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With or Without CCS?
Decarbonising the EU Power Sector
Kristin Reichardt1, Benjamin Pfluger1, Joachim Schleich1, Hans Marth1

Carbon capture and storage technologies are
assumed to contribute significantly to
decarbonising the EU power sector by 2050.
Findings from case studies carried out within the
RESPONSES project suggest that, unless there
are substantial changes in key EU and national
policies, the role of CCS in achieving EU climate
targets will be marginal at best. The results of
policy scenarios carried out using a detailed EU
power sector model imply that, without CCS as
an option, investments in other technologies
have to be made earlier, in particular in nuclear
and electricity storage facilities. The annual
costs of not having CCS as an option in the
power sector increase gradually but do not
exceed 2.5% of total power system costs under
the scenario assumptions.

Introduction
To limit the increase in the mean surface
temperature to 2°C above pre-industrial levels
by 2100, the EU plans to reduce greenhouse gas
(GHG) emissions by at least 80% until 2050
compared to 1990 levels. The EU’s power sector
accounts for one third of European CO2
emissions and is considered the key sector for
efforts to meet this target. The European
Commission’s Energy Roadmap 2050 and the

Low Carbon Roadmap both foresee an almost
complete decarbonisation of the EU power
sector by 2050. This target could be achieved
with different mixes of low-carbon generation
technologies: renewables, carbon capture and
storage (CCS), and nuclear. Notably, according to
the EU Energy Roadmap, CCS-equipped coaland gas-fired power plants will account for 19%
to 32% of EU power generation in 2050. In this
Policy Update we assess the potential for CCS to
make a significant contribution to a future lowcarbon power sector. These findings are based
on in-depth case studies and detailed modelling
analyses of the EU power sector.

Current policy framework is not
sufficient to foster CCS
innovation
To analyse the effects of the current EU policy
framework on innovations (development,
demonstration and deployment) in CCS
technology for the power sector, case study
interviews were carried out with representatives
of technology providers and power generators
active in the German CCS market. The main
policy drivers and barriers for CCS innovation
activities in the different phases of innovation
are illustrated in Figure 1.
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Figure 1: Policy mix elements and their effects on CCS innovation (development and
demonstration) in Germany

Allowances (EUAs) from the New Entrants’
Reserve of the EU ETS (NER 300).

Regarding policy drivers, international climate
policies initiated early technology development.
These policies include the EU Emissions Trading
System (EU ETS) and long-term EU and national
GHG emissions reduction targets, such as the EU
targets for 2020 and 2050. R&D support
schemes for CCS also spurred activities. In
Germany, the COORETEC initiative (initiated in
2004) has driven firms’ activities in this early
innovation phase. Similarly, at EU level, more
recent funding for demonstration activities has
come from the European Energy Programme for
Recovery (EEPR) and from auctioning off EU

These programmes complement climate policies
by funding concrete CCS innovation activities by
technology providers and power generators.
Besides financial support, these R&D
programmes also send the signal that CCS
development is being pushed politically. Both
financial and political support has proven
conducive to technology development.
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passed a law governing the storage of CO2, there
is no legal basis for CO2 storage. This regulatory
gap together with a lack of social acceptance
currently prevents larger scale CCS innovation
activities in Germany, including demonstration
projects. As a result, the first full-scale German
CO2 capture project planned by Vattenfall in
Jaenschwalde has been terminated.

However, several barriers within the policy mix
have recently slowed down CCS innovation
activity, calling into question the planned
contribution of CCS to a low-carbon power
system in the EU. At EU level, the major barriers
are the low price of EUAs and uncertainty about
future prices, as well as uncertainty about
emission targets for the EU within a future
international climate policy agreement. In
addition, because of national administrative
procedures, some CCS projects were not able to
meet the application and implementation
deadlines set by the EU’s EEPR and NER 300
programmes. In response to these factors,
several firms have substantially decreased their
CCS technology demonstration activities.

