants by 2020. The first combined-cycle plants, 
which were installed in 1980, had efficiencies of 
approx. 50%. The world's largest and most effi-
cient gas turbine, with a performance of 340 MW, 
is currently in testing in Irsching. It weighs 400 
tonnes and is 95% steel. Modern bituminous 
coal, lignite, and combined-cycle plants have a 
                                                      
 

                                                     

9 EWI (2005), Siemens (2009), et al. 

steel share of 80% to 90% in the most important 
part, the structural and electrical engineering.10 
 
The calculation of the CO2 reduction potentials 
through more efficient fossil fuel power plants is 
based on the following premises: In 2007, elec-
tricity was generated with average specific emis-
sions of 1.16 t CO2/MWh in lignite power plants, 
0.87 t CO2/MWh in bituminous coal power plants, 
and 0.37 t CO2/MWh in natural gas power 
plants.11  
For 2020, a reduction of specific emissions to 
0.95 t CO2/MWh in lignite power plants, 0.74 t 
CO2/MWh in bituminous goal power plants, and 
0.30–0.37 t CO2/MWh in natural gas power 
plants is predicted. Should these improvements 
fail to be realized, the emissions of the electricity 
production volume forecast for 2020 at the ex-
pected electricity mix would be higher by about 
37 Mt CO2/year. For 2020, forecast values of the 
electricity generation mix were used in order to 
separate the effect of the efficiency improvement 
and to exclude the mix effect from the examina-
tion. An increasing importance of gas would lead 
to an additional reduction of emissions, which 
could be enabled only through steel pipelines. 

 
 
10 EWI (2005), Platts (2009), et al. 
11 EWI (2005) 
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Exhibit 8: CO2 reduction in fossil fuel power plants through efficiency improvements 
 
In the mathematical model, a new construction of 
13 GW gas power plants, 6.5 GW bituminous 
coal power plants, and 4.6 GW lignite power 
plants was assumed. The material expenditure 
for the installation of the power plants and the 
corresponding CO2 emissions for material gen-
eration and product provision were quantified 
and apportioned to a typical 35-year life cycle of 
fossil fuel power plants. The resulting CO2 emis-
sions reduction through steel innovations and 
components until 2020 is 37 Mt CO2. For the 
efficiency increase in fossil fuel power plants, this 
means a ratio of 400 to 1 between emissions in 
2020 and the apportioned expenditure for steel 
alone. 
 
The specific CO2 emissions of a power plant 
result from the carbon content of the fuel and the 
electrical efficiency of the power plant. The 
higher the average electrical efficiency, the less 
fossil fuel is required to generate the electricity.  

The average efficiency in turn is calculated by 
the respective efficiency of the existing power 
plants. In recent years, the efficiency of new 
power plants has increased continuously and will 
further improve in the future. A greater share of 
new power plants will therefore lead to a reduc-
tion of the average specific emissions. Between 
2007 and 2020, 26 GW of capacity in fossil fuel 
power plants will be shut down after expiry of 
their planned life cycle. The intended withdrawal 
from nuclear energy in Germany will also lead to 
a capacity reduction. If existing power plants are 
replaced with new ones after expiry of their life 
cycle, this will lead to a jump in efficiency of 
approx. 11–12% in fossil fuel power plants and 
approx. 10% in gas and steam power plants. A 
further expansion in CHP units will lead to addi-
tional emissions reductions (for details, see the 
CHP description). 
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Exhibit 9: Materials development with a positive impact on efficiency improvement 

 
In case of a stronger expansion of fossil fuel 
power plants until 2020, the absolute emissions 
in the power generation industry would most 
likely decline less strongly. However, the contri-
bution of new fossil fuel power plants and, ac-

cordingly, of steel would be significantly higher, 
as fossil fuel power plants would achieve a much 
stronger reduction due to the higher specific 
emissions compared with natural gas.  
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Exhibit 10: Improved efficiency in fossil fuel power plants 
 
 
Example: Expansion of wind power

The calculation of CO2 reduction potentials from 
wind power plants is based on the following 
premises: Since the beginning of the 1990s, the 
share of wind power in the German energy mix 
has increased to a feed-in of approx. 40 TWh in 
2007. This corresponds to almost 7% of the net 
power production. According to political targets, a 
feed-in of 76 TWh—translating to an approx. 
15% wind power share—by 2020 is assumed. 
For 2020, the climate targets specify a 25% sha-
re of renewable energy sources in total power 
generation. 
 
