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1 Introduction
Carbon Capture, (Transport) and Storage (CC(T)S) is often cited as a possible – if not necessary –
technology to reduce climate-harming greenhouse gas emissions from human activities. However, the
technology is still in its infancy: there is still uncertainty on its exact applicability to the various CO2
emitting processes, on its scalability and its costs in commercial use, but also on the safety of long-term
underground storage of CO2.
Due to the obvious need for further R&D and R&D support, the technology is also included in the SET
Plan. Our project wants to inform the SET Plan process by providing sound scientific analysis on current
and future perspectives of innovative energy technologies. We have therefore carried out, i.a., a case
study on the role of CCTS for the energy system. This issue paper is part of the case study and presents
background information as well as first results of the case study.
Our foci of analysis are the infrastructure needs and system costs related to the use of CCTS. We will first
examine the perspectives of CCTS use in the electricity sector, where this technology is most
prominently discussed. However, the experience of the last 20 years shows that the technology is not
mature for use in the electricity sector and that it was bypassed in terms of cost reductions by other lowcarbon generation technologies, namely renewable – photovoltaic and (offshore) wind – generation.
Hence, we will argue that we need to extend our analysis to the industry (manufacturing) sector. There,
for several processes, there are only a few – if any – alternatives to CCS in order to achieve
decarbonization of industrial production.
In our case study, we use an innovative and unique quantitative framework to analyse the perspectives of
CCTS in Europe until 2050. We bring together and link four state-of-the-art numerical and simulation
models of the relevant sectors for a holistic quantitative analysis. The electricity dispatch model EMPIRE
and the industry model FORECAST-Industry provide information on CO2 capture in the electricity and
industry sectors under various climate pathways and cost scenarios. The CCS infrastructure model
CCTSMOD calculates CO2 pipeline and storage infrastructure needs and associated costs. The electricity
grid model TEPES calculates alternative grid topologies and grid infrastructure costs, depending on the
decarbonization options used in the electricity sector. In this issue paper, we demonstrate model linkage
with first results based on the EU Reference Scenario 2016 (EC, 2016) and the decarbonization Scenario,
both run by PRIMES.
This issue paper introduces the topic of CCTS and provides an overview of the current topics and
challenges. It explains the technology, the current and prospective uses and the regulatory situation in
Europe. The companion case study report (SET-Nav Deliverable D6.8) will include the case study results
from the four models.

2 What is CC(T)S?
The idea that CCTS provides a solution towards a sustainable development of global energy systems
emerged in the late 1990s. The general public learned about it through the Intergovernmental Panel on
Climate Change (IPCC) special report on “Carbon Dioxide Capture, and Storage” (IPCC, 2005). As a onesize-fits-all solution, the technology promised to resolve the key challenges of decarbonization by
providing i) low CO2 electricity without the negative side effect of volatility of renewable energy; ii) a
decarbonization option for energy-intensive industries; and iii) the possibility to generate so-called
“negative” emissions when combining the CCTS with biomass. The solution has appeared attractive as
CCTS employment would allow the continued use of the present conventional fossil fuel electricity
systems without much need for restructuring – or change of lifestyle. However, the situation has
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fundamentally changed by now with the strong reduction of costs of other low-carbon electricity
generation technologies, namely renewable generation technologies such as photovoltaics and offshore
wind.

2.1 The CCS value chain: the often forgotten role of CO2 transport
As the most commonly used abbreviation “CCS” indicates, the sequestration of CO2 from exhaust and
the prevention of it being emitted to the atmosphere takes place within a “value chain” of several
processes. CCS means that there is carbon capture and carbon storage. Moreover, it is necessary to
consider the carbon (CO2) transport to bring the CO2 from the capture site to the storage sites
(Hirschhausen, et al., 2010).The abbreviation CCTS can, hence, also be found in the literature, e.g. Oei,
Mendelevitch, & Herold (2014). Figure 1 gives an exemplary overview of the CCTS value chain described
in the following.
CCS has been very prominent in the discussions on mitigating emissions from fossil-fuel based power
generation. Coal or natural gas fired power plants could be coupled with carbon capture which would
allow to continue using these conventional generation technologies. Increasingly, it is also discussed to
apply carbon capture to power plants running on biomass. However, CCS power plants would have to
compete with other low-carbon electricity generation options, namely wind and solar power. Unlike CCS,
these technologies have experienced a rapid cost decrease in the past decades.

