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Abstract
Carbon capture and storage (CCS) promises the low-emissions 
coal power station. Th e technology is under development; a 
number of technological, economic, environmental and safety 
issues remain to be solved. With regard to possible trajectories 
towards a sustainable electricity system, CCS raises a number 
of questions. On the one hand, CCS may prolong the prevailing 
coal-to-electricity regime and countervail eff orts to increase 
energy effi  ciency. On the other hand, given the indisputable 
need to continue using fossil fuels for some time, it may serve 
as a bridging technology towards a sustainable energy future. 
Energy effi  ciency could then be conceptualized as a natural ally 
of CCS, as it aims at reducing the consumption of energy and 
thus the amount of CO2 to be captured and stored. 

We discuss these issues for the case of Germany. Aft er a 
survey of the current state of the art of CCS deployment and 
activities, we use a general equilibrium model to analyze the 
impact of introducing CCS to the German electricity system 
with respect to the energy and technology mix, the result-
ing CO2 emissions and the interaction with energy effi  ciency 
measures. Th e model shows that, under the assumption of a 
CO2 policy, both energy effi  ciency and CCS will contribute to 
climate gas mitigation. A given climate target can be achieved 
at lower marginal costs when the option of CCS is included in 
the analysis.. We conclude that, given an appropriate legal and 
policy framework, CCS and energy effi  ciency are complemen-

tary measures and should both form part of a broad mix of 
measures required for a successful CO2 mitigation strategy. 

Introduction
Coal is Germany’s major domestic energy resource and elec-
tricity generation input. Th e country is a major lignite pro-
ducer, while hard coal mining has declined in favor of imports. 
Altogether, coal provides almost 52 % of the fuel inputs for 
electricity generation. Under business as usual conditions, the 
picture is unlikely to change in the near future. Prospects for 
escaping this “carbon lock-in” are mostly considered unfavora-
ble at present (Unruh 2000; Unruh 2002; Perkins 2003; Unruh 
and Carrillo-Hermosilla 2006). 

With regard to sustainability, the extraction and combustion 
of hard coal and lignite for electricity generation is a heatedly 
debated issue. Coal proponents claim that coal use ensures se-
curity of energy supply at low cost. Under the conditions of 
the German nuclear phase-out, they see no alternative to it. 
Environmentalists argue that coal mining and combustion are 
responsible for landscape destruction and that they threaten 
the earth’s climate more than any other single energy source. 

Carbon Capture and Storage (CCS) promises to enable the 
low-emissions coal power station. CCS is an incremental in-
novation, representing a change within the existing system that 
does not endanger (or that even reinforces) its overall struc-
ture. CCS allows for the continued use of fossil fuels, it can be 
combined with the existing infrastructure (that is, large-scale 
centralized power plants) and implemented by existing actors. 
Opponents therefore fear that CCS may further delay the tran-
sition to a carbon-free electricity system. But CCS could also be 
considered an innovation that “buys time” for radical restruc-
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turing and serve as a bridging technology towards a sustainable 
energy future. CCS could then be an innovation that paves the 
way out of the current carbon focus of electricity generation. 

Another option to reduce climate gas emissions and resource 
depletion is to increase the energy effi  ciency of the economy. 
Improvements in energy effi  ciency can occur on both the 
demand and the supply side of energy. On the demand side, 
industry and private households may invest in more energy-
effi  cient production and consumption equipment as well as 
in improved building features so as to reduce heating require-
ments. On the supply side, conversion effi  ciency is in the focus 
of energy effi  ciency activities. In this paper, we address both 
areas, albeit in diff erent detail. 

With respect to energy effi  ciency, CCS raises major issues. 
On the one hand, CCS is linked to a signifi cant loss of gen-
eration effi  ciency which leads to a higher level of primary en-
ergy needs for electricity generation and thus higher resource 
depletion and related environmental and landscape damages. 
Also, a risk of leakage in CO2 storage exists, which may off set 
mitigation eff orts. Th e question hence is if CCS and energy ef-
fi ciency are compatible or if CCS simply threatens to “eat up” 
the effi  ciency gains realized elsewhere in the economy without 
any benefi t for the earth atmosphere. Besides, fears are that the 
focus of research and development (R&D) as well as investment 
expenditures may shift  towards CCS, thus aff ecting adversely 
on eff orts for other sustainable technologies such as renewable 
technologies and energy effi  ciency. On the other hand, the per-
ception of CCS and energy effi  ciency as antagonists may not 
be appropriate to the issue at all, as both may contribute to a 
given CO2 reduction target. Given an appropriate price for CO2 
allowances and a related increase in fi nal energy prices, “the 
market” will then decide about the shares in CO2 reduction 
delivered by the diff erent mitigation options. 

Against this background, our paper sets out to explore 
whether CCS technologies and energy effi  ciency are compati-
ble or not. Does CCS – in view of both the energy and CO2 per-
spective – make economic and environmental sense? How does 
the availability of CCS aff ect the impact of sustainable policy 
and system options? Does it simply prolong the existing carbon 
lock-in and hinder the diff usion of energy effi  ciency and sus-
tainable energy generation technologies? Is CCS an antagonist 
or an ally to energy effi  ciency? Where do they compete, where 
do they support each other as part of an overall climate protec-
tion and sustainable energy transformation? 

Th e paper is organized as follows. Aft er an inventory of 
the state of the art of CCS and the current activities in Ger-
many and Europe, we summarize economic assessments for 
CCS and the resulting outcomes of scenario analyses. We then 
introduce the Second Generation Model (SGM-Germany), a 
dynamic general equilibrium model, to analyze the impact of 
introducing CCS to the German electricity system. We investi-
gate the eff ects with respect to the energy and technology mix, 
the resulting CO2 emissions and the interaction with energy 
effi  ciency measures. In the last section we discuss our fi ndings 
and draw conclusions for the policy framework required for a 
useful deployment of CCS. 

CCS and Energy Effi ciency: What Are the Issues 
at Stake? 
We start our paper with a brief overview of the current state of 
CCS technology, its economics and its environmental perform-
ance, and procure issues coming up in the debate about a future 
deployment of CCS. We then briefl y describe CCS activities 
and the general setting for CCS in Germany and discuss the 
interface of energy effi  ciency and CCS. 

STATE OF THE ART 
CCS as such is not a new technological concept. Th e technologies 
and practices associated with carbon capture and geologic stor-
age have been in commercial operation within various industries 
for 10 to 50 years (Curry 2004). Th e oil industry, for example, 
has been injecting CO2 into oil formations to recover additional 
oil since the 1970s (so-called enhanced oil recovery or EOR). 
A network of pipelines was built in the Western USA in order 
to connect CO2 emission points and oil drilling places. One of 
the main diff erences between EOR and CCS is, though, that the 
former is not concerned about the long-term fate of the injected 
CO2. Leakage is, therefore, not an issue and neither is liability. 

In combination with electricity generation from fossil fuels, 
CCS is at an early stage of development and market formation, 
leaving several decisions to be made and a number of ques-
tions to be asked. It is possible for a number of fuel inputs. 
However, due to the respective levels of fuel prices, CCS is not 
likely to be economic in gas plants, and the German debate has 
been focusing on CCS from coal-based power plants. Several 
CCS processes are currently being developed: capture from the 
fl ue gas (post combustion), separation from the fuel gas (pre 
combustion) and oxyfuel technology, in which the fuel is com-
busted with pure oxygen, producing a high concentrate of CO2 
which facilitates its recovery. Post combustion is available for 
conventional power plants, while pre-combustion is applied in 
integrated gasifi cation combined cycle plants (IGCC). Retro-
fi t is only possible for post combustion. Technologically and 
economically, IGCC appears to be the most promising today 
(Watson 2005; Radgen et al. 2006). 

