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FOREWORD

There is now scientific consensus that human activities, and in particular the way we transform and
use fossil fuel energy, are responsible for increased CO2 concentrations in the atmosphere and
climate change. The work done by the IPCC (International Panel on Climate Change) of the UNFCCC
(United Nation Framework Convention on Climate Change) has been instrumental in building this
consensus.

There is also growing evidence that the CO2 concentration in the atmosphere which would enable
us to limit the negative effects of climate change to something acceptable, for instance, to limit the
average temperature increase to less than 2°C -the EU objective- , will not be achieved with current
policies in place. From an energy supply point of view, this translates into saying that renewable
energy sources, which are essentially carbon-free, will not be deployed quickly enough.

An important point, highlighted by the Stern Report, is that the costs of adaptation to climate
change will be at least an order of magnitude larger than the costs of mitigating climate change.
This is a clear call for immediate action.

Given the problems created by the build up of COz in the atmosphere, and that COz-free energy
sources cannot be deployed quickly enough, transition technologies are needed. CO2 capture and
storage is such a transition technology. It will allow the use of fossil fuels, in particular coal, in a
way which is compatible with a sustainable environment.

Coal is abundant and will very likely be used where it is available at competitive prices. Estimated
reserves of conventional oil and gas amount to approximately 300 Gtons of carbon, which, if
released instantaneously in the atmosphere would roughly double the present CO2 concentration,
which is already 30 to 40% above the pre-industrial average. In contrast, the estimated coal
resources contain approximately 3000 Gtons of carbon, or 10 times conventional oil and gas. Unlike
oil and gas, coal reserves are reasonably well distributed throughout the world, with vast amounts
available both in developed economies, like in the US, and in developing economies, like in China
and India.

It is against this background that research activities in CO2 capture and storage have become a
priority topic in energy research in the Framework Programmes for Research and Technological
Development of the EU. Two main objectives are addressed.

For CO2 capture, the challenge is to separate CO or CO2 from synthetic fuels derived from fossil
fuels, or to separate CO2 from the flue gas. This is respectively pre- and post-combustion capture.
There are also alternative ways, like for instance having the combustion in almost pure oxygen
(oxyfuel combustion), which produces a stream of highly concentrated CO2, but requires the
separation of oxygen from the air.

The necessary separation processes, based on solvents, membranes, cryogenic technologies or other
chemical or physical processes exist, and are already applied in industry, for instance in the
petrochemical industry to increase the yield in the lighter fractions in oil distillation, or in the food
industry, to produce CO2 for the fuzzy drinks.

The challenges are to decrease the cost of capture and to scale-up the technologies to the size
required to address large scale power generation and make it almost CO2 free. From the point of view
of size, a large coal plant of 1000 MW will typically generate about 8000 tons of CO2 per day or about
3 million tons per year if it is running at base load. This is more than one order of magnitude larger
than existing separation technologies. From the point of view of costs, the current technologies, if
applied, would cost anywhere between 20 and 50 € per ton of CO2 separated, which translates for a
large coal plant into an increase in the cost of the electricity produced of about 30% on average.




Fossil fuel based power generation with CO2 capture and storage will be competitive in a mix of low
CO2 emitting technologies if these costs are properly addressed and reduced, both in their capital
expenditure and operational expenditure dimensions. Another reason to address the operational
expenditure dimension is that, in reality, most of it is the cost of increased fossil fuel consumption,
because of the efficiency penalty when CO2 capture is applied.

For storage, the major challenge is to ascertain the safety and reliability of storage of CO2z in
geological formations at all timescales.

