Climate change is one of the most serious single challenges faced by humankind
today. Probably one of the greatest impacts in reducing CO,, emissions will be made
by the introduction of Zero Emission Fossil Fuel Power Plants including carbon diox-
ide capture and storage.

The formation of the European Technology Platform on Zero Emission Fossil Fuel
Power Plants (ZEP) confirms the EU's continued commitment to its leadership role
in reducing CO, emissions and the immense challenge of keeping the average
global temperature increase below 2°C relative to pre-industrial level.

The ZEP Technology Platform will play a crucial role in enabling the EU to fulfil this
commitment and has the goal that new competitive options will be developed and
deployed for Zero Emission Fossil Fuel Power Plants within the next 15 years and
hence help European industry to compete effectively on world markets.
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Foreword

sustained economic growth for Europe and its
citizens requires energy sources compatible with the
environment. The need to expand, modernise and
renew Europe's fleet of power generation plants has
to take this into account. It is a major challenge to
meet the growing electricity demand with a more
sustainable and diversified power generation system
which will still rely substantially on fossil fuels for
some decades, notably from a climate change
perspective. Research and development has a major
role to play in this respect.

The move towards a more integrated European
Research Area has resulted in a better pooling of
previously dispersed expertise and resources. Under
the EU's Sixth Framework Programme (FP6),
important projects and actions have benefited from
improved information exchange, innovative solutions
and a better co-ordination. Technological advances
in zero emission power generation based on fossil
fuels are no exception to this rule: they are both
stimulating and benefiting from the generation of
new knowledge, innovation and an enhanced
European integration.

The vision for zero emission power plants based on
fossil fuels presented here by the Advisory Council of
the technology platform proposes that Europe
should move forward in different ways in this

important field. This vision has the potential to lead
to new products and services, and to provide Europe
with a competitive edge in a global market place.

At the same time, it would ensure an efficient and
environmentally compatible electricity supply for
Europe and its citizens. All this makes this platform
and its proposed strategy an important element on
the road to achieving the largest knowledge-based
economy in the world.

In this highly strategic and competitive sector,
efficient knowledge sharing and pooling of research
and technological development of several disciplines
are now critical. Through co-operative RTD actions,
both within and outside of the Union, Europe is
creating a critical mass of expertise, ideas and
solutions strengthening European excellence.

The setting up of this Technology Platform for

”Zero Emission Fossil Fuel Power Generation” is
one essential way of responding to these ambitious
objectives. It will need to bring together all the
parties involved to develop and implement the
Strategic Research Agenda and the Strategy
Deployment Document.

| wish this initiative every success and look forward
to seeing the activities of the platform leading to a
more sustainable energy system for Europe and the
world.

e
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A VISION FOR ZERO-EMISSION FOSSIL FUEL POWER PLANTS

The European Union must maintain its leading posi-
tion in combating climate change, ensure global
competitiveness for European industry, and deliver
long-term security of the energy supply. The Euro-
pean Technology Platform for Zero Emission Fossil
Fuel Power Plants has been set up to play a crucial
role in enabling Europe to fulfil this commitment,
with the development and deployment of new com-
petitive power plant options over the next fifteen
years.

Rising temperatures

According to the United Nations Intergovernmental Panel on
Climate Change (IPCC), greenhouse gas emissions — espe-
cially CO,, arising from industrial activities — have already
made the world warmer. If no action is taken, there will be a
continued increase in global temperatures and, by the end of
the century, global economies and ecosystems will face serious
consequences.

As the European Commission highlighted in its Green Paper
on a European Strategy for Sustainable, Competitive and
Secure Energy, Europe is committed to retaining its leader-
ship role in reducing CO, emissions and thus combating
climate change. At the same time, Europe must maintain eco-
nomic growth and bolster its competitive position in the
global economy; this presents major challenges but also
creates new opportunities.

Increasing demand

Current scenarios and projections to 2030 indicate that there
will be an increase in worldwide energy demand. While a port-
folio approach to fuel use will be adopted, there is clear evi-
dence that fossil fuel resources — coal, oil and gas — will
continue to dominate. Consequently, unless specific policy
initiatives and measures are undertaken, global CO, emis-
sions will rise by an unacceptable 60 % before 2030.

As stated by the IPCC, the challenge presented is the reduc-
tion of CO, emissions by 50 - 80 % between now and 2050.
Thisis ademanding target for the European energy sector and
its related industries to reach over the coming decades. At the
same time, the EU has considerable experience of CO, sepa-
ration and underground storage for enhanced oil recovery and

has discovered that CO,, capture and storage (CCS) for appli-
cation to power plants offers a sound technical basis to
achieve the necessary emissions reductions. This offers the
European energy industry a real chance to gain a competitive
edge in global markets by producing innovative and commer-
cially viable technologies that eliminate CO,, emissions from
fossil fuel based power production.

The European vision for Zero Emission

Fossil Fuel Power Plants

The formation of the European Technology Platform for Zero
Emission Fossil Fuel Power Plants (ZEP) represents the com-
mitment of the European energy industry, research commu-
nity, Non-Governmental Organisations, Member States and
the European Commission to move forward in research, devel-
opment, demonstration and deployment activities. Acommon
vision will unite industry, research institutes, Member States'
governments and European Commission actions in ensuring
an effective European programme. Their aim will be to identify
and develop a portfolio of technologies, taking into account
time, funding, the environment, public acceptance, fiscal and
regulatory issues necessary for the successful deployment of
Zero Emission Fossil Fuel Power Plants over the next fifteen
years.

ZEP will prepare a Strategic Research Agenda to establish the
most efficient fossil fuel power plants that could contribute to
the reduction of emissions and the conservation of energy
resources. Various processes will be integrated to these
plants to capture the CO, and then store it safely under-
ground, for thousands, or even millions, of years. A power
plant equipped with this CCS technology will emit almost no
CO,, making the concept of a Zero Emission Fossil Fuel Power
Plants a reality. There will also be opportunities to establish
such zero emission concepts for other industrial applications.