The current policy framework for CCS therefore
does not foster technology innovation, a
necessary step to achieve commercial viability of
CCS in the power sector. Table 1 identifies
possible adjustments to existing policies and
options for new ones to spur innovation in CCS
in the EU. Without changes to the policy
framework, CCS is unlikely to play a major role in
GHG emissions reductions from the EU power
sector.

Within Germany, the failure to implement the
EU CCS Directive has been identified as the main
barrier to CCS. Since Germany has not yet
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Table 1: Suggestions for policy adjustments to foster innovations in CCS technologies
Reason for
policy adjustments
Deployment of CCS not
profitable

Relevant actor

Possible policy adjustments

EU

1) Shorten supply of emission allowances to raise the price
of EUAs (e.g. permanently withhold EUAs from the market
in 2013-2020).
2) Implement more ambitious GHG emission reduction
targets within the EU ETS.
3) Introduce a floor price for EUAs high enough to spur CCS.
4) Replace EU ETS by a carbon tax high enough to spur CCS.
5) Introduce a feed-in tariff for electricity generated in
power plants equipped with CCS.
6) Subsidise deployment of CCS.

Lack of long-term
Policy signals

EU

1) Set an EU 2020 emissions reduction target and decide
which low-carbon measures to implement to increase
policy predictability.
2) Introduce ambitious binding milestone targets for 2030
and 2040 (at EU and at sectoral level) to increase policy
predictability.
3) Decide on successor to the Kyoto Protocol.

UNFCCC

No regulation of CO2
storage in Germany

National
government

Pass CCS law implementing EU CCS Directive (DIR
2009/31/EC) to reduce regulatory risks for investments.

Without CCS, low-carbon power
system costs are higher and
early investments in alternative
technologies are required

option. In line with the Energy Roadmap 2050
and the Low Carbon Roadmap, CO2 emissions in
the EU power sector are cut by 95% by 2050
compared to 1990 levels in both scenarios. This
corresponds to a reduction of CO2 emissions to
75 Mt in 2050. In the No CCS scenario, CCS is not
available; otherwise the scenarios are identical
and electricity demand, fuel prices and
electricity generation from renewable energies
do not differ between the scenarios. In both
cases, the decarbonisation is triggered by
ambitious targets for renewable energies and an
increase in the price of EUAs to 95 EUR2010 in
2050. The resulting generation mixes are
presented in Figure 2 for both scenarios.

Scenario modelling analyses explored alternative
technology pathways and estimated the system
costs for the power sector with and without CCS.
The PowerACE modelling framework was
applied to analyse two policy scenarios:
Strengthened intensities and No CCS. The former
analyses to what degree the ambition levels of
currently implemented policies have to be raised
in order to meet climate targets, the latter
pursues the same goal without having CCS as an
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Box 1: The PowerACE modelling framework
The modelling framework consists of two models covering the EU-27 power sector (plus Norway and
Switzerland): PowerACE-ResInvest and PowerACE-Europe.
PowerACE-ResInvest models the investment decisions in renewable technologies until 2050. The
modelling recognises that the diffusion of renewable energies is currently policy-driven rather than
market-based. Hence, future developments are not optimised, but are derived from a simulation
based on cost-potential curves, detailed information about existing support schemes and current
national RES-E targets.
The resulting scenarios are used by PowerACE-Europe, which simulates the electricity system in every
hour of the years 2020, 2030, 2040 and 2050. It calculates the least-cost solution for meeting demand
in every hour by optimising the investments in and the utilisation of power generation technologies,
grids and storage facilities in different scenarios. PowerACE-Europe relies on very detailed weather
data for every hour of a year, implicitly capturing correlations between weather zones and the
complementarity of wind and solar power.
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Figure 2: EU27+2 electricity generation in the Strengthened intensities (SI) and No CCS scenarios
by major technologies (reaching 95% GHG emissions reduction by 2050)
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renewables, nuclear power plants fail to achieve
the utilisation rates necessary to recover their
high fixed costs. Alternatively, a substantial
amount of electricity generated by renewables
would have to be curtailed. Alternatively, a
significant share of the gap would have to be
covered by high-cost storage technologies. In
the No CCS scenario, most generation from CCS
plants is replaced by nuclear power and
complemented by gas power plants. In addition,
15 GW of electricity storage facilities have to be
built to compensate the lower flexibility of
nuclear power. Together with higher costs for
enhancing the grid infrastructure, these
additional investments lead to increased energy
system costs compared to the Strengthened
intensities case, amounting to 11.8 bn EUR2010 in
2050. This increase is equivalent to 2.0% to
2.5% of the total power system costs in the
Strengthened intensities scenario.