Only geological storage of CO2 is considered to be environmentally acceptable in the EU. Ocean
storage above the seabed, for instance, is not considered acceptable. Several geological settings are
envisaged as potential storage sites, oil and gas reservoirs, in exploitation or depleted, non mineable
coal seems, and deep saline aquifers. In all cases, the COz should be under a hydrostatic pressure
of more than 70 bars (that is deeper than 700 meters on-shore) to make sure that it is stored as a
supercritical fluid, and not as a gas. From a storage potential point of view, estimates — also obtained
in Framework Programme research contracts — are that deep saline aquifers have the potential to
hold more than all of the CO2 which would be produced if we used all of the oil, gas and coal. These
geological formations are — like coal reserves — quite evenly spread across the world.

The challenge is therefore to make sure that the injection of CO2z in these strata is a safe process,
from the immediate health and safety issues associated with the injection process, to the CO:2
storage permanence required to effectively address climate change. From this point of view, CO2
injection and storage, like any other engineering activity, will require a proper legislative and
regulatory framework, norms and standards, good practice, and common sense. Mother Nature,
which has stored oil, gas, water and CO2 for million years, indicates that this should be feasible.

Certification processes and a proper accounting system will also be required in order to allow the
stored COz to be counted against national CO2 emissions in the context of a CO2 trading scheme for
instance.

The health and safety aspects are also directly related to the public acceptance of the technology.
An inadequate public awareness or worse, an inadequate safety level, will surely translate into a new
Not | My Back Yard (NIMBY) reaction.

Safety is also directly linked to the long term liability issue. The timescales required to effectively
combat climate change are incompatible with the operations of a private company, so that liability
transfer to the public authorities must take place sometime after the end of the injection. This can
happen only if proper site certification, monitoring and verification methods are in place.

The projects listed in this brochure, which were all funded under the 6" Framework Programme for
Research and Technological Development of the EU address these problems, each in their own way.
They represent a research and development effort of the order of 150 million €, of which about 70
million € is public money.

The period of FP6, 2002-2006, also saw the emergence of the Zero Emission Technology Platform,
which will be instrumental in providing more coherence to the actions carried out under the 7th
Framework Programme and beyond, at all levels, research portfolio, coordination with the Member
States and international.

Further to the research policy, there are also recent development from an energy policy point of view,
with a "Energy Package" of Commission Communications, published in early 2007, most of the
recommendations of which have been taken on board by the Council. This Communication was
advocating that all fossil fuel power plants built from now on should be capture-ready, and all fossil
fuel power plants built after 2020 should be equipped with capture and storage.

This will allow the EU to be in a dominant position internationally for the large scale deployment of
zero emission fossil fuel based technologies worldwide. It is a pre-requisite for the three pillars of
energy policy — sustainability, security of supply and competitiveness — to be reconciled and fulfilled.
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CASTOR

Objectives

The project's objective is to make
possible the capture and geological
storage of 10% of European CO2
emissions, or 30% of the emissions
of large industrial facilities (mainly
conventional power stations).

To accomplish this, two types of
approach must be validated and
developed: new technologies for the
capture and separation of CO2 from
flue gases and its geological storage,
and tools and methods to quantify
and minimise the uncertainties and
risks linked to the storage of CO-.

In this context, the CASTOR project
is aimed more specifically at reducing
the costs of capture and separation
of CO2 (from € 0-60/tonne to

€ 20-30/tonne CO2), improving the
performance, safety, and environmental
impact of geological storage concepts
and, finally, validating the concept at
actual sites.

The R&D work is divided into three
sub-projects:

e post-combustion capture (65%
of the budget)

e geological storage (25% of the
budget)

e strategy for CO2 reduction (10%
of the budget).

CO:2 from capture to storage

Key Issues

Work on capture is aimed at developing new CO2
post-combustion separation processes suited to
the problems of capture of CO2 at low concen-
trations in large volumes of gases at low pressure.
The processes will be tested in a pilot unit capable
of treating from 1-2 tonnes of CO2 per hour from
real fumes. This pilot will be implemented in the
Esbjerg power station, operated by Elsam in
Denmark.