An integrated approach will be adopted, embracing new tech-
nologies as well as infrastructure and societal issues. The
development of both a framework and the market conditions
needed to create demand for these CCS technologies will be
crucial. Hence, policy, regulatory and fiscal barriers must be
specifically addressed in order to establish new commercial
CCS projects. These regulations and policies must be long
term, i.e. beyond 2012, to give rise to the conditions necessary
for commercial investment decisions to be made.

Fiscal incentives may also be needed to motivate private
enterprises to invest in CCS projects. Such incentives must
ensure that CCS projects receive similar treatment to those
using renewable energy sources and energy efficiency pro-
grammes. These policy proposals must be reflected in the
Commission's forthcoming communication on Phase 2 of the
European Climate Change Programme (ECCP).

Delivering the benefits

The formation of ZEP confirms the European Union's continued
commitment to reducing CO,, emissions and keeping the aver-
age global temperature increase below 2°C relative to the pre-
industrial level. This bold approach to research, development
and demonstration will address technical, commercial, regu-
latory and market issues, minimise risk and give EU industry
the confidence to make the business decisions required to
introduce Zero Emission Fossil Fuel Power Plants.

The development of the innovative technologies required for
achieving this vision will enhance European industrial and
economic competitiveness, thereby providing a means to better
meet global market challenges and offering job security to
many European citizens.

European pathway to CCS

ZEP recognises that public acceptance of the role for CCS tech-
nology in mitigating climate change will be a prerequisite to its
large-scale deployment. Since the mid 1990s, there have been
anumber of European R & D projects examining the entire chain
from capture and transport to underground storage. Following
on from this, several industrial demonstration-scale CCS proj-
ects have been announced. Experience gathered from such
projects will be valuable for public understanding, and will feed
into the planning and development of additional new projects.

Climate change is a global problem and the need for an inter-
national approach is clearly recognised. Encouragement for
international R & D cooperation on ZEP technology will con-
tinue, in particular with India, China and Russia. This will offer
significant global benefits in terms of CO, emission reduc-
tions, as well as major business opportunities for EU industry
in these new markets.

European Technology Platform

ZEP represents the commitment of the
European energy industry, research community,
Non-Governmental Organisations, Member
States and the European Commission to use
fossil fuels in a sustainable way. An effective
Europe-wide programme will be developed,
leading to the successful deployment of Zero
Emission Fossil Fuel Power Plants over the
next fifteen years.

ZEP will develop a Strategic Research Agenda
to guide the research, development and
demonstration activities needed to achieve the
platform’s goals.

ZEP will also mark out a roadmap — including
a regulatory framework and policy incentives
— for the strategic deployment of technologies
for large-scale Carbon Dioxide Capture and
Storage implementation.

This approach allows the EU energy industry to
make a pro-active challenge to take advantage
of the global market opportunities that will
arise from the development of zero emission
fossil fuel technologies.

A VISION FOR ZERO-EMISSION FOSSIL FUEL POWER PLANTS
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The world continues to face a major challenge in meeting
the often-conflicting needs of the environment, human
health and economic development, whilst at the same time
ensuring security of energy supply. Fossil fuels may be crit-
ical in ensuring today's economic and energy security, but
their use also has a major impact on the environment, due
to the emission of greenhouse gases (GHG). Europe is
committed to rising to these challenges, taking steps to
establish advanced technologies that will greatly reduce
GHG emissions in an efficient and cost-effective way.

Tackling climate change

The United Nations Intergovernmental Panel on Climate
Change (IPCC) has concluded that, if major disasters are to
be averted, global warming must not exceed 2°C above the

Parts per million
by volume

pre-industrial average and that atmospheric CO, concen-
trations must be stabilised at 450 parts per million by vol-
ume (ppmv). As shown in the diagram below, the current
CO, levelis rising rapidly towards the maximum level. This
indicates the need for a worldwide reduction in emissions
of over 50%, with industrialised countries needing to cut
GHG emissions by a factor of 4 or 5. Following the signing
of the Kyoto Protocol and its implementation in 2005, 162
countries — between them are responsible for some 62%
of the emissions from developed countries — have sig-
nalled their commitment to reduce GHG emissions by 2012
t0 94.8% of 1990 levels'. Beyond that timeframe, in the
post-2012 scenario, more stringent limitations on CO,,
emissions will be required with scenarios projecting
deeper cuts in emissions of over 50% by 2050°.

Atmospheric concentrations of CO,, (IPPC-2005)
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Continued role for fossil fuels

The IEA has forecast a massive increase in global energy
demand between 2004 and 2030, including a doubling of
electricity demand, with nearly sooo GWe of new generating
capacity being installed worldwide’. This, together with
other recent major economic projections, suggest that
over the next three decades at least, fossil fuels (coal, oil,
gas) will continue to dominate the global power generation
market’. At the same time, the impacts of increased CO,,
emissions are becoming more evident: rise in sea level,
increased ocean acidification, warmer temperatures, and
climate change. All of this confirms that society has a major
problem to address and that rapid action needs to be taken
— mainly by the industrialised nations, but also by those
undergoing rapid industrialisation, development and eco-
nomic growth.

The European Commission has addressed these matters in
its Energy Green Paper, and has specifically highlighted
the environmental challenges, security of energy supply
and industrial competitiveness as central issues for the
development of energy policy priorities®.

Reducing CO, emissions in the energy sector has become
a top priority for national governments within the Euro-
pean Union. The main approaches that will be used to
reduce CO, emissions are:

e Reducing end consumption of energy through demand
side management;

e Increasing the efficiency of energy conversion and utilisation;

e Switching to lower carbon content fuels, e.g. natural gas
instead of coal;

2010 2020 2030

* Enhancing the sinks for CO,, e.g. forests and soils which
draw-down CO,, from the atmosphere, and reduce forest
burning;

e Using energy sources such as nuclear energy, solar, wind or
hydro-power which have zero or very low CO,, emissions;

* Using CO,-neutral fuels such as biomass;

e Capturing and storing CO,, from fossil fuel combustion.

Measures to reduce energy consumption and switch to low
carbon fuels are immediately cost-effective and will deliver
useful reductions in emissions. Enhancing natural sinks
such as forests could contribute in the short term, but the
capacity of the sinks is limited and carbon stored in them
is not always secure. In the longer term, large reductions in
emissions could, in theory, be achieved through a wide-
spread switch to non-fossil fuel energy sources, providing
these are safe and affordable. However, adopting such
fuel-switching to non-fossil sources and introducing effi-
ciency measures at a realistic pace will not be enough to
meet the currently required CO, reduction requirements.
Emissions must be cut rapidly in order to avoid further
adverse climate change.