In the calculation, the emissions of the forecast 
energy mix in 2020 were first taken into account. 
Then, it was assumed that, with a stable feed-in 
as of 2007 of power generated from renewable 
energy sources, the "missing" power volume 
would have to be "compensated" by the remain-

ing energy mix. In this case, the absolute emis-
sions of power generation would be substantially 
higher, resulting in a wind power potential of 
approx. 16 million tonnes per year to reduce CO2 
emissions by 2020.12 

                                                      
 
12 EWI (2005), BMU (2008), DENA (2005), et al. 
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Exhibit 11: Reduction of CO2 emissions in power generation through renewable energy sources

 
So, wind power plants are replacing conventional 
power plants, leading to a reduction of CO2 
emissions from the combustion of fossil fuels and 
a reduction of the specific CO2 emission of the 
German energy mix. For the planned expansion 
of wind power, an additional construction of 1.8 
GW onshore wind power and 10 GW offshore 
wind power is assumed13. The steel production 
for the provision of the wind power plants would 
cause emissions in the amount of approx. 
9 million tonnes of CO2. This amount was appor-
tioned to a 20-year life cycle. The resulting ratio 
for wind power plants between CO2 reduction in 
2020 and the apportioned CO2 emissions for 
steel alone is 32 to 1. 
Due to the previous development in the area of 
wind power plants, the onshore area potential 
has been nearly exhausted. This potential is 
limited in any case due to landscape conserva-

                                                      
 
13 EWI (2008) 

tion reasons. As modern wind turbines have be-
come continuously larger and more powerful, 
limited additional onshore potential can be 
tapped through replacement of older, smaller 
wind turbines (repowering). The study therefore 
assumes that the increase in the wind power 
share in the German energy mix from currently 
approx. 7% to 15% in 2020 will for the major part 
occur through an expansion of offshore wind 
power, the development of which is still in the 
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with onshore wind turbines, offshore wind parks 
have the advantage, amongst others, that the 
average number of full-load hours at sea is al-
most twice as high as on land. To achieve the 
political targets, a similar development is ex-
pected for offshore wind power by 2020 as was 
observed for onshore wind power in the last 
years. 
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Exhibit 12: Power volume and capacity of wind power plants in Germany 1994–2020 
 
In onshore wind turbines, tower, nacelle, and 
gearbox of the rotor are largely constructed of 
steel. The results in an almost 90% share of the 
material steel (excluding the concrete founda-
tion). The steel share of offshore wind turbines is 
even higher than that of onshore wind turbines, 
as the foundation is additionally constructed of 
steel (e.g., tripods at alpha ventus). A 200 MW 
tripod offshore wind park consists of approx. 
100,000 tonnes of steel. The infrastructure, e.g., 
the electrical substation or the supply vessels, 
also have a substantial steel share.  
 
 
 
 
 
 
 

A pilot study of the German Federal Ministry for 
Environment, Nature Conservation, and Nuclear 
Safety, as well as forecasts of other institutions, 
predict an even stronger increase in wind power 
until 2020.13 In case of a possible stronger ex-
pansion of fossil fuel power plants compared with 
the planned gas power plants until 2020, the 
reductions would be significantly higher, as the 
mix of the fossil fuel power plants replaced by 
renewable energy sources would have higher 
specific emissions (t CO2/TWh) than forecast. 

                                                      
 
13 EWI (2008), UBA (2007), DEWI (2009), et al. 
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Example: Weight reduction in passenger cars and trucks 

The calculation of CO2 reduction potential from 
weight reduction in passenger cars and trucks is 
based on the following premises: In 2007, the 
passenger car traffic in Germany emitted approx. 
110 million tonnes of CO2. Truck traffic (vehicles 
over 3.5 tonnes) were responsible for CO2 emis-
sions of approx. 30 Mt. CO2 emissions in road 
traffic are caused by the fuel consumption of the 
vehicles, which in return is influenced by the 
factors motor efficiency, rolling resistance, air 
resistance, and vehicle weight. A weight reduc-
tion in passenger cars can be achieved through 
the application of high-performance steel for 
chassis and body—for example, through the use 
of tailored blanks. A comparison of different se-
ries shows a deceleration—in the newest vehicle 
generations, even a partial reversing—of the 
historical trend towards increasing vehicle 
weight. New vehicles consume approx. 10% less 
fuel than the existing passenger car fleet in Ger-
many. The weight of a vehicle is an important 
influencing factor for fuel consumption and, ac-
cordingly, for CO2 emissions (for passenger cars, 
reduction by approx. 0.35 l/100 kg/100 km).14 
 
The innovations in the steel industry in the form 
of high-strength steel types now allow the pro-
duction of substantially lighter vehicles. Depend-
ing on the part (body shell, doors, flaps), weight 
reductions of 10% to 40% are possible. The cal-
culation in this study isolates the steel contribu-
tion by analyzing the reduction potential of the 
steel share in vehicles and excluding additional 
efficiency improvement effects from engine effi-
ciency, cw value, or tire rolling resistance. These 
effects are only implicitly taken into account in 
the forecast CO2 emissions per vehicle. For the 
life cycle view, the possible CO2 reduction of a 