Source: IPCC (2005) (Courtesy of CO2CRC)

Figure 1: The CCTS value chain
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CCS is also discussed as an option to address emissions from industry where, in contrast to the electricity
sector, it proves to be harder (if not impossible for some industrial processes) to find alternative lowcarbon technologies. Alternatives are often not technically mature or they are not as cheap as PV or wind
for electricity generation. For example in the steel industry, the currently dominant production route is
the production of “oxygen steel” where coal is used to generate heat and to reduce iron ore into iron.
Resulting CO2 emissions within the oxygen steel route cannot be mitigated below a certain minimum use
of coal. CCS is a possible solution to mitigate the corresponding emissions. However, also switching to a
different type of steel can reduce emissions. This includes the production of “electric steel” from recycled
steel scrap but also new technologies like direct reduction which can use hydrogen (H2) from renewable
energy sources.
However, with stringent climate goals, industry – just as the rest of the economy – will also be required to
abandon its current carbon-intensive processes. The industrial sectors for which CCS can be considered
as a possible mitigation technology are cement / clinker (20% of industrial emissions in the EU in 2015),
refining of mineral oil (22%) and the chemical industry (14%).
CO2 that is captured in power plants or industrial plants then needs be transported to a site of
(permanent) lock-in. CO2 conditioned to a super-critical state can be transported like natural gas or crude
oil. While tankers are an option for transporting smaller quantities, pipeline transport is more economic
for large-scale transport (Geske, Berghout, & van den Broek, 2015) (Geske, Berghout, & van den Broek,
2015). This part of the CCTS value chain needs to be taken into account when analyzing the perspectives
of the technology. The transportation stage incurs investment costs for pipeline infrastructure – which
are the major share of transport costs of CO2 – as well as operating costs from compressor stations and
maintenance (Oei, Herold, & Mendelevitch, 2014).
The last step of the value chain is storage in a suitable reservoir. Prerequisite for long-term CO2 storage is
an appropriate (permeable) geologic structure that can accommodate the CO2 and that is sealed by nonpermeable rock (Figure 2). Candidate geological structures include oil fields, gas fields, saline aquifers,
and coal beds. Current CCTS projects with permanent CO2 storage all use saline aquifers (IEA, 2016).
While CO2 injection has been practiced in the oil and gas industries since the mid-1990s, experience with
respect to the long-term environmental impact of permanent storage are limited. Due to high specificity
of each potential storage site, estimates of storage potential and associated costs are associated with
high uncertainty. Given public opposition to on-shore storage in many European countries, the remaining
option is offshore storage (see Figure 4) which is more expensive and less researched yet (Hirschhausen,
Herold, & Oei, 2012). Storage capacity is effectively constraining the use of CCS and its scale of
employment. The limited storage capacity also puts a constraint on the ability to recover the –
potentially high – upfront investment costs. This is of course only valid under the assumption that no
other viable option for CO2 storage or use is found.
CO2 storage could be accompanied by CO2 reuse (carbon capture use and storage CCUS), which means
to use captured CO2 as a value adding process for another process. The largest potential of re-use is
associated with EOR (Enhanced Oil Recovery), followed by the chemical industry (e.g. urea yield
boosting) and the food and beverages industry (Global CCS Institute, 2011). Additional developing
technologies might add to an increased CO2 use in the future. The conversion from CO2 to fuel belongs to
this group of technologies, which is subject to ongoing research. Others are the use of CO2 in enhanced
coal bed methane recovery, as a working fluid in enhanced geothermal systems, as feedstock in polymer
processing, or for algae cultivation. These technologies still need to be further developed and proven in
real world pilot or demonstration scale applications. Although CO2 reuse has very limited total potential
in impacting global CO2 abatement, it can generate modest revenues for near term CCTS projects. While
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CO2-EOR might support a potential CCTS roll-out, other technologies have not yet reached maturity and
won’t be available in the near-term (Global CCS Institute, 2011). We, therefore, include CO2-EOR in our
case study.