Within Europe, electricity generation from fossil fuels is the
single largest source of CO, emissions from any industry
sector and comprises large point sources of emissions. In
addition, power generation from fossil fuels is dominated
by a relatively small number of industrial companies.

1. UNFCCC (2006)

2. IPCC (2005). Summary for Policymakers. A Report of Working
Group | of the Intergovernmental Panel on Climate Change.

3. |[EA (2004) World Energy Outlook

4. WETO (2003) World Energy Technology and Climate Policy
Outlook, EC, Brussels

5. European Commission Green Paper (2006) A European Strategy
for Sustainable, Competitive and Secure Energy
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There is an urgent need over the next 25 years to build new
plants and to retrofit existing power stations, with the pos-
sibility of achieving large and highly visible emissions
reductions in a relatively short space of time. Coherent and
cooperative early action within the industry could signifi-
cantly help in meeting the challenges faced.

Carbon Dioxide Capture and Storage (CCS) is a technology
with the potential to reduce the GHG problem, while allow-
ing the continued use of fossil fuels. With CCS, the CO,
arising from fossil fuel use is captured and then stored in
secure geological formations. In this way, CCS has the
potential to sustain quality of life and the environment,
while maintaining reliable, diverse and secure power gen-
eration for at least the next 50 years.

The adoption of CCS technologies would enable the world
to continue to use fossil fuels with greatly reduced emissions
of CO,, whilst at the same time preparing for the eventual
switch to a fully carbon neutral energy economy. However,
in order for CCS to be introduced on a commercially viable
basis, there are still some technical issues that must be
overcome. These include conforming to national and inter-
national legal requirements, ensuring safe and reliable
storage, and, importantly, gaining public acceptance.

Itis against this background that the European Zero Emission
Fossil Fuel Power Plants Technology Platform (ZEP) has
been created. An industry-led cooperative grouping of key
stakeholders, the platform aims to determine a vision for
the future. It will respond to current challenges, and coor-
dinate the establishment and implementation of a Devel-
opment and Deployment Programme, fulfilling the needs
of European citizens and industry by 2020.

Reducing CO, emissions

In the long term, safe, carbon-neutral energy
sources will dominate — but such a transition
will take time. Fossil fuels will continue to play
a vital role during this period, although the
adverse environmental impact that they threaten
must be eliminated.

The global climate challenge requires the
stabilisation of atmospheric CO,, levels as a
matter of urgency. Given the rising energy
demand, this implies the need for a massive
reduction in CO, emissions from fossil fuels.

Carbon Dioxide Capture and Storage (CCS) is
a technology with the potential to reduce

the greenhouse gas problem and facilitate

the continued use of fossil fuels. For CCS to be
introduced on a commercially viable basis,
early action must be taken to overcome

the remaining technical issues and ensure

the framework and market conditions needed
to stimulate demand.

Energy issues
for Europe

Europe has entered a new energy era, in which sustain-
ability, competitiveness and security of supply are the
overriding objectives. The EU energy industry has three
principal concerns:

e Ensuring security of energy supplies on a sustainable
basis;

¢ Implementing technologies that can achieve deep reduc-
tions in CO,, emissions from fossil fuel power plants;

e Maintaining EU industrial competitiveness to meet the
global market challenge for advanced fossil energy
power plants with integrated CCS.

Ensuring security of energy supply

The future energy needs of the enlarged European Union
(EV) require the full range of available fuels to be utilised
in an environmentally acceptable way. Such diversity helps
to guarantee security of supply, and means that energy will
be provided in a sustainable way. Fossil fuels will therefore
continue to play a major role within Europe over the coming
decades. Coal, with both significant indigenous resources
in Europe and large worldwide reserves, has a major role to
play in this EU energy mix — although it is faced with par-
ticular challenges in achieving environmental compliance.

Protecting the environment

A major step towards meeting the environmental chal-
lenge was the implementation in 2005 of the European
Union Emissions Trading Scheme (ETS). The EC required
that mandatory emissions limits be placed on all large
industrial and energy intensive businesses, to be managed
through an ETS tailored to the Kyoto Protocol. The ETS
covers five industrial sectors across 25 EU Member States
and the three EEA States (Iceland, Liechtenstein and Nor-
way). It applies to power generation plants of capacity
greater than 20 MW, together with industrial installations

The 1 t/hour CO,, capture pilot plant using an amine
wash process that is installed at the Elsam Esbjerg
power plant in the framework of the EC CASTOR project
(courtesy of IFP)

such as refineries, coke ovens, cement, metals, minerals
and the pulp and paper industries (but excluding the
chemicals sector and hazardous or municipal waste burn-
ers). About half of the total EU CO, emissions are covered
by the scheme, with 5,000 firms taking part. Currently, only
CO, is traded, since it accounts for 80% of emissions in the
EU, but other gases will be traded from 2008 when the
scheme extends to other sectors.

The European Climate Change Programme (ECCP) was
established to identify the most promising and cost-effec-
tive technological routes, with regard to the practicalities
of reducing GHG emissions. Phase 1 emphasised a combi-
nation of more rational use of energy in all sectors and a
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switch to lower carbon fuels including higher levels of
renewable energy sources. Phase 2 began in October 2005
and has included a working group on CCS, with one of its
objectives being to introduce CCS to the European ETS.

Under the Kyoto and post-2012 scenarios, increasingly
stringent limitations on CO,, emissions will be required by
2050. In 2005, the EC published a Communication with the
title Winning the Battle Against Global Climate Change.
It identified three challenges in stabilising the CO,, concen-
tration in the atmosphere at a maximum of 450 ppmv
(in 2005 it was 381 ppmv), and keeping the increase in
global average temperature below 2°C relative to the
pre industrial level. Each of these challenges recognises the
important role of technology:

e Participation Challenge
Major emitters, particularly in developing countries, are
encouraged to join in international efforts to promote
scientific R&D cooperation and technology transfer.