Worldwide, a large number of plants and storage projects 
are in the process of planning and design. Th e IEA database on 
CO2 Capture and Storage projects (IEA 2007) counts 135 proj-
ects on capture, transport and storage. A detailed assessment 
of the current status of CCS is presented in a special IPCC re-
port on the issue (IPCC 2005). In Germany, the fi rst 30 MW 
oxyfuel pilot plant is being implemented by the energy utility 
Vattenfall. It is to be completed by 2008 and then followed by 
a demonstration station of 200 MW. RWE, also a major energy 
utility, meanwhile announced that it is to start generation in an 
IGCC plant of 450 MW by 2014. 

Th e captured CO2 can be compressed and led through pipe-
lines or by ships or other carriers to a storage site in, e.g., saline 
aquifers, oil and gas fi elds or coal seams. Th e disposal of CO2 in 
deep oceans is currently not regarded as an option in Europe, 
including Germany.1 Its risks, particularly in terms of the time 

1. However, the US and Japan are considering ocean storage, and international 
legal barriers have been recently changing the London Convention on the Preven-
tion of Marine Pollution by Dumping of Wastes and Other Matter, so that CO2 no 
longer counts as a pollutant (Carbon 2006).
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of storage and eff ects on the marine environment, are consid-
ered to be too high (WBGU 2003). In Germany, saline aquifers 
have the greatest storage potential. Th e total theoretical storage 
capacity in Germany is estimated to be in the range of some 80-
150 years, if all CO2 from power plants (about 320 Mt/a) is to 
be stored (COORETEC 2003; GESTCO 2004). Actual technical 
and economical capacities are lower, depending on geological 
restrictions, cost and the location of the storage sites. More-
over, as many storage sites are cross-national, the distribution 
of rights and responsibilities requires clarifi cation. 

Th e major environmental risk (and perversion) of CO2 stor-
age is leakage. Model calculations and natural analogies suggest 
that in many geological formations, leakage rates somewhere 
below 1 % over 1,000 years are possible. Exhausted gas and 
oil fi elds and, to a lesser extent, salt caverns have so far been 
regarded as safe permanent storage sites. However, any leak-
age rate greater than zero means that most of the CO2 stored 
will have escaped some day. Th erefore, liability for expected 
or unexpected leakage is an issue to be debated. Doubts about 
storage safety have been fuelled by a recent US study showing 
that stored CO2 can dissolve minerals in the ground and, by this 
means, cause leakage (Kharaka et al. 2006). 

Among the most-debated issues are furthermore the level 
and intensity of public (and private) R&D funding for CCS as 
compared to other (renewable or effi  ciency-oriented) energy 
or climate change mitigation technologies, and the regulatory 
framework needed for safe storage. Th ere is no doubt that fur-
ther R&D is needed on its technological integration into the 
electricity generation process, but particularly on leakage and 
storage issues. 

In addition to these concerns, public acceptance is a great 
unknown at the moment. A major fear articulated by potential 
investors is that the storage of CO2 may trigger an avalanche of 
public protest activities, similar to those observed in the case 
of nuclear energy. 

CCS ACTIVITIES IN GERMANY AND EUROPE
In Germany, CCS is still in an early stage of development. Apart 
from a limited R&D program, no elaborated policy exists so far. 
Rather, the process is in the agenda setting phase where issues 
for discussion and, potentially, decision making are brought to 
the fore. Th e last few years, however, have witnessed a growing 
level of activities around CCS both nationally and internation-
ally (Commission 2004; Linßen et al. 2006; Radgen et al. 2006). 
In Germany, most activities focus on R&D, conducted by two 
electric utilities, and supported through various research pro-
grams by the Federal Ministry for Economics and Technology 
(BMWI), the Federal Agency for Geosciences and Raw Materi-
als (Bundesanstalt für Geowissenschaft en und Rohstoff e, BGR), 
and the Federal Ministry of Education and Research (BMBF). 
In contrast, the Federal Ministry for the Environment (BMU) 
runs a more policy-oriented approach for evaluating CCS and 
comparing it to renewable energy technologies from a climate-
policy perspective. Th e program includes a dialogue between 
diff erent actors by means of a number of workshops (WI et al. 
2004b). Th e Federal Environment Agency (Umweltbundesamt, 
UBA) also assessed CCS technologies (Radgen et al. 2006) and 
formulated a position paper, concluding that CCS could, at the 
utmost, be considered a bridging technology (UBA 2006). Fur-
thermore, European initiatives are an important framework for 

German activities. On the European level, R&D in CCS has 
been increasingly supported (Levefre 2006; Dimas 2006a). On 
December 1st, 2005, the European Commission in cooperation 
with major industrial associations launched the Technology 
Platform for Zero Emissions Fossil Fuel Power Plants (ZEFFPP, 
later ZEP). It brings together actors from industry, research, 
NGOs and the European Commission in an eff ort to develop a 
“Strategic Research Agenda” and “Strategic Deployment Plan” 
for CCS (Commission 2006). Besides, Germany has been en-
gaged in the Carbon Sequestration Leadership Forum (CSLF), 
a ministerial-level international initiative for CCS develop-
ment, since 2003. 

Most of these activities are rather recent. For a long time, 
CCS had not been much of a political issue in Germany. Th e 
debate had been taking place in expert circles, involving a rela-
tively limited set of actors. Th e main drivers were research or-
ganizations, the oil and gas industry and a few political bodies 
such as the Federal Ministry for the Economy and Technology 
(BMWI) and the German Council for Sustainable Develop-
ment. Th e oil and gas industry, albeit not directly involved in 
electricity generation, has longstanding expertise in using CO2 
for enhanced oil recovery and would benefi t from CCS with a 
double dividend: fi rst, by receiving CO2 for EOR and secondly, 
by off ering and selling off  the related CO2 reduction opportuni-
ties to participants of the emissions trading system.  

Electricity and power plant industry shared a pattern of ar-
guments with coal mining industry, called the “Th ree-Step” 
or “Th ree Horizons” concept. It stipulated that fossil fuels 
should be made more climate-friendly in three steps: fi rst, by 
applying existing “best practice” technology (and exporting it 
worldwide); secondly, by developing new power plants with in-
creased conversion effi  ciency; and thirdly, by exploring possi-
bilities for CCS. CCS was thus presented as a technology for the 
rather remote future. Th e main reason behind this reluctance 
was the expected loss in conversion effi  ciency and increase in 
cost. Industry was involved in R&D activities in order to keep 
up-to-date but kept its engagement rather low key, called for 
public funding as a condition for an own investment, and did 
not do much to publicly promote the technology.

Th e coal mining industry has, surprisingly, remained rather 
passive so far. Associations, which represent traditional coal 
and lignite mining industry, as well as electricity generators 
that rely on coal, have not been strongly promoting CCS. Some 
possible reasons emerge: fi rst, in the case of hard coal, it is a 
question of task sharing between coal miners and traders on 
the one hand and electricity industry on the other. Mining in-
dustry leaves it to power industry to deal with an issue, which 
is ultimately so closely related to power generation. Secondly, 
climate protection has never been much of an issue for min-
ing industry as they consider coal to be indispensable for the 
time being in any case. Finally, CCS creates additional costs for 
power generation from coal which may undermine its com-
petitiveness. 