Source: Zero Emissions Platform

Figure 2: Storage types for sequestered CO2 (schematic picture)

2.2 CO2 capturing technologies
CO2 is captured at point emission sources where it is “produced” from combusting fossil (carbohydrate)
fuels in a heat generation processes in power plants and industrial plants. 1 We broadly distinguish three
capturing technologies (see Figure 3 and (Gibbins & Chalmers, 2008)):
•
•
•

Pre-combustion capture
Post-combustion capture
Oxyfuel combustion capture

The capturing technologies vary with respect to the moment when the CO2 (respectively, the carbon) is
withdrawn from the combustion process and with respect to the chemical reaction that is used in the
combustion process. The capturing technologies, hence, also vary in the degree of complexity that they
add to the original combustion process and, therefore, to the original industrial process. Eventually, they

1

CO2 may also be captured from other processes than combustion. Indeed, CO2 may also arise naturally underground, e.g.
in natural gas fields. If the natural gas is extracted and to be injected in the natural gas pipeline grid, the CO2 has to be
removed during the natural gas processing. This case is not discussed in this paper.
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also vary with respect to the degree of CO2 removal. No technology can capture 100% of the CO2
emissions; the capture rates vary are in the range of 80 – 92%. All three technology types are still subject
to research and development; in particular their applicability and costs at commercial scale are yet to be
fully understood.

Source: Adapted from (Oei, 2016), based on (Fischedick, Görner, & Thomeczek, 2015)

Figure 3: CO2 capturing technologies in the CCS value chain

The post-combustion capturing technology requires the least modification to the original process
because it “only” adds the CO2 separation process from the exhaust gas. The original combustion process
is not touched. CO2 is separated from the flue gas by a scrubbing process. The relative ease with which
post-combustion capturing can be added to already existing combustion processes makes this a very
likely candidate for deployment, in particular for retrofitting existing power plants and manufacturing
plants. However, the capture rates can be lower than for the other two capturing technologies.
Pre-combustion capture and oxyfuel capture require larger modifications to the original combustion
process. Pre-Combustion technology relies on a pre-treatment, namely, a gasification of the fuel before
combustion. The oxyfuel process works by withdrawing air and at the same time adding oxygen (O2) to
the combustion process, so that pure CO2 is obtained as flue gas after the combustion. This CO2 flue gas
is then captured. The capture rates of pre-combustion and oxyfuel capture are between 87%- 92%.
Industrial applications where process-related CO2 emissions occur (e.g. cement and lime production) are
not suitable for pre-combustion.
Pre-treatment of fuel, air separation or thermodynamic reconfiguration of the combustion process all
entail substantial reductions in process efficiency, typically up to one-third of the reference levels without
capture facilities. In other words, all three capture technologies come with a so-called energy penalty.
This means that they require more fuel use in order to produce the same amount of energy (heat,
electricity) in the combustion process. The energy penalty varies between 5% and 13% (percentage
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points of efficiency loss). Moreover, they come with additional upfront- and operational costs that need
to be taken into account.