¢ Innovation Challenge
A combination of “push and pull” technology policies is
required: a pull is generated by stimulating markets to
promote the adoption of new technologies and a push by
investing in the knowledge economy to give the EU a
competitive edge in a low carbon future.

e Adaptation Challenge
Preventative and remedial adaptation efforts are
required around the globe.

For fossil fuel power plants in the short term, significant
reductions in CO, emissions can be achieved by replacing
older power plants with the new, higher efficiency plants
now available. However, in the medium to long term, fossil
energy usage will require technologies to achieve zero

emissions. This will mean the use of CCS integrated with
state of the art fossil fuel power plants. Because of the age-
profile, the EU power plant replacement programme must
be consistent and “in tune” with the development of the
market (subject to changes from increased liberalisation,
greater privatisation and more de- or re-regulation). The
value of CO,, that is established under the ETS could have
a significant impact and greatly influence the routes taken
to deploy the various technologies. An increase in the
value of CO, would inspire investment in CO, capture
technologies and new CO,, capture-ready power plants.

For the future, the final report of the ECCP Working Group
on Carbon Capture and Geological Storage, adopted on
1June 2006, recommends that CCS activities are recog-
nised in the EU emissions trading scheme. The Commission
is planning to issue a Communication on CCS in the 3™
quarter of 2007, which will address options for doing so.
Following the adoption of the so-called “Linking Directive”
in 2004, the EU emissions trading scheme already allows
companies to use credits from Clean Development Mecha-
nism (CDM) and Joint Implementation (JI) projects to comply
with their obligations under the scheme. This will also
include CCS project activities, once the UN has elaborated
modalities for doing so.

European industrial competitiveness

In a post-2012 scenario, EU power generation industry and
its equipment manufacturers need to be in a competitive
position on world markets, for the benefit of Europe as a
whole.

Currently, the industry is winning about half of all sales
worldwide, in the face of fierce competition, and this lead-
ing global position must be maintained. An upsurge is
expected in the construction of new and retrofit fossil fuel-
fired power stations to supply the 4500 - 5000 GW of new

generation plant that will be needed by 2030. This pres-
ents an important market opportunity for EU industry to
supply such export markets, particularly in Eastern
Europe, Asia and Australasia, provided that the necessary
technology is developed and demonstrated.

Historically, EU industry has a strong reputation for inno-
vation in the development of advanced systems and com-
ponents, arising largely from RTD projects supported by
the EU. At present, employment in the power generation
equipment and supply industry throughout Europe is
about 250,000. This is comparable to other large indus-
tries such as aerospace, and is under threat if EU industry
fails to capture and maintain this large export market.

The main technologies used to generate power from fossil
fuels are natural gas combined cycles (NGCC) and coal-
fired steam cycles, while Integrated Coal Gasification Com-
bined Cycles (IGCC) have also been established. CO,
capture could be incorporated in all of these types of plant,
with the IGCC process expected to have the greatest poten-
tial among the processes with CO,, capture.

There will be significant competition from industry in the
USA and Japan, where government support for the devel-
opment of carbon management techniques is significant
(and exceeds the levels allowed under present European
competition rules). Such assistance is given in expectation
that the return on investment will come from increased
exports of advanced technology.

RTD activities within Europe

In line with energy sector priorities, EU industry — either
through Member States or EC-supported programmes — is
working extensively to take forward the various technol-
ogy options to achieve the basis for commercially viable
systems. This includes RD&D for:

e Large scale generation of electricity and/or heat with
reduced CO, emissions from coal, biomass and other
fuels, including combined heat and power;

e Cost effective environmental abatement technologies for
power production;

e CCS, with the emphasis on cost effective capture
technologies and safe environmentally compatible
geological disposal options.

Since CCS involves significant costs, of which capture rep-
resents 70-80%, a primary RTD objective is to reduce the
costs of CO,, capture to 10-20 € per tonne of CO,, while
achieving rates above 90%. The reliability and long-term
stability of CO,, storage must be assessed, in order to map
geological storage potential, determine safety aspects,
and build public confidence and acceptance. The CO,, stor-
age options of interest to the EU include geologically-
based storage in aquifers, depleted oil and gas reservoirs
(with the possibility of enhanced oil and gas recovery), and
deep un-mined coal beds (offering the benefit of enhanced
coal bed methane recovery). In addition, further promise
lies in certain chemical techniques and other innovative
methods.

In the transition to a fully sustainable energy economy,
hydrogen is likely to be produced in the main from fossil
fuels. During fossil fuel-based gasification, when CO, is
removed from the gas stream, the fuel that remains is
hydrogen. Accordingly, EU activities include the HYPOGEN
“guick start” initiative, which is preparing for a full size
demonstration plant for the production of hydrogen from
fossil fuels with CO,, capture and storage (DYNAMIS is the
first stage feasibility study within this initiative). This was
proposed under the European Initiative for Growth, with a
view to stimulating the European economy and, under this
scheme, the link between CCS and the future hydrogen
economy is emphasised.

A VISION FOR ZERO-EMISSION FOSSIL FUEL POWER PLANTS
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A map of part of the North Sea basin, which indicates the scope for estab-
lishing large-scale CO,, storage facilities in the region.

The EC is also involved in the coordination of Member
State activities towards the creation of the European
Research Area. The Fossil and Energy Coalition (FENCO)
project is a joint action that could precede a unified
approach in Europe concerning fossil fuel power
generation — the end result would be the development of
near-zero emission technologies and carbon management
strategies.

RTD initiatives worldwide

Within the EC, there is clear recognition that an interna-
tional approach is required to deal with environmental
challenges. The EC is involved in a wide range of interna-
tional cooperation and coordination activities, which com-
plement their support for EU RTD activities.

The EC plays an active role in the International Energy
Agency (IEA) of the OECD. It participates in the “Committee
of Energy Research and Technology (CERT) and in the
Working Party on Fossil Fuels (WPFF), with a particular role
in the Zero Emission Technologies (ZETS) strategy. It also
sponsors and participates in the IEA Greenhouse Gas and
Clean Coal Centre Implementing Agreements. As a member
of the Carbon Sequestration Leadership Forum, the EC is
part of an international initiative that also involves
22 countries from around the world.