The objectives of work on post-combustion
capture are:

e development of absorption liquids, with a ther-
mal energy consumption of 2.0 GJ/tonne CO2
at 90% recovery rates;

e resulting costs per tonne CO2z avoided, not
higher than 20-30 €/tonne CO2, depending
on the type of fuel;

e pilot plant tests showing the reliability and
efficiency of the post-combustion capture
process.

The work on storage will provide the European
industrial community with four new storage facil-
ity case studies representative of the geological
variety of existing sites across Europe:

e storage in an abandoned reservoir in the
Mediterranean (Casablanca field, operated by
Repsol, Spain);

e storage in a deep saline aquifer (Snohvit, North
Sea, operated by Statoil, Norway, injection in
2006);

e storage in two depleted gas reservoirs, one
deep, 2 500 m down (K12b, North Sea,
Netherlands, operated by Gaz de France, injec-
tion in 2004), and the other closer to the sur-
face and on land, 500 m down (Lindach,
Austria, operated by Rohdl).

Risk and environmental impact studies will be
conducted and methodologies for predicting the
future of these sites and for monitoring them
will be developed, thereby enriching current
knowledge in these fields. During the time-line
of the CASTOR project, CO2z injection will be
performed in at least two sites: K12b and
Snohvit.

The activity under "Strategy for CO2 reduction"
aims to define the overall strategies required to
effect a 10% reduction of EU CO2 emissions
and to regularly monitor the effectiveness of the
strategies (from capture to storage) from a tech-
no-economical point of view. Research work is
also focused on obtaining data on sources and
potential geological storage capacities from
Eastern Europe (extension of GESTCO European
project).




Expected Impact

CASTOR will yield major impacts in at least three
areas:

o it will make energy systems cleaner. A reduc-
tion of 10% Europe-wide is achievable by
reducing emissions to near zero for about 30%
of European fossil-fuel power plants (in 2010).
It will thereby help to reach internationally
agreed emission targets. CASTOR will also
facilitate a more general move towards hydro-
gen energy systems, for which capture and
storage technology is also required for envi-
ronmental reasons. CASTOR will further assist
the smooth transition to an energy system
based predominantly on renewables, thereby
reducing the likely adverse economic impacts
of a rapid system transfer. As a consequence,
CASTOR can make key contributions to the
solution of major environmental, economic and
societal problems;

it will also contribute to European security
of supply — in this way it will be possible to
continue using coal-fired plants as carbon-low
infrastructure for energy. The present market
position of European research and industry in
the fields of capture and underground storage
of CO2 needs to be further developed, strength-
ened and exploited. These market segments
are expected to gain substantial importance
in the medium- to long-term future. Application
of such technologies will probably become a
requirement for new industrial energy instal-
lations and, with COz trading, also for
existing power plants based on fossil fuels. We
foresee that by reinforcing the competitive-
ness of European players in this market
segment, a world market share of perhaps 80%
in this field can be achieved. This will only be
possible by active participation in technological
innovation and development. Exploitation of
CASTOR results and products is guaranteed
by the active participation of industrial partners.

The United States has just announced
FutureGen, a US$ 1 billion investment to
develop technologies for joint power and
hydrogen production, combined with CO:2
capture, to maintain coal as a fuel for the
future. The USA has not signed the Kyoto
Protocol, and will probably aim at the European
market. A large integrated research effort is
needed to counterbalance this — this is what
CASTOR is all about.
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Objectives

The stated target of ENCAP is to
provide pre-combustion
decarbonisation technologies in power
cycles for large power plants operated
by natural gas, residue oil, hard coal
and lignite with the objective of
achieving:

e at least 90% capture rate for COz;

e 50% capture cost reduction — from a
current level of € 50-60 per tonne of
CO2 captured, covering technical
validation including all steps of
research of selected prospective
concepts with economical
assessment and HSE-conformance -
with links to transportation and
storage.