3 Status quo of CCS deployment (globally)
Given the large role that CCS has played in the public discussions, the number of actually running CCS
projects at commercial scale is surprisingly low. Table 1 shows all currently operated CCS projects
worldwide (as of February 2018). Out of a total of 17 projects, only two are in the most prominently
discussed power sector. Both projects are in North America (Canada and USA) and are associated with
EOR.
Most current CCS projects can be found in natural gas processing (8 projects) which means that they
capture naturally occurring CO2 in extracted natural gas. This technology has been used for a long-time,
with the first project starting operation in 1972. The only running CCS project in Europe is also a natural
gas processing project (capturing CO2 from the Sleipner offshore natural gas field in Norway). Capturing
costs are low in natural gas processing and re-using the CO2 in enhanced oil or gas recovery even brings
additional revenue.
Capture of CO2 from industrial emission sources also has a rather long history, with the first CCS project
going online in 1982. However, the application of CCS to industrial processes is still very rare, and there
are only one or two projects in each sector: two fertiliser plants, one synthetic natural gas production
plant, two hydrogen production plants, and one – just recently opened – ethanol plant. Besides these six
projects in the chemical industry, there exists one project in the iron & steel sector. Given that capturing
conditions and costs are rather favourable in the fertilizer and ethanol production, the number of
commercial scale projects in these sectors can be expected to increase in the near future.

Table 1: CCS projects currently in operation worldwide

CO2
capture
capacity
(Mtpa)

Main
storage
type

Project name

Country

Operation
start

Terrell Natural Gas
Processing Plant (formerly
Val Verde)

USA

1972

Natural gas
processing

0.4-0.5

EOR

Enid Fertilizer

USA

1982

Chemical industry
(fertiliser
production)

0.7

EOR

Shute Creek

USA

1986

Natural gas
processing

7.0

EOR

Sleipner

Norway

1996

Natural gas
processing

1.0

DGS

Great Plains Weyburn

Canada

2000

Synthetic natural
gas production

3.0

EOR
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Snøhvit

Norway

2008

Natural gas
processing

0.7

DGS

Century Plant

USA

2010

Natural gas
processing

8.4

EOR

Air Products Steam
Methane

USA

2013

Chemical industry
(hydrogen
production)

1.0

EOR

Coffeyville

USA

2013

Chemical industry
(fertiliser
production)

1.0

EOR

Lost Cabin

USA

2013

Natural gas
processing

0.9

EOR

Petrobras Santos Basin

Brazil

2013

Natural gas
processing

1.0

EOR

Boundary Dam

Canada

2014

Power generation

1.0

EOR

Quest

Canada

2015

Chemical industry
(hydrogen
production

1.0

DGS

Uthmanlyah

Saudi
Arabia

2015

Natural gas
processing

0.8

EOR

Abu Dhabi

United
Arab
Emirates

2016

Iron and steel
production

0.8

EOR

Illinois Industrial CCS

USA

2017

Chemical industry
(ethanol
production)

1.0

DGS

Petra Nova

USA

2017

Power generation

1.4

EOR

Notes: EOR for Enhanced Oil Recovery, DGS for Dedicated Geological Storage (Deep Saline Formations)
Source: (IEA, 2016) and Global CCS Institute website