                                                      
 

                                                     

14 IFEU (2003), IFEU (2006), et al. 

vehicle was calculated based on the average 
annual driving distance of approx. 13,000 km. 
The emissions from the steel generation required 
for the production of the passenger cars were 
apportioned to the life cycle of eight years typical 
in Germany. The forecast total driving distance of 
the German passenger car fleet in 2020 of 
approx. 600 billion km therefore results in a po-
tential CO2 reduction of approx. 11 million tonnes 
for passenger car traffic. Due to the isolation of 
the steel weight reduction, the contribution of 
steel is estimated at 100%. The steel-induced 
CO2 emissions for the production of the vehicles 
amount to approx. 8 million tonnes of CO2. 
Approx. 45 million passenger cars are expected 
in Germany for 2020. The resulting ratio for 
weight reduction in passenger cars between CO2 
reduction in 2020 and the apportioned CO2 emis-
sions for the steel production alone is 1.3 to 1.15 
 
The weight reduction in trucks has only a partial 
impact on the truck diesel consumption. On many 
trips, the reduced weight will be compensated as 
additional payload. However, the higher average 
load of vehicles will reduce the number of re-
quired trips. This trip reduction applies only to 
fully loaded trips and a load of continuously in-
creasable goods. On trips with volume restric-
tions (large goods with low density, e.g., empty 
containers or furniture), trips with heavy piece 
goods (machines, etc.), or partially loaded or 
empty trips, only the reduced fuel consumption 
will apply. This will lead to approx. 1.4% CO2 
reduction per 10% weight reduction and is calcu-
lated via the pro-rata reduction (approx. 
0.06 l/100 kg/100 km) of the average fuel con-
sumption of the current truck fleet. In compari-
son, the reduction of required trips even leads to 

 
 
15 KBA (2009), et al. 
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a relative effect of an approx. 5.7% CO2 reduc-
tion per 10% weight reduction. A reduction of 
approx. 1 million tonnes of CO2 is therefore pos-
sible in truck traffic by means of the abovemen-
tioned levers.  
As with passenger cars, for trucks, the contribu-

tion of steel is estimated at 100% due to the iso-
lation of the steel weight reduction. For weight 
reduction in trucks, the resulting ratio between 
CO2 reductions in 2020 and apportioned CO2 
emissions for the steel production alone is 
1.1 to 1.

Exhibit 13: CO2 reduction potential from weight reduction in trucks 
 
Example: Efficiency increase in transformers 

The calculation of the CO2 reduction potential 
through more efficient transformers is based on 
the following premises: In the energy transmis-
sion and distribution, losses of approx. 4–4.5% of 
the gross energy generation (energy generation 
of the power plants after own consumption) arise 
in the energy grid and in the distribution to trans-
formers. In 2007, approx. 25 TWh were lost in 
the transmission and distribution of energy, 
which corresponds approximately to the energy 
generated by three conventional fossil fuel power 
plants and causes approx. 13 million tonnes of 
CO2 based on the estimated specific CO2 emis-

sions for 2020.16 The majority of the losses arise 
in the low-voltage network at the level of the dis-
tribution transformers through reactive power. 
Due to very high efficiencies and capacity utiliza-
tion, the losses at the first transformer are rela-
tively low. Relevant losses arise at transmission, 
but these are not or only minimally influenceable 
through steel applications. 

                                                      
 
16 AGEB (2008), VDE (2008) 
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Exhibit 14: Case study transformers—CO2 reduction through loss minimization

Losses in energy transmission and distribution 
result primarily from friction, heat, and reactive 
power. The efficiency of a conventional distribu-
tion transformer already lies at over 98% and is 
limited primarily by the physical properties of the 
steel core. Modern, grain-oriented steel cores, 
however, would allow a relative reduction of 
losses by approx. 35%. To achieve low hystere-
sis losses in applications with high capacity utili-
zation like transformers, and to meet the high 
requirements regarding permeability, steel is 
produced with as uniform an orientation of the 
crystallites as possible, i.e., grain-oriented 
strips.17  
Theoretically, a reduction of reactive power los-
ses by up to two-thirds compared with conven-
tional steel is possible.18 Steel innovations there-
fore increase the efficiency of the transformers 

                                                      
 