The scientific objective is to generate
new knowledge and comprehension of
systems, processes, materials and
matter by characteristics of
potentiality, constraints and governing
mechanisms pertaining to pre-
combustion decarbonisation of fossil
fuels, with a bearing on solutions that
(might) facilitate sequestering of CO-.
This objective requires targeted
fundamental and applied research, and
topical involvement by leading
European R&D institutions.

The objectives will be achieved by the
selection of at least one candidate
technology concept — provided
sufficiently high potentiality is
attributed, so that it can be developed
up to a level that is required and
sufficient to ensure viability.
Methodology for the ranking of concepts
will be developed including cost
assessment and validation of critical
elements.

Enhanced capture of CO:2

Key Issues

The research activities of the project are struc-
tured within six subprojects that directly meet the
project objectives:

SP1 Process and Power Systems

Aimed at techno-economic impact-and-feasibil-
ity assessment of options, with recommendations
for subsequent demonstration and scale-up.

SP2 Pre-combustion Decarbonisation
Technologies

Research on new technological features of added
CO2-capture-related components — emphasising
cryogenic technology for oxygen production.

SP3 OxyFuel Boiler Technologies

The use of oxygen/recycled carbon dioxide in
large boilers constitutes a new area for research
and verification in fundamental and larger-scale
testing.

The concepts initially developed will use cryo-

genic technology for oxygen production.

SP4 Chemical Looping Combustion

Emphasising cyclic materials, reactors, and oper-

ational aspects.

SP5 High-temperature Oxygen Generation for
Power Cycles

One obstacle of pre-combustion decarbonisa-

tion in large-scale oxy-fuel (boiler) power
generation is the energy penalty associated with
current cryogenic technology. Therefore, new
non-cryogenic oxygen production technologies
are needed that could offer significant improve-
ments to the power cycle efficiency.

Research on new promising low-cost oxygen
production technologies — emphasising non-
cryogenic technology for oxygen production.

SP6 Novel Pre-combustion Capture Concepts

Addressing new concepts and required know-
ledge that is needed and required in order to
make relevant decisions for pilot tests.

Technical Approach

To meet the objectives of ENCAP, critical sci-
entific actions must be undertaken and resolved
—including:

e assessment studies of materials and cycle
working media, in relation to emerging
concepts, to determine the potentiality and
impacts of candidate materials on perform-
ance and the cost of actual capture concepts,
including criteria for materials selection and
testing conditions;

e research on absorbents and permeable mem-
branes (polymeric and ceramic) having a
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significant impact on large-scale absorption
and separation of selected gas fractions;

research and qualification of oxygen carriers
and oxygen transport dense ceramic
membranes to facilitate oxygen production —
including methods and materials for high-tem-
perature oxygen generation, utilising either oxy-
gen transport ceramic membranes or ceramic
autothermal recovery processing (CAR) —
especially perovskite materials aimed at a cost
reduction of 40% and efficiency improvement
of 40%, as compared to the state-of-the-art;

high-temperature heat exchangers in boilers,
and materials for vapour and CO2 -enriched
atmospheres, in order to withstand the high
temperatures resulting from the combustion
of fossil fuels in denitrogenised air, and parts
exposed to high-temperature-reducing atmos-
phere, including innovative combustion
schemes aimed at increasing the content from
30% to almost 100% hydrogen in gas
turbines;

thermo-fluid-reactive modelling of oxygen
carriers that includes heat-and-mass balancing
models for oxygen carriers required for the
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determination of the relationship between the
performance-stability of oxygen-adsorption and
membrane materials at relevant conditions in
order to achieve the objectives of ENCAP;

e identification of technical and economic
barriers that might reduce the performance
and increase the cost of actual concepts.