Now the time seems mature for more actors to join in. Cli-
mate policy is re-emerging as an issue: the negotiations for the 
second commitment period of the Kyoto Protocol are begin-
ning, climate has been a topic at G8 summits and recent fl ood 
events and heat spells have heightened public attention. In 
parallel, CCS technology is making progress and is being rec-
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ognized on an international level by the climate policy commu-
nity, as shown by the IPCC report on CCS (IPCC 2005). In this 
vein, political interest in CCS is beginning to increase and the 
debate has been gaining considerable momentum lately. Th is is 
especially so in the case of electricity and power plant industry 
– and of environmental NGOs, which are now forming up to 
develop and demand a clear legal framework and registration 
rules for CCS, similar to the “Golden Standard” for projects 
in the Clean Development Mechanism. Altogether, however, 
there is no fi erce opposition to CCS in Germany yet.

THE INTERFACE OF ENERGY EFFICIENCY AND CCS
In comparison to CCS, energy effi  ciency has a long-standing 
tradition in Germany which fi nds its refl ection in a number 
of established policies such as standards for all kind of tech-
nologies, appliances and heating, and tax advantages for highly 
effi  cient energy generation technologies, for example cogenera-
tion plants or combined cycle gas technology stations (CCGT). 
Energy effi  ciency has been an area of concern and action in 
European and German energy policies since the early 1970’s oil 
price increases and the related debates about security of energy 
supply. Fuelled by actual fears or expected rises in energy pric-
es, and supported by effi  ciency standards, informational meas-
ures, energy audits and investment subsidies, energy effi  ciency 
improved in Germany on all levels. Since 1990, primary and 
fi nal energy intensities in Europe (EU-15) declined by 1.1 % 
per year or 14 %, while the growth in energy consumption has 
been 40 % below economic growth (Odyssee 2007). Until 2000, 
primary energy intensities decreased faster than aft er 2000, be-
cause of the parallel increase in the deployment of cogeneration 
and gas combined cycles. In Germany, the total energy effi  -
ciency increased even faster (Odyssee 2006), but large energy 
effi  ciency potentials still remain untapped (WI 2006). 

Energy effi  ciency and CCS are potentially interlinked in both 
directions, positively and negatively. A major drawback of CCS 
is that it requires additional energy input and implies a  so-called 
energy penalty. Th e negative impact of CCS on power plant ef-
fi ciency is substantial: For conventional hard coal plants, the 
conversion effi  ciency decreases between 8 and 12 percentage 
points, for IGCC between 6 and 8 percentage points (Schum-
acher and Sands 2006). Th is fi gure increases even more when 
a life cycle analysis (LCA) of all up- and downstream processes 
is conducted (Idrissova 2004; Pehnt 2005). Th ese effi  ciency 
losses increase fuel consumption and associated environmental 
damage such as landscape destruction and pollutant emissions. 
Th is also means that CO2 and other emissions are still being 
produced, i.e. they physically exist. In fact, CCS related CO2 
mitigation takes place in form of capture and storage as op-
posed to CO2 production being actually and physically reduced 
through effi  ciency improvement. Successful mitigation is thus 
dependent on the availability of non-leaking storage capacity. 
However, a risk of leakage always remains, which may off set 
mitigation eff orts. Both – leakage and conversion effi  ciency 
– are signifi cant parameters for the global warming balance 
of CCS. 

A second – potential – drawback could emerge on the level 
of R&D policies. When politicians consider CCS to be a “magic 
bullet” to the mitigation of climate change, they may refocus 
(public) R&D expenditures towards CCS and disregard R&D ef-
forts to further improve energy effi  ciency. Currently, the shares 

dedicated for the diff erent technology areas within the German 
federal R&D budget still prioritize other mitigation options: 
R&D on renewable technologies enjoys about 130 Mill. EUR 
annually, energy effi  ciency receives about 80 Mill. EUR, while 
CCS has been fostered with 18 Mill. EUR per year (BMWI 
2006; UBA 2006). However, this picture may change. 

Conversely, both CCS and energy effi  ciency could also be 
considered to belong to the same trajectory towards a sustain-
able energy system: Given an appropriate price for CO2 allow-
ances and a related increase in fi nal energy prices, both energy 
utilities and consumers will choose a portfolio of economical 
options to reduce their CO2 emissions, including both CCS and 
energy effi  ciency measures (and others). Th is line of thinking 
fi nds its refl ection in the draft  Energy Policy for Europe pub-
lished in early January 2007. Th erein, the EU Commission com-
mits itself to installing CO2 capture and storage in a substantial 
number of fossil fuel power stations by 2015, and to phase out 
plants without it. At the same time, the EU Commission also 
targets energy effi  ciency improvements of 20 % compared to 
energy consumption in a reference scenario. Th e ultimate aim 
is to cut CO2 emissions by at least 20 % compared to 1990 until 
2020 by means of a mix of measures, including effi  ciency im-
provements, CCS and renewable energy (EU 2007). 

A pressing concern is therefore whether CCS might be im-
plemented in such a way that it functions as a “bridge” towards 
implementation of sustainable technologies, such as energy ef-
fi ciency or renewable technologies, rather than hindering these 
technologies from diff usion into the existing system. Th e idea 
of CCS is to contribute to a CO2 mitigation strategy. However, 
most experts expect CCS to be commercially available not 
earlier than 2020. Until this – speculative – point of time of 
market introduction, other means of mitigation would need to 
be explored. Observers expect that by this time some 40 GW 
of capacity will already have been replaced in Germany, due to 
the phasing-out of nuclear energy and the decommissioning of 
further plants (Matthes and Ziesing 2003; UBA 2003). Th is sig-
nifi cantly reduces future opportunities for the deployment of 
CCS. As CCS retrofi t is much more expensive than integrated 
CCS, the question is whether CCS will simply come too late.

To summarize, CCS is a mitigation option economical for 
large point sources, such as large power generation units. Th is 
leaves scope (and the need) for other mitigation options, in-
cluding energy effi  ciency and renewable technologies. In fact, 
as we will discuss below, instead of discussing “competing 
options”, CCS and the other mitigation options could also be 
complements within a mix of mitigation options, including 
energy effi  ciency. 

Potential impact on the future electricity system 
A future electricity system may look diff erent if CCS is included, 
or not. Th e result strongly depends on the development of the 
price for CO2 emission certifi cates. Th is concerns the absolute 
and relative shares of fossil fuels such as lignite and hard coal 
(and of natural gas) on the one hand, and the structure of the 
system on the other. Coal may benefi t from the “reconciliation” 
of coal combustion and climate protection that CCS promises. 
Conversely, CCS costs might negatively impact on coal’s com-
petitiveness compared to energy effi  ciency and to other – re-
newable – means of generating electricity. At the same time, de-
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mand-side energy effi  ciency will grow in relevance and reduce 
the need for electricity generation. CCS might also aff ect the 
degree of centralization of the future system: as it is only feasi-
ble for large point sources of emissions, it may be at odds with 
a more decentralized structure of renewable technologies. 

In this section we will discuss the economics of CCS as com-
pared to other mitigation options, with a focus on energy ef-
fi ciency. We look at diff erent levels of a CO2 policy and assess 
the resulting mix of electricity supply options and of energy 
effi  ciency. We start with an overview of existing information 
on the economics of CCS and of scenario analyses of CCS. Th is 
will be followed by own scenarios calculated with the Second 
Generation Model (SGM) for Germany. 