17 SEEDT (2008), Dt. Kupferinstitut (2007), et al. 
18 VDE (2008), SEEDT (2008) 

through special steel, thereby decreasing the 
resulting losses at distribution level. 
Steel innovations in the field of transformer effi-
ciency could result in an emissions reduction of 
2.3 million tonnes of CO2 in 2020 compared with 
2007. For the calculations of the study, the steel 
contribution was estimated at 90% due to the 
great influence of the steel cores on the effi-
ciency of the transformers and the exclusiveness 
of the use of steel as a material. The CO2 reduc-
tion results from a reduction of the required gross 
energy volumes through lower losses. The opti-
mized steel is more expensive but, due to the 
loss reduction, the investment will pay off within a 
short period of time. However, the current re-
placement rates of approx. 3% of the installed 
base per year would have to be increased sub-
stantially to achieve the full potential by 2020. 
The resulting ratio for transformer efficiency be-
tween CO2 reduction in 2020 and apportioned 
CO2 emissions for the steel production is 14 to 1.
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Example: Combined heat and power (CHP) 

Heat energy plays an important role especially in 
households (space and water heating) and in-
dustry (process heat). In households, space 
heating accounts for approx. 80% of total energy 
consumption. The demand for heat will decrease 
in future due to current developments in thermal 
insulation and low-energy houses, but will never-
theless continue to play an important role in en-
ergy generation. With combined heat and power 
(CHP), the waste heat in power plants can be 
used for power generation as heat energy. Hot 
water or steam from the power plants is trans-
ported to the end users via pipeline systems, 
where it is connected to the heat supply via heat 
exchanges. In the simultaneous generation of 
power and heat, the fuel utilization can be up to 
90%. The federal government aims to double the 
share of CHP and is financially subsidizing the 
generation of power through CHP. For the use of 
CHP units, the simultaneous need for power and 
heat, as well as the proximity to the end user, are 
assumed. 
 
The growth area for the use of CHP units are 
primarily local cogeneration units for the genera-
tion of local heat for residential areas, large build-
ings, swimming pools, or industrial parks. Mini- 
and micro-CHP units for individual buildings or 
households will also be used increasingly in the 
future, whereby power for the building supply will 
be generated as a by-product of the heat genera-
tion. These units were, however, not taken into 
account in the quantification of the study, as no 
supply network—and accordingly, no relevant 
volumes of steel—are required for the heat 
transmission.19  
 

                                                      
 

                                                     

19 IEA (2009) 

Through waste heat transport in steel pipes, CHP 
units increase the overall efficiency of fossil fuel 
power plants. For the heat generation with CHP 
units, low additional CO2 emissions of the heat 
energy are added on (the add-on is calculated by 
the Finnish method20). Through this steel applica-
tion, approx. 10 million tonnes of CO2 will be 
saved in 2020 compared with 2007. Due to the 
substantial contribution of the steel pipes to the 
feasibility of CHP units and the exclusiveness of 
the use of steel as a material, the steel contribu-
tion is estimated at 90%. The expansion of the 
network will require an additional pipeline length 
of approx. 50,000 km. The weight of the steel for 
the pipes is estimated at approx. 450 t/km. Steel-
induced emissions from the production of these 
pipes are distributed across a life cycle of 40 
years. The resulting ratio for combined heat and 
power between CO2 reductions in 2020 and ap-
portioned CO2 emissions for the steel production 
alone is 9 to 1.21 
The aspired additional construction of CHP units 
will, however, require intense political and eco-
nomic efforts to significantly expand on-grid heat 
despite declining demand for heat in the house-
holds. 

 
 
20 Calculation of the add-on in comparison with sepa-

rate generation of heat and power, see also  
TU Dresden (2008) 

21 BMU (2008), AGFW (2008), UBA (2007), et al. 
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Excursus 3: Importance of steel recycling and material efficiency by the example of packaging 
cans 
Environmental aspects and life cycle examinations play an increasingly important role in the selection of 
materials for various different applications. Due to their reusability and comparatively simple separability 
from other materials, steel product can to a large extent be recycled with practically no loss in nearly every 
application. The recycling of steel products saves up to two-thirds of the required energy. In addition, it 
leads to an optimization of the use of resources and, accordingly, to a conservation of natural resources.22 
 
A good example of steel recycling can be found in the packaging segment. Steel packaging is especially 
relevant for the recycling system, due to the comparably short life cycle of the products. By reducing the 
thickness of food and beverage cans, substantial material efficiency improvements were realized in recent 
years, whereby CO2 emissions from steel production were avoided. In 2008, over 90% of all tinplate pack-
aging was recycled. In contrast, plastics have the lowest recycling rate among common packaging materi-
als. While the consumption of packaging in Germany increased by a total of 20% in the last ten years, the 
share of steel in overall consumption of packaging declined continuously. 

 

Exhibit 15: Development of crude steel production and scrap share in the German steel industry 

                                                      
 
22 Philipp, Still, Volkhausen (2003) 
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