The EU has Science and Technology Cooperation Agree-
ments with many countries, including Argentina, Australia,

Brazil, Canada, China, India, Russia, South Africa and the
SA. One example of these agreements is the EU-China
Memorandum of Understanding on near-zero emission
power generation through carbon dioxide capture and
storage. As part of this accord, the European Commission
and its Chinese counterparts have acknowledged the
importance of close coordination to reduce the impact of
the use of fossil fuels on global climate change.

Large-scale initiatives to ensure the clean use of fossil
fuels and include them in carbon management strategies
are appearing worldwide. In the USA, these include: major
programmes within the regional partnership initiative,
ambitious projects such as FutureGen, and activities
within the Carbon Sequestration Leadership Forum. Of
particular note is the Weyburn project in Canada, which
involves the injection of CO, into 17 oil wells in a mature
oilfield in southern Saskatchewan. The CO, comes from
the Great Plains Synfuels generating Plant in North Dakota
and is transported from the USA to Canada via 330 km
purpose-built pipeline.

In Australia, CSIRO and CRC are collaborating with univer-
sities and Australian coal and power companies to carry
out extensive research into advanced gasification tech-
nologies, promoting hydrogen production and CO,
capture and storage. The Stanwell Corporation is con-
structing a 190 MW IGCC power plant with carbon capture
and storage near Rockhampton in Queensland, which will

Draugen

Ormen Lange

’

CO, injection =

Enhanced oil *
recovery
NYHAMNA
Natural gas
export facility

The Statoil and Shell industrial realisation project at
Tjeldbergodden

include piping the CO, 200 km west to the Denison
Trough.

In Japan, RITE is investigating ocean storage of CO,, using
ocean-going ships. Liquid CO,, is delivered by ships to sites
several hundred kilometres offshore and is injected into
the ocean at depths of 1500 - 2000m. The research is
targeted at establishing the best injection techniques,
determining the effects on marine organisms, and devel-
oping models to assess the environmental impacts near
the area of CO, injection. Japan is also trying to develop
novel CO, absorbents that can regenerate at lower
temperatures and use less energy than those currently
available. Other projects are investigating storage in coal
seams and methane recovery technologies.

Taking technologies forward

CCS activities are being driven forward by EU industry,
which recognises that large-scale demonstrations are
needed to prove the commercial viability of technologies
and to inspire public confidence. Recently, Shell and
Statoil signed an agreement to work on a project injecting
CO, into the Draugen and Heidrun offshore oil and gas
fields from a gas-fired power plant and methanol produc-

—7+ Heidrun

+ Natural
gas pipeline

« CO, pipeline

= Electricity cable

TJELDBERGODDEN
Power plant with CO, capture
and methanol plant

tion facility at Tjeldbergodden in Mid-Norway. Power from
the plant will also be provided to the offshore fields, resulting
in near zero CO, emissions from these installations.

BP's Peterhead Hydrogen Power Project, presently at the
design stage, will take natural gas from North Sea fields
and convert it to hydrogen and CO,. The hydrogen will
then be used as a clean fuelin Scotland's Peterhead power
station, while the CO,, will be transported offshore via an
existing pipeline and injected more than three kilometres
under the seabed for enhanced oil recovery and long-term
geological storage in the Miller Field.
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Enhanced oil recovery with

The BP Peterhead hydrogen production and enhanced oil recovery Project

Research, Development & Deployment

Balancing security of energy supply with
environmental compliance will be a persistent
challenge for Europe as it moves forward into
the post-2012 scenario.

A complete and cohesive European approach to
RD&D is needed.

EU industry is undertaking a wide range of RTD
projects designed to:

e Improve the efficiency of fossil fuel power
plants;

long term CO, storage 4

* Reduce the cost of CO,, capture while achieving
removal efficiencies of greater than 90%;

e Assess the reliability and long-term stability
of CO, storage;

* Map geological storage potential for CO, ;

e Determine safety aspects and to build public

confidence to ensure acceptability of CO,,
storage.

Such activities must be accompanied by the
establishment of large-scale technology demon-
Strations.

n Y 4

-—a -y
T

The European vision for
Zero Emission Fossil Fuel

Power Plants

The European Technology Platform for Zero Emission
Fossil Fuel Power Plants (ZEP) arises from the commitment
of the European energy industry, research community,
Non-Governmental Organisations, Member States and the

Mirror Group
of Member States

European Commission to create an effective European
research, development, demonstration and deployment
programme. The structure and organisation of the plat-
form are set out below:

Advisory Council

Coordination Group Secretariat

Plants C0O,-Use Infrastructure
& Environment

& CO, Capture & Storage

Market, Regulation Communication

& Policy & Public Acceptance

Strategic Research Agenda

Deployment Strategy

Technology Platform on Zero Emission Fossil Fuel Power Plants:

Advisory Council Members

Olivier Appert, Institut Francais du Pétrole
Niels Peter Christensen, Geological Survey
of Denmark & Greenland

Gennaro De Michele, ENEL

Bernhard Fischer, E.ON Energie AG
Philippe Lacour-Gayet, Schlumberger
Graeme Sweeney, Shell Gas & Power
David Falvey, British Geological Survey
Kurt Hage, Vattenfall AB, Vattenfall Europe
Francois Jackow, Air Liquide

Santiago Sabugal Garcia, ENDESA Generacion
Norbert Koenig, Siemens AG

Jean-Michel Gires, TOTAL SA

Kirsten Macey, CAN Europe

Stephan Singer, WWF International
Giuseppe Zampini, Ansaldo Energia S.p.A.
Charles Soothill, ALSTOM Power

Gardiner Hill, BP

Antonio Valero, Fundacion CIRCE

Jozef Dubinski, CM/

Johannes Lambertz, RWE Power AG

lain Miller, Mitsui Babcock

Frederic Hauge, The Bellona Foundation
Hakon Mosbech, ENERGI E2 A/S

Harry Lampenius, Foster Wheeler Power Group Europe
Arve Thorvik, Statoil
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Extraction