ECONOMICS OF CCS AND MITIGATION SCENARIOS
Th e market potential for CCS depends mainly on how eco-
nomical the process is compared to other CO2 reduc tion strate-
gies. Carbon capture increases the cost of coal-based electricity 
generation because of the additional plant equipment and the 
“energy penalty”. Th e latter is smaller for pre- than for post-
combustion processes, with corresponding economic eff ects. 
Due to the comparatively high cost of retrofi t, CCS is therefore 
more likely to be implemented in new power plants once it is 
commercially available. 

In the relevant literature, the range of estimated costs is 
great, depending on the underlying assumptions, in particular 
those on investment costs, conversion effi  ciencies, future inter-
est rates, fuel prices and the cost of CO2 emission certifi cates. 
Th e costs (without transport and storage) range from 7.6 to 
68.1 EUR/t CO2. Vattenfall expects cost of around 20 EUR/
t CO2 for the capture process in its Oxyfuel demonstration 
plant. Depending on the distance, transport would add an-
other 6-40 EUR/t CO2, and storage another 1-4 EUR/t CO2 for 
old gas and oil fi elds, and up to 2-6 EUR/t for saline aquifers 
(4,5–12 EUR/t for off shore aquifers) (UBA 2006). 

Hence, on average, CCS combined with IGCC could be 
economically viable at a CO2 price in the range of 30 to about 
50 EUR/t. For conventional hard coal plants, CCS would in-
crease the costs of electricity generation by about 3-4 cents 
(EUR) per kWh; for IGCC the increase amounts to about 2-
3 cents. Th is is in accordance with the IPCC assessment (IPCC 
2005). 

Th us, whether CCS will make economic sense, fi rst and 
foremost depends on the existence and level of CO2 prices and 
the corresponding climate policy goals. In any case, commer-
cial availability is not expected any earlier than 2020 and CCS 
will be most competitive for large, centralized power plants, 
ideally located close to the storage location. Correspondingly, 
the economic potential of CCS to contribute to climate change 
mitigation remains limited to the share of large-scale electricity 
generation. 

A number of scenarios include CCS as an option within the 
future generation mix in Germany. Th ey consistently conclude 
that ambitious emission reduction targets can be achieved at 
lower cost when CCS is included into the possible set of miti-
gation options. For example, Martinsen et al. (2007) assess the 
future role of CCS within a German national mitigation strat-
egy with IKARUS, a bottom-up optimization model. Energy 
demand is a function of economic activity and energy prices, 
while no active energy effi  ciency policies are modeled. Th e 

model is sensitive to price and cost changes and shows that all 
newly built power stations would include CCS at a CO2 price 
of 30 EUR or above. 

In the 2005 IPCC Special Report on Carbon Capture and 
Storage, Dadhich et al. (2005) compare a large number of mod-
eling experiences with a wide span of resulting energy and car-
bon futures. Th ey conclude that “technological developments 
are at least as important a driving force as demographic change 
and economic development” (Dadhich et al. 2005). For CCS, 
they consider the “choice of the technology path” an impact 
factor more important for the pace of deployment than other 
factors (ibid.). Both integrated assessment models (MiniCAM 
and MESSAGE) referred to by Dadhich et al. (2005) show that 
there is no single mitigation measure adequate to achieve a sta-
ble concentration of CO2, but rather a portfolio of technologies 
in addition with other social, behavioral and structural chang-
es. Th e models also estimate a carbon permit price that allows 
to stabilize CO2 concentrations at 550 ppm. In both models, 
the level needed for an increased deployment of CCS (again 
approx. 30 EUR/t CO2) is reached in the middle of the century 
only, with the consequence that CCS is mostly implemented 
in the second half of the century. In fact, the literature body 
shows a wide span of estimations for the starting point of a 
commercial operation of CCS, ranging from somewhere be-
tween 2005-2020 and beyond 2050. In both models, aft er 2050, 
the contribution of energy effi  ciency and energy conservation 
is smaller compared to CCS. 

Th e following assessment of potential future developments 
of the German electricity system use these assessments as a ref-
erence for modeling its own mitigation scenario.

Scenarios with SGM Germany
In this section, we use a general equilibrium model (SGM 
Germany) to analyze the combined eff ect of a CO2 policy on 
energy effi  ciency, fuel shift s and CCS. Th e model employs an 
economy-wide framework, which allows analyzing interac-
tions between various users and producers of energy (demand 
and supply side) in response to changes in production costs. 
Such changes in production costs may be induced, for exam-
ple, by climate policies. Th e modeling framework allows for 
an economy-wide and simultaneous response in form of out-
put adjustment, structural change, demand and supply side 
effi  ciency improvement and shift s in electricity technologies 
towards more advanced and effi  cient technologies, such as ad-
vanced coal power plants, IGCC, or NGCC with and without 
CCS. In contrast to (1) a pure bottom-up perspective that puts 
an emphasis on representing the entire energy system in terms 
of specifi c technologies, but generally takes energy demand and 
macroeconomic development as given and does not allow for 
demand and supply side feedbacks, and in contrast to (2) a pure 
top-down economic approach that neglects to include technol-
ogy detail in its analysis of demand and supply side behavior, 
the current model attempts to combine features from both ap-
proaches. 

Th e Second Generation Model (SGM) is an economy-wide 
top-down computable general equilibrium model that embod-
ies technology detail for the electricity sector based on engi-
neering information. With these features CO2 mitigation is 
possible through i) improvement in energy effi  ciency, ii) fuel 
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switching, and iii) introduction of innovative technologies, 
such as CCS and advanced electricity generating technologies. 
Energy effi  ciency options apply to the supply and demand side 
of the economy and are represented in the standard format for 
a general equilibrium model; producers and consumers are 
able to substitute other goods for energy in consumption and 
production as the price of energy increases relative to other 
goods in response to a CO2 policy. Moreover, the electricity 
sector with its technology detail provides opportunities for fuel 
switching and the deployment of advanced and more effi  cient 
electricity generating technologies with and without the option 
of CO2 capture and storage. As the CO2 price increases (for 
example as the result of stricter reduction targets), the relative 
cost per kWh of generating electricity changes across the gen-
erating technologies. Technologies that use carbon-intensive 
fuels, such as pulverized coal, receive a lower share of invest-
ment in new capital than before. An elasticity parameter de-
termines the rate that investment shares change in response to 
changes in the relative cost of generating electricity.2 Detailed 
information on the Second Generation Model can be found in 
Edmonds (2004); the technology-based approach for electric-
ity generation in SGM is demonstrated in Sands (2004) and 
Schumacher and Sands (2006).  

SGM-Germany allows the introduction of advanced and 
more effi  cient electricity generating technologies with and 
without CCS and the projection of the future electricity mix 
with these technologies in a base case and under diff erent as-
sumptions about a CO2 policy. It thus presents a fl exible tool for 
simulating CO2 emissions that can accommodate a wide vari-
ety of assumptions about electricity technologies, CO2 prices, 
fuel prices, and baseline energy consumption.3 Our methodol-
ogy relies on engineering descriptions of electricity generating 
technologies and how their competitive positions vary with a 
CO2 price or change in fuel price. 