Most of the existing CCS projects re-use the captured CO2 in an enhanced oil (gas) recovery process in oil
(or gas) extraction. Indeed, given the beneficial effects of CO2 in EOR where it increases the amount of
extractable oil (gas), the CO2 can be sold for a positive amount to oil field owners. The experience with
existing projects is that they would not have been viable without the positive economics from EOR.
Hence, it is now widely accepted that a large-scale deployment of CCS will require also the positive
economics from CCUS (IEA, 2016).
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4 Status quo of CCS in Europe
Around the turn of the decade, Europe was on the forefront of CCTS development with more than 30
announced demonstration projects in the power and industry sector. The bleak truth is that none of them
has come to life and virtually all projects have been cancelled in the last 7 years or so. There is only one
operating CCS project in Europe, namely CO2 capture and re-injection at a gas processing unit in the
offshore Sleipner gas field in Norway which started already in the 1990s (Table 1). The complete abandon
of CCS in the EU can be somewhat surprising given how optimistic and supportive the political
environment for CCS was just one decade ago. So, let’s briefly look back at the development of the past
10 years in Europe.
In January 2008, the European Commission presented a "draft CCS Directive" that was approved in
December 2008 by the European Parliament. The directive focused on the geological storage and gave
"guidance on a CO2 storage life cycle risk management framework, the characterization of the storage
complex, CO2 stream composition, monitoring and corrective measures, the criteria for transfer of
responsibility to the Member State, and financial security" (European Commission, 2011). In April 2009,
the CCS Directive was approved by the European Council and entered into force. 2 The CCS Directive
passed through the European legislative process in just 14 months which shows the important role that
CCS was supposed to play for European CO2 emission reduction.
However, fact that a directive (and not a regulation) was drafted shows that the Union overall was not
willing to supersede national political decisions. Member States should be free to decide on the exact
extent to which they allow for CCS in their country; this could also include the national prohibition of
CCS. Hence, the CCS Directive rather established a legal framework for the environmentally safe
geological storage of CO2 in the EU member states. It determined minimum requirements for possible
storage sites as well as for transport networks. EU member states had to implement the CCS Directive in
national law which they did between 2013 and 2016.
The slow and insufficient implementation of the CCS Directive is mentioned as one reason amongst
others to terminate planned CCS demonstration projects, e.g. in Jaenschwalde and Belchatow (EC, 2017).
Moreover, the directive required “CCTS readiness” for new fossil generation capacities. However, lacking
a clear definition for this “readiness”, the directive has left space for interpretation.
A review process of the directive conducted in 2014 highlighted the need for CCTS demonstration
projects in Europe. Moreover, it criticized the lack of progress of CCS for industrial applications such as
steel or cement facilities. One option that many stakeholders requested during the review process was a
successor NER300 scheme to support future projects. 3
Regulatory hurdles still remain for the transportation of CO2 across Europe. In general, permitting and
access regulation for infrastructure projects are governed by the responsible administration of each
country while there are some overarching principles imposed by European directives. However, these
principles do not include cross-border transportation, which would be particularly important for offshore
storage solutions. In fact, the transport of CO2 across borders of international waters is still prohibited.

2

Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the geological storage of carbon
dioxide and amending Council Directive 85/337/EEC, European Parliament and Council Directives 2000/60/EC, 2001/80/EC,
2004/35/EC, 2006/12/EC, 2008/1/EC and Regulation (EC) No 1013/2006.