®

The common vision of platform members will lead to joint
actions, aimed at identifying and developing a portfolio of
technologies. These activities will take into account time,
funding, the environment, public acceptance, and the
fiscal and regulatory issues necessary for the successful
deployment of Zero Emission Fossil Fuel Power Plants. ZEP
will play a crucial role in developing and deploying new
competitive options for Zero Emission Fossil Fuel Power
Plants over the next fifteen years. The massive reductions
in the emissions of CO, from fossil fuel use will be
achieved through the introduction of zero emission tech-
nologies, applicable to power plants and associated indus-
trial processes. By 2020, fossil fuel power plants will either
be capable of capturing almost all their CO, emissions in
an economically viable manner, or will be able to include
CO,, capture systems (“capture-ready”). Worldwide adoption
of these technologies would mean that CO, emissions
could be reduced by about 240 Gt CO,, — for the EU, a reduc-
tion of 30 Gt CO,, could be achieved. Between now and
2050, this, would equate to a progressive diminution of
60% in CO,, emissions from power generation and demon-
strate the importance of zero-emission fossil fuel energy.

In this scenario, and to ensure that the world benefits from
fossil fuels without suffering environmental conse-
quences, zero emission fossil fuel technologies must be
fuel flexible, highly efficient and cost-effective. Developing
and deploying such technologies presents a significant yet
surmountable challenge; one which Europe, with its
knowledge, skills, commitment and infrastructure, is well-
positioned to take up. EU industry has previously supplied

Three main steps for CCS
to avoid CO,, release into
the atmosphere
(Courtesy of IFP)

close to half of the global fossil fuel power plant market
and has an excellent reputation for innovation in the devel-
opment of advanced systems and components — Europe
will be on the edge of industrial and economic competi-
tiveness under post-2012 conditions.

Answering key questions

CCS can be added to any fossil fuel power
plant technology or industrial process.

It comprises three distinct phases: capture,
transport and storage.

The RD&D programme proposed by ZEP aims
to answer the key questions linked to these
phases:

* Can CO, from the plant be captured
effectively?

® How can captured CO, be transported to
the storage site?

e Can the capture and long-term storage
of CO, be achieved at reasonable cost?

* s CO, storage safe?

Plant performance

Carbon capture techniques will be applied to well-estab-
lished fossil fuel power plant technologies, of which indus-
try has many years of experience. Methods for transport
and storage will build on the wealth of expertise already
established in the oil and gas industries.

Zero emission power plants can only be effectively estab-
lished if issues of improved energy efficiency of fossil fuel
use are addressed, together with the development and
adoption of CO,, capture technologies. These options are
not mutually exclusive and, above all, a CO,, capture plant
must be based on the best available and appropriate
underlying technology.

Increasing the efficiency of fossil-fired power plants leads to a
reduction in both CO, emissions and fuel consumption,
whether it is combined with CO,-capture or not. Enhanced
efficiency reduces environmental impact and saves energy
resources. For the operator, less fuel consumption means a
more competitive position — marginal costs for new power
stations are reduced, with or without CO,-capture. Neverthe-
less, important limitations on efficiency increase arise
through physical restrictions, and new technical solutions
have to be found to raise efficiency in a cost-effective manner.

New ways to technical solutions for enhanced efficiency
have opened up, thanks to changes in the regulatory
framework and the current political imperative. However,
cutting-edge technologies cannot be employed immedi-
ately - intensive research work must be carried out, specif-
ically in the field of new materials, and innovations such as
combined cycles based on coal need to be optimised. The
next step for coal-fired power plants is to pass the “50%
threshold” within the next decade. To this end, efficient
full-scale demonstration plants, including overall system
optimisation, must be constructed.

The pathway to zero emissions can best be
achieved by addressing the issues of
improved energy efficiency of fossil fuel power
plants together with the development,
adoption and effective integration of CO,,

capture technologies. These routes are not
mutually exclusive, and it is essential that
carbon dioxide capture plant is based on

the best available and appropriate underlying
technology.

CO, capture

Most of the power generation equipment commercially
available today was designed for fuels and working fluids
considerably different from those that are likely to be used
in a future zero emission power plant.

The main technologies currently being studied for CO,
capture are post-combustion separation, pre-combustion
separation and oxy-fuel combustion. While post-combus-
tion separation has thrown up its own challenges, the
other two technologies involve substantial modifications
to the combustion process and to major components of a
power plant, whether it is natural gas or coal fired. This
means that, in addition to considerable research, exten-
sive product development will be needed prior to the intro-
duction of validated technologies into efficient and reliable
power plants.
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The capture of CO, in power plants will come at a price,
since it will require energy from the plant — this will not
only affect the cost of electricity, it will also increase the
use of fossil fuel at a plant level. Two complementary
approaches are possible in dealing with the issue of effi-
ciency. The first involves improving the efficiency of the
conventional components of the power plant (as discussed
previously) so that more efficient components compensate
for the losses imposed by the capture process.

The second approach involves combining improved effi-
ciency of the CO,, capture technology plant (most of which
is based on non-mature technology) with that of the whole
plant by optimising the integrated system. The critical
components for this include processes and equipment for
coal gasification, oxygen production and separation of
gases, which are presently lacking the economic and tech-
nical characteristics demanded by large-scale application
in power generation. Issues such as reliability, scalability,
maintainability, and effectiveness in certain ranges of tem-
peratures and pressures, and consumption of water must
be addressed.

The commercialisation of zero emission power plants is
not viable in the short term and so a range of technologies
and options for different fuels should be explored, rather
than adopting a single approach to achieve zero emis-
sions. In addition, the development of cross-cutting tech-
nologies such as new high temperature and corrosion
resistant materials, advanced control systems and more
efficient cooling schemes will be beneficial to all the future
zero emission plants, making them more attractive to util-
ity companies, particularly in the first stages of the learn-
ing process. Each technology option that shows significant
promise will have to proceed to large-scale demonstration
at the earliest opportunity.

CO,, Capture Options

CO,, capture involves the separation of CO, from
combustion gases and compressing it so that it is
suitable for safe transport and storage. There are
three basic capture systems to isolate CO,, from
the combustion process: post-combustion
separation, oxy-fuel firing, and pre-combustion
separation.