We apply a CO2 policy scenario that includes a stepwise in-
crease of a CO2 price from 10 EUR per ton of CO2 in 2005, to 
20 EUR per ton of CO2 in 2010 and continues to increase to 
50 EUR per ton of CO2 in 2025; CO2 incentives are targeted to 
the electricity sector and energy-intensive industries (i.e. those 
covered by the current EU emissions trading scheme). Th is 
approach corresponds to a national emission-trading scheme 
with CO2 allowances allocated to the covered industries.4 It 
would imply that power stations with CCS require CO2 allow-
ances corresponding to their CO2 emission.5 

2. This parameter therefore determines the rate that one technology can substitute 
for another. Or in other words, it determines the price response of electricity tech-
nologies. Technologies with lower unit costs provide a larger share of output. For 
more detail, please refer to Schumacher and Sands (2006).

3. A feature inherent to general equilibrium models is that they do not account for 
negative or no-cost greenhouse gas mitigation options. These models are based 
on the recognition that the economy is in a state of equilibrium a priori the policy 
incentive, and imply that mitigation options are not appropriable without any costs 
(such as transaction costs, information costs, and/or adjustment costs) because 
of existing market imperfections. 

4. CO2 allowances may be auctioned or allocated free of charge. In either case, we 
assume that the covered industries pass on the additional costs (or opportunity 
costs in the case of grandfathering) to fi nal consumers.

5. The current EU ETS framework does not provide an allocation rule for the case 
of CCS. The economic incentive to invest in CCS depend on whether allowances 
are grandfathered or partly auctioned to power stations and whether power stations 
with CCS are equipped with allowances for the full amount of potential emissions 
(including those captured and stored) or for the remaining emissions only (i.e. 
emissions not captured and stored), cf. Dietrich and Bode (2005).

ECONOMIC COMPARISON
Th is section focuses on economy-wide emissions reductions in 
Germany in response to a CO2 policy. A more detailed view of 
the electricity sector is provided in the section thereaft er. For 
any selected year, we can express emissions reduction potential 
in the form of marginal abatement cost curves. Th is is done in 
Figure 1 and Figure 2 for two diff erent time periods (2020 and 
2040) with separate components for effi  ciency based emissions 
reduction, fuel switching, and CO2 dioxide capture and stor-
age. While fuel switching refers to emissions reductions in the 
electricity sector, effi  ciency improvement covers reductions on 
both the producer and the consumer side of the economy (ex-
cept for electricity generation).6 Th e marginal abatement cost 
curves provide a graphical view of the relative sizes of reduc-
tion potential across these options of CO2 mitigation options, 
and how that varies across CO2 reduction targets and time. 
Although we generated these sets of marginal abatement cost 
curves with a number of constant CO2 price scenarios, they 
correspond to the marginal abatement cost curves that would 
result for a national emissions trading system with a given tar-
get. Th is means that for any given reduction target the curves 
reveal the implied marginal costs (CO2 price) and the set of 
mitigation options employed. Specifi cally, we ran the CO2 price 
scenarios at 10, 20, 30, 40 and 50 EUR per ton of CO2 starting 
in 2005. For the latter three scenarios, the CO2 price is intro-
duced in 2005 at 10 EUR per ton of CO2 and increased to 30, 
40 and 50 EUR respectively by 2010.

As can be seen for the year 2020 in Figure 1 and even more 
pronounced for the year 2040 in Figure 2, mitigation of en-
ergy-system CO2 increases gradually along with time and with 
the CO2 price and has large potential at high CO2 prices (cor-
responding to high CO2 reduction targets). Energy-system 
emissions reductions come from more effi  cient industry and 
household behavior and from fuel switching (the latter includ-
ing effi  ciency increases in the electricity sector). Th ese options 
to reduce emissions are economically viable at relatively low 
CO2 prices and provide a steadily increasing contribution as 
reduction targets become stricter and CO2 prices rise, and as 
time moves on. In addition, CCS is introduced as a mitiga-
tion option aft er 2015. CCS is not economically available at 
low emissions targets and correspondingly low CO2 prices, but 
can be a signifi cant contributor to emissions reduction when 
climate targets require more signifi cant emissions reductions. 

Including CCS in the analysis implies that a given reduction 
target can be achieved a lower marginal costs, especially in the 
longer run. 

For each electricity generating technology that can use CCS, 
one can calculate a break-even CO2 price where the cost per 
kWh of generating electricity is the same with or without CCS. 
At this CO2 price, we assume that half of any new investment 
in that generating technology uses CCS. We have not included 
a retrofi t option for CCS; we assume that all CCS is installed 
on new generating plants. Th erefore, the rate of CCS installa-
tion is limited by the rate that capital stock turns over in the 

6. This implies that output adjustments in response to climate policy in form of, for 
example, production lost to other countries is included in effi ciency improvement. 
Future research would involve a more thorough decomposition of emissions re-
ductions due to fuel switching, supply side effi ciency improvement, demand side 
effi ciency improvement and output adjustment (the latter including, for example, 
leakage to other countries).
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electricity generating sector. Th is can be seen by comparing 
the contribution of CCS to CO2 mitigation over time at rela-
tively strict emissions reductions targets and correspondingly 
relatively high CO2 prices. Figure 2 shows the higher mitigation 
potential of CCS in 2040 compared to 2020. A similar, but not 
quite as pronounced, case can be made for energy effi  ciency 
and fuel switching. Over time, both of these options experience 
an increasing economic potential and can, by 2040 and with an 
ambitious emissions reduction target (20 % compared to the 
base year 1995), contribute to emissions reductions at almost 
equal shares with CCS.

Figure 3 shows emissions reductions and the contribution of 
diff erent mitigation options, i.e. fuel switching, effi  ciency, and 
CCS, for a stepwise CO2 price increase. Such a stepwise increase 
may result with increasing reduction targets in a CO2 policy 
case. Compared to the baseline, such a stepwise CO2 price in-
crease would lead to reductions of up to 150 million tons of 
CO2 by 2030. Over time as more capital retires and new and 
advanced technologies come into place even higher emissions 
reductions can be obtained at the same marginal cost. 

Initially, an increase in energy effi  ciency on the producer and 
consumer side plays the dominant role in achieving emissions 
reductions in response to an increasing CO2 price. As time 
moves on and new technologies become available an increasing 
share is taken up by fuel switching, mainly driven by changes 
in the electricity generation mix as discussed in more detail 
below. Similarly, the introduction of CCS technologies in the 
electricity sector aft er 2015 plays a major role. At a CO2 price of 
50 EUR (year 2025) CCS is economically competitive and takes 
on an increasing share over time. 

Th e analysis shows that all three mitigation options (effi  -
ciency increase, fuel switching, and CCS) respond to a CO2 
policy with varying degrees of sensitivity. An increase in energy 
effi  ciency is stimulated already at low levels of CO2 policy (low 
reduction targets and therefore low CO2 price) and depends on 
the development of energy prices as well as relative prices of 
goods and inputs. Over time as capital retires and with a higher 
CO2 price (corresponding to a higher target) fuel switch adds to 
emissions reductions as does CO2 capture and storage. 

Excluding the option of CO2 capture and storage from the 
analysis reduces overall emissions reductions for any given 
CO2 price path by the amount of CCS related emissions re-
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ductions as shown in Figure 3. Th is implies that for a given 
CO2 price path lower emissions reductions would be achieved 
if CCS was not available. No signifi cant addition in effi  ciency 
improvement or fuel switch would replace CCS. Th is is because 
the eff ect of the CO2 price on unit costs of electricity genera-
tion is the same whether CCS is available or not. Th e share of 
CCS based electricity generation is chosen exactly in a way that 
it breaks even in terms of generation costs with its non CCS 
counterpart. With no diff erence in electricity costs, the eff ect 
on producer and consumer behavior is the same similarly to the 
eff ect on fuel switching. In this sense, effi  ciency and CCS are 
complementary options.