3

Triple EEE Consulting, Ricardo-Aea, and TNO (2015). Support to the review of Directive 2009/31/EC on the geological
storage of carbon dioxide (CCS Directive) (The Netherlands).
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An amendment of the London Protocol to the Convention on the Prevention of Marine Pollution to allow
cross-border transportation has not been ratified yet (Banksa, Boersmab, & Goldthorpe, 2017).
Uncertainties remain beyond regulatory difficulties, in particular with respect to “not in my backyard”
(NIMBY) fears by people across Europe. The national implementation of the CCS Directive in many
countries gave even more weight to local authorities that are directly under pressure from NIMBY
protests. This is, for example, the case in Germany where the states (Bundesländer) are now responsible
to legislate on CO2 storage.
There is still an undisputable need for fundamental and applied research around the CCS technology,
because the processes are neither fully understood (e.g. geological storage) nor are the costs in a
commercial range. However, even a substantial amount of public funding made available in the past
years throughout the world did not expedite the development of the CCS technology. It couldn’t even
stop the cancellation of all projects in Europe. The most prominent EU funding line was provided within
the European Economic Recovery Plan (EERP) in December 2009 by the European Union. The EEPR had
a volume of almost € 4 bn to co-finance specific energy projects. Looking at the fate of the six
demonstration plants chosen by the European Commission for EEPR funding gives an impression of the
overall situation of CCS in Europe. The mixture of specific national problems (e.g. absence of regulation,
lack of complementary funding) with an absence of very concrete EU rules – such as they could be
provided by an EU regulation – still is representative for the CCS sector in Europe:
1. Jänschwalde/Germany (Leader: Vattenfall, EU funding: € 180 mio.), coal plant with demonstration of
oxy-fuel and post-combustion technology at the 250 MW scale. Vattenfall abolished the project in
November 2012 after the German government failed to implement a country-wide legal framework
for CO2 storage.
2. Porto-Tolle/Italy (Leader: Enel S.p.A., EU funding: € 100 mio.; total cost estimated at € 800 mio.),
integration with a new 660 MW coal-fired plant with post-combustion technology in a unit
corresponding to 250 MW output; storage in offshore saline aquifer 200 km from plant. In 2011,
Italy’s State Council cancelled the environmental approval of the project.
3. ROAD Rotterdam/Netherlands (Leader: Maasvlakte J.V. / E.ON Benelux and Electrabel, EU funding:
€ 180 mio.; total cost estimated at € 1.2 bn.), post-combustion technology at a scale of 250 MW;
storage in depleted offshore gas field 25 km from plant. The Dutch government also granted € 150
mio. to the project. The project was abandoned in 2017.
4. Belchatow/Poland (Leader: PGE EBSA, EU funding: € 180 mio.), 250 MW post-combustion capture
demonstration unit in a CCTS value chain project; 3 different saline aquifer sites to be investigated
(61 km, 72 km, 140 km from plant); operation of a full-scale 850 MW demonstration plant was
planned for a later stage. The project was cancelled in 2013 due to lack of funding and a sufficient
legal framework.
5. Compostilla/Spain (Leader: ENDESA S.A., EU funding: € 180 mio. and € 280 to 450 mio. in the form
of EU Emission Allowances). 30 MW pilot plant to be later scaled up to a 320 MW demonstration
plant, testing oxy-fuel and fluidized bed technology; storage in saline aquifer 100 km from plant. The
project was cancelled in 2013.
6. Don Valley Power Project/United Kingdom (previously known as Hatfield project) (Leader: former
Powerfuel Power Ltd. later 2Co Energy Ltd., EU funding: € 180 mio.; total costs estimated at £ 800
mio.) The former 900 MW IGCC project was acquired by 2Co Energy, a company focusing on

Page 8

Issue Paper: The Role for Carbon Capture, Transport and Storage
enhanced oil recovery in the North Sea region. The project was cancelled in 2013 due to a lack of
support by the UK government.
Moreover, in February 2010, EU member states agreed on the use of the revenues generated by the sales
of 300 mio. CO2 certificates from the EU ETS New Entrants Reserve (NER). They were intended to
finance CCS demonstration projects and innovative renewable energy technologies. However, due to the
low price realized for CO2 emission certificates, only a limited amount of funding became available. As a
result, none of the 12 CCTS projects that applied for funding in the first round were supported (Lupion &
Herzog, 2013). In the second round of the NER300, €300 million were granted to the UK White Rose CCS
Project. However, this project was cancelled in 2016 – the last one in a long row of cancelled CCS projects
in the EU.
Various reasons for the failure of CCTS, or what (Hirschhausen, Herold, & Oei, 2012) call “a lost decade”
for CCTS, have been identified. Low CO2 prices have created little incentive for incumbents in the energy
industry to invest in the technology. Moreover, the focus lied almost exclusively on electricity instead of
also including industrial processes, and equal funding was foreseen for capture technologies at different
stages of maturity. In addition, the costs and complexity of CO2 transport and storage were neglected in
the public support schemes. Perhaps most importantly, the competition from mature, low-cost
renewables has been underestimated.
Within the SET Plan process, the EC established and supports several so-called “European Technology
and Innovation Platforms”. Each platform shall be a forum for bringing together state-of-the-art
knowledge on R&D on a total of 10 low-carbon energy technologies. For CCS, the “Zero Emissions
Platform” (ZEP, short for European Technology Platform for Zero Emission Fossil Fuel Power Plants) was
founded in 2005. 4
Today, the largest support to CCS in Europe can be found in Norway, both in the form of public funding
to R&D projects and a rather CCS-friendly regulatory environment. Recently, the UK government has
also shown renewed interest in the CCS technology. In fact, the introduction of Emissions Performance
Standards for power plants in the UK 5 restricts the annual amount of CO2 emissions per installed unit of
generation capacity and, thereby, the operation of new coal power plants without CO2 capture.
Another limiting factor to the use of CCS in the European Union is the availability of geological storage
capacity. There is still large uncertainty on the CO2 storage potential. (Oei, Herold, & Mendelevitch, 2014,
S. 521) report a total EU of 94 Gt CO2. 44 Gt are onshore and 50 Gt are offshore storage capacity. Current
legislation and public opposition make the use of onshore capacities unlikely. Hence, the focus must be
on the offshore capacities that are mostly located in the North Sea (Figure 4). These offshore capacities
consist, on the one hand, of permanent storage potential in saline aquifers and depleted oil and gas
fields. On the other hand, oil fields suitable for enhanced oil recovery exist. However, their CO2
absorption capacity is rather low with 1.2 Gt.