Post-combustion Capture. In this process, the
€O, is separated from the flue gases after com-
bustion has taken place. Instead of being dis-
charged directly to the atmosphere, the flue gas
is passed through an absorbent or a selective
membrane, which separates most of the CO.,.
The CO,, previously compressed, is fed to

a storage reservoir and the remaining flue gas
is discharged into the atmosphere.

Pre-combustion Capture. Pre-combustion capture
involves reacting the fuel with oxygen or air, and
possibly also with steam, to produce a 'synthesis
gas (syngas)' or 'fuel gas', composed mainly of
carbon monoxide and hydrogen. The carbon
monoxide is then reacted with steam in a catalyt-
ic reactor, called a shift converter, to give CO,
and more hydrogen. Next, the CO, is separated,
usually by a physical or chemical absorption
process, resulting in a hydrogen-rich fuel which
can be used in many applications, such as boilers,
furnaces, gas turbines, engines and fuel cells.

Oxy-fuel Firing. In oxy-fuel combustion, nearly
pure oxygen is used for combustion instead of
ai, resulting in a flue gas that is mainly CO, and
H,0. This simplifies the separation process as
the water vapour can readily be condensed to
liquid, leaving the CO,, for subsequent treatment.

Post-combustion capture

— — > Energy / Power

Oxy-fuel combustion

> — —

Pre- decarbonisationcombustion

—> Energy /power or
Hydrogen

— —

(Reproduced courtesy of IEACCC)
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Fractionation
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Precipitator Boller House

C0,-Processing Unit

Vattenfall Europe are proceeding with the demonstration of the
oxy-fuel combustion process, based on a 30MW unit to be
constructed at the Schwarze Pumpe power station in Germany

RWE, as part of its climate strategy, is developing a Lighthouse
CCS demonstration project, based on IGCC technology with CO,,
storage in a local deep aquifer.
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Various possibilities for the geological storage of CO,, (IFP, ADEME, BRGM, 2005)

CO,, transport and infrastructure

Research and development are needed to establish ade-
quate transport infrastructures for CO,, in Europe. In fact,
CO, is already transported in pipelines, but work is still
needed to clarify particular requirements for captured
CO,. Additionally, research must be used to identify both
the technology and the market mechanisms required to
transport CO,, from various production sources to where it
can be used either for commercial processes or for safe
long-term storage. The environmental impact of this
process must also be identified.

Research and development must focus on:

¢ Developing and optimising the use of intermediate stor-
age systems (tanks, depleted gas fields, salt caverns)

e |dentifying and evaluating optimal links between poten-
tial sources of CO,, and sinks

e |dentifying transport infrastructure requirements with
reference to volume scenarios for CO,, production and
the storage capacity requirements

e Optimising transport solutions between source and sink

* Determining the potential demand for CO in commercial
applications, e.g. enhanced oil or gas recovery

* Assessing the impact of CO, infrastructure on Trans
European Networks such as electricity, gas and coal

e Undertaking supply/demand and cost/benefit evaluations

* Determining the environmental footprint of such infra-
structure

e |dentifying R&D needs in the short, medium and long
term

CO, storage and use

Once captured and transported, most CO,, will be stored in
geological reservoirs. The EU is interested in a number of
such reservoirs, including depleted and disused oil and
gas fields, deep saline aquifers and deep un-mined coal
seams®’. Detailed knowledge and understanding are
needed as to where and how CO,, can be stored. This
understanding must include, for example, geographical
locations, capacities, future behaviour in reservoirs, and
associated risks, together with both national and interna-
tional legal constraints. Attention must be given to the
development of a monitoring methodology capable of
building trust and confidence amongst citizens living in the
vicinity of storage sites.

6. IFP, ADEME, BRGM (2005). CO,, Capture and Geological Storage

7. |IEA Greenhouse Gas R&D Programme (200X). Geological Storage
of CO2: What's known, where are the gaps and what more needs
to be done.
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Aspects of health and safety aspects must be prioritised
when selecting appropriate geological storage sites. The
oil and gas industry and the research community already
have experience in operating and monitoring natural gas
aquifer storage, in CO,, enhanced oil recovery, and in natu-
ral CO2 reservoirs. This has led to a high degree of confi-
dence that CO2 can be safely contained for several
thousands of years. To minimise any risks, technologies
will most likely be developed from existing, well-estab-
lished methodologies. The main potential problem is leakage
from man-made pathways (such as bore holes) in the vicinity
of storage sites, and this will require special attention as
health and safety regulations are formulated.

Regarding CO,, use, currently, the only large volume appli-
cation occursin the oil and gas industry, through enhanced
oil or gas recovery. Other applications can be found, but on
a smaller scale, for example, in the production of plastics
and methanol. An oriented research and development
effort over the next twenty years, with an openness to new
or even revolutionary ideas, which could lead to new
scenarios involving higher volumes of CO,, is needed.

€O, Storage Options

Depleted Oil and Gas Fields. These present a
significant possibility for CO,, storage, with
European capacities estimated at 14.5 billion
tonnes offshore and 13.1 billion tonnes
onshore.

Enhanced Oil (and Gas) Recovery. As an inter-
mediate step, there is scope for injecting CO,
into mature fields to improve the recovery of
oil (and gas) through Enhanced Oil Recovery
(EOR), increasing production by 4-20%. The
Commission has estimated that the EOR stor-
age capacity of the North Sea in major eco-
nomically viable projects will range between
200 and 1800 million tonnes of CO, over the
next 25-year period, depending on the oil and
CO,, credit prices and the actual oil recovery
rates.

Saline aquifers. These have by far the greatest
potential for storing CO,, globally as well as
in Europe. Such aquifers are sedimentary
rocks (usually sandstone and less frequently
limestone or other rocks), which are porous
enough to store great volumes of CO, and
permeable enough to allow the flow of fluids.
Storage of CO,, will take place at depths
below some 7-800 meters where CO, behaves
as a fluid, and where the pores of the sedi-
ments are filled with salt water. The European
storage potential for CO, in saline aquifers is
huge, with the possibility for 8o - 100 billion
tonnes of CO, in structural traps of 8 EU coun-
tries alone, and much more in the unconfined
aquifers.