ELECTRICITY SECTOR RESULTS
Th is section provides more detailed results for the electricity 
sector. Figure 4 shows the share of electricity generation by 
technology for a stepwise increase of CO2 price as well as total 
electricity generation for an SGM-Germany baseline through 
year 2050. CO2 capture and storage is assumed not to be avail-
able in this fi rst setting. In the baseline total generation rises 
gradually over time. In the case of a stepwise CO2 price in-
crease, total electricity generation rises initially and then levels 
off  for a period of time as the CO2 price rises. Total electricity 
generation in the policy scenario is lower than in the baseline. 
As electricity prices are already quite high in Germany, the ad-
ditional costs induced by the CO2 price do not have a very big 
impact, thus aff ecting electricity demand only slightly.

New electricity generating technologies are introduced to the 
model beginning in 2015. Th e share of nuclear power is exog-
enously reduced to zero by 2030, refl ecting the German nuclear 
phase out. Wind power subsidized by the German renewable 
energy law rises steadily and accounts for a share of 12 % of 
total electricity generation by 2030 and stays at this level there-
aft er. Advanced wind power that is assumed to not benefi t from 
the renewable energy law accounts for a small share of electric-
ity generation, but its cost per kWh is still high relative to other 
generating technologies. Shares of NGCC and IGCC grow rap-
idly to replace all nuclear power and much of pulverized coal. 
All generating plants are modeled with a lifetime of 35 years.

Figure 5 shows the same set of results as above but with the 
option of CO2 capture and storage included. Again, total elec-
tricity generation is lower in the CO2 price case than in the 
baseline. CO2 capture and storage is introduced aft er 2015, but 
has no market share in the baseline; its share increases with 
the CO2 price and as old generating capital is retired. SGM-
Germany operates in fi ve-year time steps and capital stock is 
grouped into fi ve-year vintages. New capital has fl exibility to 
adjust to a new set of energy and CO2 prices but old capital does 
not. Th erefore, the full impact of a CO2 price is delayed until 
all old capital retires. 

Th e CO2 price in later time periods (50 EUR per ton of CO2) 
is well beyond the breakeven price for CCS with IGCC, so a 
large share of IGCC capacity includes CCS by 2050. A CO2 
price of 50 EUR per t CO2 is below the breakeven price for 
CCS with advanced pulverized coal (PCA) and NGCC, so less 
than half of PCA and NGCC capacity includes CCS by 2050. 
CCS in this scenario applies to new generating plants only, and 
is phased in as old plants retire. With the CO2 price, energy 
technologies that are less carbon-intensive increase their share 
of electricity generation. At lower levels of CO2 prices (20 to 
50 EUR per t CO2), CO2 capture and storage technologies as 
well as advanced wind still come into place, but with a reduced 
share of generation. 

With respect to CO2 emissions in the electricity sector, an 
increasing amount can be reduced over time and with a higher 
CO2 price as the capital stock turns over. Th e largest and most 
increasing share of emissions reduction in the electricity sector 
is taken up by fuel switching as one technology is substituted 
for another, i.e. as natural gas based and wind based electricity 
generation assume a higher share and replace coal-based gener-
ation (compare Figure 4). In addition, a slight decline in overall 
electricity generation takes up a share in emissions reduction. 
Th is decline is due to decreasing demand from subsequent sec-
tors in response to the CO2 price. It thus stands for an effi  ciency 
increase in sectors and processes that use electricity.7 

7. As indicated before, these different electricity sector emissions reductions (with 
the exception of CCS) are included in the mitigation category labeled fuel swit-
ching. 
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Discussion
Our paper assessed the potential for a future deployment of 
CCS in Germany and asked for the interaction with energy ef-
fi ciency. In the following, we will discuss main aspects with 
regard to the expected future of CCS and close with a summary 
of preconditions for a sustainable transition of the electricity 
system –with or without CCS. 

It is likely that CCS will come, most probably as an integrated 
process (no retrofi t). Indicators are increasing R&D activities 
– both nationally and internationally, by governments and by 
industry – and the fact that there are only few principally op-
posed actors. Activities to develop the necessary regulatory 
framework are already underway on an international level, al-
though they are not so much recognized in the German debate. 
For example, the IPCC is currently issuing new guidelines for 
including CCS into national greenhouse gas inventories (Egg-
leston 2006; IPCC 2006). Also, in an October 2006 workshop, 
the International Energy Agency has done intensive work on 
legal aspects (IEA 2006). As recommended by the Working 
Group on CCS under the Second European Climate Change 
Programme (ECCP II), the European Commission is planning 
to issue a Communication on CCS for the second half of 2007 
and to develop draft  legislation for the topics of risk, liability, 
legal barriers and incentives (CCS 2006; Levefre 2006; Dimas 
2006b). 

Our scenario analysis shows that CCS and energy effi  ciency 
could both contribute to higher emission reductions, given a 
signifi cant level of the CO2 price. We conclude that, given an 
unchanged level of other energy policy and research activities, a 
high enough climate target would stimulate both effi  ciency im-
provement and deployment of CCS. Given such a target, over 
time emissions reductions can be achieved at lower marginal 
costs when CCS is included in the analysis. From this perspec-
tive, despite the loss of conversion effi  ciency in electricity gen-
eration induced by CCS, we consider overall energy effi  ciency 
and CCS as complementary or “natural allies”. Th is presumes, 
however, a sensitive R&D policy which does not signifi cantly 
shift  its current focus. In case that CCS diverts too much fund-

ing from energy effi  ciency and renewable technologies, the re-
sult could diff er considerably. 

CCS endorses the idea of fossil fuels – including coal – as 
transitional fuels. CCS may prolong the dominance of the 
current coal-to-electricity path to some 100 years – instead 
of about 40 years as maintained by environmentalists. As CO2 
separation is only viable for large point sources, the current 
structure of centralized coal-fi red power plants will be partly 
conserved. Not all investment is likely to fl ow into such plants. 
How far a mix of central and decentralized options based on 
diff erent fuels is likely to result remains to be investigated. 

Timing is another important issue. With their “three-step” 
concept, industry gives priority to the installation of current 
state-of-the-art plants, so that a large number of conventional 
coal plants will have been installed by 2020, thus reducing fu-
ture CCS potential. Hence, coal has a future in Germany even 
without deployment of CCS. However, contrary to public 
perceptions, there is no “window of opportunity” that strictly 
closes in 2020, the year oft en mentioned as the end of a period 
of necessary massive reinvestment in Germany. It is rather a 
continuous replacement process that allows for a step-by-step 
implementation of CCS aft er 2020. Th is is underlined by our 
scenario analysis given appropriate climate policy measures. It 
will be followed by a slow but steady decommissioning of CCS 
plants towards the depletion of CO2 storage capacities.