In the Strengthened intensities scenario, the
deployment of CCS is driven by fuel prices, the
EUA price and capital costs. Investing in CCS is
attractive because the EUA price is high. This
leads to a rapid diffusion of CCS technologies
from 2020 on. As depicted in Figure 2, the
largest share of generation from fossil fuels in
2050 is from power plants equipped with carbon
sequestration1. In total, CCS plants supply 12%
of Europe’s electricity demand in 2050. The
ability of CCS-equipped coal and gas power
plants to supply the medium load segment costefficiently turns out to be essential: over
140 GW of CCS power plants are installed in
2050, running between 2,500 and 5,000 hours
per year.
The modelling results also suggest that the
emission targets are not endangered if only a
small number of countries ban CCS, because
neighbouring countries which permit CCS can
step into the breach. Finally, how much CCS can
contribute to a decarbonisation of the EU power
sector hinges on the capture rate, i.e. the share
of CO2 emissions from fossil-fuelled power
stations, which is actually captured (see Box 2).

Box 2: The impact of the CO2 capture rate
on the role of CCS

The No CCS scenario shows that meeting the
ambitious reduction targets for the EU power
sector is technologically and economically
challenging without CCS. Since dispatchable
renewable energy sources to meet electricity
demand like hydropower and biomass are
almost fully exploited, only two major
technological alternatives remain for supplying
low- or no-carbon electricity: nuclear power
and/or a combination of renewable energies
and electricity storage facilities. Both options are
more costly than CCS. Nuclear power plants are
not good substitutes for fossil-fuelled plants
with CCS. With a high share of fluctuating
generation due to the high penetration of

The Strengthened intensities scenario
assumes that CCS technologies capture
between 87% and 92% of the associated CO2
emissions. The actual capture rate depends
on the applied technology and may be much
lower, in particular for coal power plants
that are retrofitted with CCS. If, for example,
an average capture rate of 90% is reached,
the modelling results suggest that CCS in
power generation will not exceed 15%
(corresponding to 65 Mt CO2) since gas-fired
power plants used to satisfy peak demand
emit about 10 Mt of CO2.

1

Nevertheless, a large number of open-cycle gas
power plants are built without CCS as “back-up”
capacity, totalling over 130 GW of installed capacity
in 2050 and only running for a few hundred hours
throughout the year.
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Additional costs could be significantly higher if
CCS turns out not to be a viable option early on.
In this case, or in the case of delayed CCS
diffusion, investments in coal power plants
would either threaten compliance with climate
targets or would end up as stranded
investments. The challenges of a No CCS
scenario would be reduced if electricity demand
drops, for instance due to energy efficient
policies. A lower electricity demand permits a
generation mix with smaller shares of
fluctuating renewable energies and sluggish
nuclear power plants.

Conclusions
CCS could be a major pillar of Europe’s
decarbonisation strategy. Low economic
incentives, regulatory uncertainty, and lack of
political support and public acceptance have
slowed down CCS technology development.
Either rapid changes are made in EU and
national policies to overcome these barriers, or
CCS is unlikely to play the role envisaged in the
EU decarbonisation strategy. Decarbonisation is
also feasible without CCS, but comes at higher
economic costs for the energy sector, and also
presumes social acceptance of additional
investments in nuclear power, grid
infrastructure and storage capacities.
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