Un-mineable coal seams. These offer another
opportunity to store CO,, at a low net cost. In
Enhanced Coal Bed Methane (ECBM) projects
if a production well is opened, the coal
adsorbs CO, and N, and methane is dis-
placed, enhancing its production. While this
approach is still in its early stages and needs
more research, it is considered a promising
concept due to the added value of the pro-
duced methane.

Is CO, storage safe?

Since CO, (as a supercritical gas) is to be
stored in reservoirs for thousands of years, it is
vital to ensure that there is a low risk of it
migrating out of the reservoir. To achieve this,
considerable work is being carried out on the
safety of CO, storage in a number of EC sup-
ported R & D projects. Significantly, a number
of reservoir modelling studies have been car-
ried out, in order to evaluate the potential
migration of injected CO,, from aquifers through
the overlying water saturated rock strata. The
general conclusion is that, by upward molecular
diffusion alone, it would take many thousands
of years for the CO, to reach the surface follow-
ing the end of injection.

The results of seismic monitoring of CO,, injec-
tion into the Sleipner field demonstrate that the
gas has accumulated in thin layers, and that
these have so far remained localised. It is also
important to note that many reservoirs have
safely held hydrocarbon gases or liquids over
whole geological eras, as this suggests that
injected CO, can remain in such structures for
similar periods of time. Indeed, many oil and gas
reservoirs also hold appreciable quantities of
CO,, mixed with the hydrocarbons. This should
further raise confidence that the CO, can be
stored safely. Another factor is that many exist-
ing oil and gas reservoirs have been successfully
adapted to store natural gas as a peak smooth-
ing mechanism. This is a more demanding activi-
ty than CO,, storage, because the gas is regularly
injected and removed to meet consumer
demand. There is already a considerable bank of
information on the adaptation of geological
reservoirs for natural gas storage that can be
drawn upon to assist the development of CO,
storage.

Sleipner A|

4

2001 perspective view of CO, accumulations

CO, injection in the Utsira formation | 2004 2001 1999
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Markets and regulations

Major capital investment in new generation technologies is
required, and so market studies driven by macro-economic
considerations, population growth projections, prices of
fossil fuels, progress of other technologies and social con-
cerns must be performed.

These issues are crucial as, without strong regulatory poli-
cies, the investment and development required to deliver
low carbon technologies are unlikely to be realised — the
private sector would lack the long-term certainty needed
to commit its funds. Industry requires clear, coherent and
stable regulations and frameworks to promote the adop-
tion of carbon capture and storage projects; an uncertain
regulatory framework might trigger such high volatility of
CO,, prices that risk increases and appropriate capital
investment in low carbon technologies is discouraged.

There is also a need to determine the distribution of such
risk across energy market players and governments. Thus
co-ordination between Member State and EU programmes
and those of industry and the research community should
be enhanced.

Regulatory policies applying to the long-term geological
storage of CO,, must be defined, particularly with regard to
monitoring, leakage and liability. In working to achieve
this, the ZEP Strategic Research Agenda and Strategic
Deployment Document will become involved with other
EU initiatives, including the European Climate Change
Programme Il.

A fully integrated strategy

Key areas are being addressed to guide
Europe towards establishing Zero Emission
Fossil Fuel Power Plants.

The strategy will:

e Cost-effectively improve the efficiency of the
fossil fuel to electricity conversion process;

e fvaluate, optimise & implement technolo-
gies for CO,, capture;

* Deal with the issues relating to CO,, trans-
portation and infrastructure;

e Resolve the remaining issues (technical,
political, public acceptance, health & safety)
relating to CO,, storage and use.

Maximum efficiency and the capture technolo-
gies needed will be achieved through a learning
process — multidisciplinary research and
development (including component validation
in test facilities) will give rise to technology
demonstration plants, providing experience to
guide the deployment and operation of the
first commercial plants.

The way forward

Building on experience

Knowledge management will be developed and imple-
mented to ensure that progress is optimised. The rein-
forcement of existing networks, together with the
establishment of new ones, will support the expansion of
knowledge and the advancement of its practical application.
ZEP will assist in this, with all stakeholders working
together to achieve the same objective.

Supporting RD&D

The Strategic Research Agenda (SRA), showing the way for
Europe to reach Zero Emission Fossil Fuel Power Plants by
2020, will define key areas for attention and will provide
continuity for the RD&D programmes of both Member
State governments and the European Commission. At the
same time, industry will be encouraged to make a long-
term commitment. A second document, the Strategic
Deployment Document (SDD), will address how the tech-
nology will be transferred into the market, presenting a
roadmap with interim target points. Crucially, the deploy-
ment plan will involve continued demonstration activities
to showcase EU technology innovation, together with
recommendations and ideas on regulations and policies
that will establish a successful commercial business envi-
ronment.

Coordination and integration

Co-ordination between stakeholders across Europe will
enable knowledge-transfer and the building of networks.
Activities will be governed by the integrated research,
development, demonstration and deployment strategy.
A Mirror Group comprising the EU member countries will
work with ZEP to reinforce coordination and integration of
the SRA and SDD with member country objectives and ini-
tiatives. Alignment of the member EU countries with the
recommendations of the SDD, will provide the greatest
opportunity for success of the ZEP vision.

Effective dissemination

A significant amount of work remains to be done to pro-
mote public understanding that the technologies are safe
and reliable and that substantial benefits will be gained
from their deployment. Information to be disseminated
must be well-researched, accurate, authentic, and pre-
sented in a clear and unambiguous way. Communications
must underline the principal objective: an environmentally
friendly, efficient, safe and competitive energy economy.
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Glossary of terms

ccs
co,
EC
ECCP
EU
ETP
ETS
GHG
Gt
16CC
IPCC
NGCC
PC
PCSC
RTD
RD&D
ZEP

Carbon Dioxide Capture and Storage
Carbon Dioxide

European Commission

European Climate Change Programme
European Union

European Technology Platform

Emissions Trading Scheme

Greenhouse Gases

Giga tonnes = 1 billion tonnes = 1,000 million tonnes
Integrated Gasification Combined Cycle
Intergovernmental Panel on Climate Change
Natural Gas Combined Cycle

Pulverised Coal

Pulverised Coal Supercritical Power Plant
Research and Technical Development
Research, Development and Demonstration
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