Aside from this, CCS is relevant not only for Germany. In 
fact, emerging economies like China and India (and other de-
veloping countries) have even more potential as addressees for 
the deployment of CCS (Watson 2005; Stern 2006; Unruh and 
Carrillo-Hermosilla 2006). Stern (2006) also points out that 
“…CCS is a technology expected to deliver a signifi cant portion 
of the emission reductions. Th e forecast growth in emissions 
from coal, especially in China and India, means CCS technol-
ogy has particular importance. Failure to develop viable CCS 
technology, while traditional fossil fuel generation is deployed 
across the globe, risks locking-in a high emissions trajectory.” 
For Germany, this opens up new perspectives for power plant 
industry – a new export market can be developed. To this end, 
technology development and implementation in Germany is an 
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important step. However, whether CCS will take off  in emerg-
ing economies ultimately depends on the climate regime.

To summarize, the somewhat provocative title of this paper 
turns out to be exaggerated in both directions. Th ere is no eco-
nomic reason to exclude CCS from mitigation strategies. Given 
the speculative nature of technology forecasts, a sensitive re-
search and mitigation policy strategy must include all other op-
tions. More R&D on geological and other environmental risks 
is required, in order to gain a realistic idea about its potential. 
For example, EOR and EGR appear to be well-researched, but 
saline aquifers leave a number of open questions with respect 
to underground chemical impacts and leakage. In any case, 
CCS should not be considered a magic bullet but as one op-
tion within a broad portfolio of climate protection measures, 
competing for their implementation. Such a broad portfolio 
allows to choose those options with lowest CO2 mitigation 
cost. CCS can assume a specifi c role within that portfolio as a 
bridging technology during a transition from a carbon-based 
towards a carbon-free electricity system. In Germany, but also 
elsewhere, CCS is only likely to start playing a more signifi cant 
role aft er the year 2020 or even later, mainly depending on the 
CO2 price. 

For this to come, a clear and reliable policy framework needs 
to be in place to develop the portfolio of technologies and al-
low for a transition towards a low-carbon or even carbon-free 
future. Such a framework consists of four core elements. First 
and foremost, electricity and energy prices must refl ect envi-
ronmental cost. For this, clear and stringent climate targets are 
needed, so that CO2 has a price and CO2 emissions become a 
relevant cost factor. Th is stimulates the development of effi  cien-
cy and renewable technologies, and also of CCS. In case that 
the economic incentives do not trigger the desired outcome, 
it needs to be discussed whether, similarly to the case of SO2, 
new coal-based power plants could be obliged to include CCS. 
Secondly and respectively, a precondition for CCS is a well-de-
veloped regulatory and institutional system, in order to ensure 
a secure operation and monitoring of storage sites, to prevent 
leakage and to regulate liability issues. Secure operation needs 
to be made a precondition for CCS implementation. Th irdly, 
public funding for CCS is needed to explore its potential. It is 
important, though, that CCS should not crowd out research on 
and investment in renewable energies or energy effi  ciency. A 
sensible decision could be to focus public involvement on ba-
sic research and on issues of public interest, like storage safety, 
while leaving commercial development of capture technologies 
as a task for industry R&D. An appropriate funding policy must 
also ensure the development of technologies that are not yet 
economic today, but may be needed in the future to combat 
climate change or replace scarce and environmentally prob-
lematic fossil fuels. Last but not least, aspublic acceptance is an 
important aspect of a future deployment of CCS, any strategy to 
implement CCS needs active and open public outreach activi-
ties, combined with a well-developed regulatory framework. 

Th is paper could only touch upon a number of issues that 
deserve to be treated in more detail in future research. In par-
ticular, likely investment decisions up to 2020 and their de-
pendence on climate and energy policy are major issues to be 
investigated in more depth. Also, such policies may trigger 
innovation and learning eff ects within industry and business 

that are not captured in conventional (economic) indicators.  
Th e scenario analysis does not investigate research and devel-
opment eff orts and the potential diversion of R&D investment 
in response to climate policies. Moreover, it does not allow 
any conclusion about the desirability of CCS. Also, leakage, in 
form of production and inherent emissions lost to other coun-
tries, and energy effi  ciency, in particular in private households, 
would deserve to be modeled in a more detailed form. 

Acknowledgements
Th e paper reports on a case study within the research program 
on “Transformation and Innovation in Power Systems” (www.
tips-project.de). Th e description of CCS actors and activi-
ties is based on an earlier publication co-authored by one of 
the authors (Fischer and Praetorius 2006). We would like to 
thank Corinna Fischer, Friedrich Seefeldt and two anonymous 
reviewers for valuable comments. We gratefully acknowledge 
funding of our research by the German Ministry for Educa-
tion and Research (BMBF) within its socio-ecological research 
framework (SÖF). 

References
BMWI (2006), Energiedaten. Berlin, Federal Ministry of 

Economics and Technology (BMWI). 
Carbon, P. (2006), UK treasurer dashes CCS hopes in green 

budget. http://www.pointcarbon.com/article19328-881.
html?articleID=19328.

CCS, W. G. o. (2006), Report of Working Group 3: Carbon 
Capture and Geological Storage (CCS). Th e Second Euro-
pean Climate Change Programme. Final Report. http://fo-
rum.europa.eu.int/Public/irc/env/eccp_2/library?l=/geo-
logical_storage/fi nal_reportdoc/_EN_1.0_&a=d.

Commission (2004), European CO2 Capture and Storage 
Projects.  European Commission, Directorate-General 
for Research, Directorate J - Energy, Unit J2 - Energy 
production and distribution systems. http://ec.europa.
eu/research/energy/pdf/co2capt_en.pdf.

Commission (2006), A vision for zero emission fossil fuel 
power plants. Report of the European Technology 
Platform for Zero Emission Fossil Fuel Power Plants. 
Brussels, DG Research. http://ec.europa.eu/research/en-
ergy/pdf/zero_emission_ff pp_en.pdf.

COORETEC (2003), Forschungs- und Entwicklungskon-
zept für emissionsarme fossil befeuerte Kraft werke. 
Berlin, BMWA (Bundesministerium für Wirtschaft  und 
Arbeit). http://www.fz-juelich.de/ptj/projekte/datapool/
page/1329/doku527.pdf.

Curry, T. E. (2004), Public Awareness of Carbon Capture and 
Storage: A Survey of Attitudes toward Climate Change 
Mitigation, M.I.T. http://sequestration.mit.edu/bibliogra-
phy/policy.html.

Dadhich, P., J. Dooley, Y. Fujii, O. Hohmeyer and K. Riahi 
(2005), Cost and Economic Potential. In: Special Report 
on Carbon Dioxide Capture and Storage. Ed. by IPCC.

Dietrich, L. and S. Bode (2005), CO2-Abscheidung und 
Ablagerung (CAA): Ordnungsrechtliche Aspekte und 
ökonomische Implikationen im Rahmen des EUEmissi-
onshandels. Hamburg, HWWA. 

7,037 PRAETORIUS, SCHUMACHER



PANEL 7. MAKING INDUSTRIES MORE ENERGY EFFICIENT

 ECEEE 2007 SUMMER STUDY • SAVING ENERGY – JUST DO IT! 1411     

7,037 PRAETORIUS, SCHUMACHER

Dimas, S. (2006a), Answer of Commissioner Dimas on behalf 
of the European Commission to Question No. E-0075/06 
by Member of European Parliament Daniel Caspary, 
10.06.2006, Document of the European Parliament, 
P6_RE(2006)0075.

Dimas, S. (2006b), Speech at the General Assembly of the 
Technology Platform on Zero Emission Fossil Fuel Power 
Plants,12 September 2006. Brussels. http://europa.eu/rap-
id/pressReleasesAction.do?reference=SPEECH/06/492.