4

http://www.zeroemissionsplatform.eu/

5

The Electricity Market Reform includes Emission Performance Standards for fossil fuel power plants that are
benchmarked against gas-fired electricity generation.
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Source: (Oei, Herold, & Mendelevitch, 2014, S. 521)

Figure 4: offshore CO2 storage capacity in Europe

5 Outlook: Need for a quantitative assessment of the
CCS perspectives in the EU
The CCS technology is included in the vast majority of long-term energy system models. These analyses
often neglect a detailed representation regarding economic and technical properties of the CO2 transport
and storage infrastructure. In the SET-Nav project, we rather want to conduct a bottom-up analysis of
the benefits and costs of using CCS, with a comprehensive representation of the characteristics and
consequences of the CCS technology.
Moreover, we have seen that CO2 capture may not only be relevant for the electricity sector but also for
industrial emissions. This, we argue that we need a combination of bottom-up, sectoral models for our
Page 10

Issue Paper: The Role for Carbon Capture, Transport and Storage
quantitative assessment of the CCS technology. These models need to represent all sectors with a
capturing decision – industry in addition to electricity generation – as well as the CCS value chain,
including transportation and storage of CO2.
In this case study, we therefore propose to use four state-of-the-art models that analyse carbon
emissions and capture, carbon transport and storage as well as electricity sector impacts. Indeed, we
need detailed sectoral analyses to assess the arbitrage between CCS and alternative low-carbon options.
In the electricity sector, CCS is only one possible low-carbon option and it competes with other lowcarbon generation technologies, namely renewables such as wind and photovoltaics.
Depending on the technology, the generation facilities would be located at quite different sites: fossilfuelled (CCS) power plants are usually at locations with good availability of their fuels (e.g. mine-mouth
of lignite mines) or close to demand centers (e.g. natural gas power plants). Wind parks are more and
more developed offshore. Photovoltaics are mostly used decentrally. Hence, different electricity grids
would arise from different energy system configurations.
Even for industry, CCS competes with alternative mitigation options in the individual branches. However,
a major difference is that alternatives are often also not technically mature or they are not as cheap as PV
or wind for electricity generation.

Figure 5: Case study setup with model interaction
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A framework for the quantitative analysis of CCS in Europe is sketched out in Figure 5. Electricity
generation and CO2 capture in the electricity sector would be analysed by the model EMPIRE. Industrial
emissions would come from the model FORECAST-Industry. CCTSMOD would provide a quantification
of the infrastructure and storage costs related to the captured emissions. Finally, the TEPES model would
show the electricity grid development in various scenarios with or without (more or less) CCS. Results of
this quantitative analysis are presented in SET-Nav Deliverable 6.8.
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