Eggleston, S. (2006), Estimation of Emissions from CO2 
Capture and Storage: the 2006 IPCC Guidelines for 
National Greenhouse Gas Inventories. Presentation at the 
UNFCCC workshop on carbon dioxide capture and stor-
age, May 20th, 2006, Bonn. Bonn. http://unfccc.int/fi les/
meetings/workshops/other_meetings/2006/application/
pdf/ccs_20060723.pdf.

EU (2007), An Energy Policy for Europe. Communication 
from the Commission to the European Council and 
the European Parliament, COM (2007), draft . Brussels, 
European Commission. http://ec.europa.eu/energy/ener-
gy_policy/index_en.htm.

Fischer, C. and B. Praetorius (2006), Carbon Capture and 
Storage: Settling the German Coal vs. Climate Change 
Dispute? TIPS Discussion Paper. Berlin. 

GESTCO (2004), Geological Storage of CO2 from Combus-
tion of Fossil Fuel. Summary Report. http://www.geus.
dk/program-areas/energy/denmark/co2/GESTCO_sum-
mary_report_2ed.pdf.

Idrissova, F. (2004), Life Cycle Assessment of Selected Carbon 
Dioxide Capture, Transportation and Storage Options 
from Coal-fi red Power Plants. Heidelberg, Heidelberg.

IEA (2004), Prospects for CO2 capture and storage. Paris, 
International Energy Agency.

IEA (2006), 2nd IEA Workshop on Legal Aspects of Storing 
CO2. Paris, International Energy Agency. http://www.iea.
org/textbase/work/workshopdetail.asp?WS_ID=235.

IPCC (2005), Carbon Dioxide Capture and Storage. http://
arch.rivm.nl/env/int/ipcc/pages_media/SRCCS-fi nal/
IPCCSpecialReportonCarbondioxideCaptureandStorage.
htm.

IPCC (2006), IPCC Guidelines on National Greenhouse Gas 
Emission Inventories, In press.

Kharaka, Y., D. R. Cole, S. D. Hovorka, W. D. Gunter, K. G. 
Knauss and B. M. Freifeld (2006), “Gas-water-rock inter-
actions in Frio Formation following CO2 injection: Impli-
cations for the storage of greenhouse gases in sedimentary 
basins.” Geology 34: 577-580.

Levefre, J. (2006), Towards an EU Policy Framework for CCS. 
UNFCCC workshop on carbon dioxide capture and stor-
age, Bonn. http://unfccc.int/fi les/meetings/sb24/in-ses-
sion/application/pdf/jl_ccs_presentation_20_may_bonn.
pdf.

Linßen, J., P. Markewitz, D. Martinsen and M. Walbeck 
(2006), Zukünft ige Energieversorgung unter den Rand-
bedingungen einer großtechnischen CO2-Abscheidung 
und Speicherung. Berlin, BMWI (Bundesministerium für 
Wirtschaft  und Technologie).

Martinsen, D., J. Linssen, P. Markewitz and S. Vögele (2007), 
„CCS: A future CO 2 mitigation option for Germany? A 
bottom-up approach.” Energy Policy 35: 2110–2120.

Matthes, F. C. and H.-J. Ziesing (2003), Investitionsoff ensive 
in der Energiewirtschaft  - Herausforderungen und Hand-
lungsoptionen. Kurzstudie für die Bundestagsfraktion 
Bündnis 90/Die Grünen. Berlin. www.gruene-fraktion.
de/cms/energie_klima/dokbin/35/35004.pdf.

Odyssee (2006), Energy Effi  ciency Profi le: Germany, Co-
ordinated by ADEME. http://www.odyssee-indicators.
org/Publication/country%20profi les%20PDF/rfa.pdf.

Odyssee (2007), Energy effi  ciency indicators for Europe. 
2007. http://www.odyssee-indicators.org/.

Pehnt, M. (2005), Environmental Impacts of Future Energy 
Systems. Risø International Energy Conference, Roskilde. 
http://www.tips-project.de/download/mp_Future_En-
ergy_Systems_Risoe_Paper.pdf.

Perkins, R. (2003), Technological „lock-in“. Internet Encyclo-
paedia of Ecological Economics., International Society for 
Ecological Economics. http://www.ecoeco.org/publica/en-
cyc_entries/TechLkIn.pdf.

Radgen, P., C. Cremer, S. Warkentin, P. Gerling, F. May and S. 
Knopf (2006), Verfahren zur CO2-Abscheidung und -De-
ponierung. Dessau, Fraunhofer Institut für Systemtechnik 
und Innovationsforschung (ISI) and Bundesanstalt für 
Geowissenschaft en und Rohstoff e (BGR).

Schumacher, K. and R. D. Sands (2006), „Innovative Energy 
Technologies and Climate Policy in Germany.“ Energy 
Policy 34 (18): 3929-3941.

Stern, N. (2006), Stern Review on the Economics of Climate 
Change. Cambridge, UK.

UBA (2003), Anforderungen an die zukünft ige Energiever-
sorgung - Analyse des Bedarfs zukünft iger Kraft werks-
kapazitäten und Strategie für eine nachhaltige Strom-
nutzung in Deutschland. Berlin, Umweltbundesamt. 
http://www.umweltbundesamt.org/fpdf-l/2374.pdf.

UBA (2006), Technische Abscheidung und Speicherung 
von CO2 - nur eine Übergangslösung. Positionspapier 
des Umweltbundesamtes zu möglichen Auswirkungen, 
Potenzialen und Anforderungen. Dessau, Umweltbundes-
amt. Climate Change Nr. 04/2006.

Unruh, G. C. (2000), „Understanding carbon lock-in.“ Energy 
Policy 28 (12): 817-830.

Unruh, G. C. (2002), „Escaping carbon lock-in.“ Energy 
Policy, 30 (4): 317-325.

Unruh, G. C. and J. Carrillo-Hermosilla (2006), „Globalizing 
carbon lock-in.“ Energy Policy 34 (2006): 1185-1197.

Watson, J. (2005), Advanced Cleaner Coal Technologies for 
Power Generation: Can they deliver? Paper presented at 
the 2005 BIEE Academic Conference: European Energy 
- Synergies and Confl icts. Oxford.

WBGU (2003), World in Transition: Towards Sustainable 
Energy Systems. London, Earthscan. London, WBGU 
(German Advisory Council on Global Change).

WI (2006), Optionen und Potenziale für Endenergieeffi  zienz 
und Energiedienstleistungen. Wuppertal, Wuppertal 
Institut für Klima, Umwelt, Energie. 

WI, DLR, ZSW and PIK (2004a), Ökologische Einordnung 
und strukturell ökonomischer Vergleich regenerativer 



7,037 PRAETORIUS, SCHUMACHER

1412 ECEEE 2007 SUMMER STUDY • SAVING ENERGY – JUST DO IT!

PANEL 7. MAKING INDUSTRIES MORE ENERGY EFFICIENT

Energietechnologien mit anderen Optionen zum Klima-
schutz, speziell der Rückhaltung und Speicherung von 
Kohlendioxid bei der Nutzung fossiler Primärenergien. 
First Interim Report. Wuppertal, Stuttgart, Potsdam, 
Bundesministerium für Umwelt, Naturschutz und Reak-
torsicherheit.

WI, DLR, ZSW and PIK (2004b), RECCS. Strukturell-ökono-
misch-ökologischer Vergleich regenerativer Energietech-
nologien (RE) mit Carbon Capture and Storage (CCS). 
First Interim Report. Wuppertal. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