Expected Impact

e performing research and development on
pre-combustion CO2 capture and validating it
by testing the technical and economic
feasibility of concepts, and also interacting
with research-related networks and carrying
out training and dissemination;

e ENCAP will generate knowledge and results
that enable power companies to launch a new
design project by 2008- 2010 aimed at a large-
scale demonstration plant;

e enhancing the competitiveness of European
industry;

e contributing to the creation of a European
Research Area for CO2 capture.
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CACHET

Objectives

The overall goal is to develop
innovative technologies which will
substantially reduce the cost of CO2
capture, whilst simultaneously
producing Hz from natural gas fuel.
Several promising technologies already
identified as having the potential to
significantly reduce the cost of CO2
capture will be further developed and
evaluated. The intent is that the
technology will be ready for pilot-scale
testing from 2009 and then
subsequent pre-commercial
demonstrations and readiness for
full-scale commercialisation is
expected around 2015.

CACHET will focus on developing
technologies for use with gaseous
fuels, principally natural gas, although
some will also be adaptable for use
with syngas derived from solid fuels.
Most other existing international and
EU FP6 CO:z capture R&D is focused
on solid fuels, so CACHET will be the
leading international R&D programme
targeting CO2 capture from gaseous
fuels, positioning Europe to be the
world leader in this area which is
identified as a priority in the call.
The technologies developed in
CACHET will be applicable to CO2

in the power generation sector, where
substantial cost reductions will be
available to zero-emissions
fossil-fuelled CCGT power plants.
The technologies will also bring
improved economics to industrial
processes such as crude oil refining
which use Hz on a large scale.

Carbon Dioxide Capture and
Hydrogen Production from Gaseous

Fuels

Technical Approach

The overall goal of the CACHET project is
to develop innovative technologies which will
substantially reduce the cost of CO2 capture
whilst simultaneously producing Hz from natural
gas fuel. Existing CO2 capture costs are in the
range 50-60 €/te and CACHET will target
a substantial reduction to 20-30 €/te with 90%
capture rate and COz delivered at pipeline
pressure for disposal.

Specific objectives may be summarised as
follows:

e progress the development of four distinct
candidate technology areas to proof of con-
cept, with each area containing a number
of leading-edge technologies;

e conduct a review of relevant published litera-
ture world-wide and conduct screening
evaluations of any promising technologies that
might impact on the CACHET project;

e gather sufficient technical and cost data
from the technologies to feed-in to a consitent
evaluation;

Primary
combustion
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Hol Gas Generator

Secondary
combustion

¢ define a technical and economic base-case for
technology evaluation;

eapply systematic design methodology to
each of the technologies, with the intention
of identifying optimised process designs for
technologies both individually and also tech-
nical and economic synergies arising through
innovative combinations of technologies;

e complete a rigorous risk-based technical and
economic evaluation of the technologies;

e recommend for pilot the preferred technology,
or a combination of preferred technologies, or
key element(s) of the preferred technology;

e valuate the health, safety and environmental
impact of deployment of the technology;

e protect the intellectual property generated
by the project and disseminate the results
according to agreed documented plans;

e evaluate the results produced by the R&D
effort, confirm that the overall goal of the
CACHET project has been met and provide the
necessary performance data to allow scale-up
to a pilot plant.

Exhaust gas

Hot Flue gas

Expander

Catalytic Reactor/Exange

SP1-WP1: Hygensys: the process concept




Pre-combustion capture is the only approach for
conversion of gaseous fuels to Hz while captur-
ing CO2. The energy industry-sponsored CO2
Capture Programme (CCP) has identified numerous
technology options in this field. Following a four-
year period of extensive assessment, the CCP
project selected several innovative technologies
exhibiting high-potential efficient Hz production
with CO2 capture, and which meet EU cost
targets of € 20-30 per tonne for CO2 capture.

The most promising technologies are ‘Hygensys’
(advanced steam methane reforming), Redox
Technologies (‘One-Step Reforming’, and
‘Chemical Looping Reforming’), ‘Hydrogen
Membrane Reactors for Natural Gas Reforming
and Water Gas Shift’, and ‘Sorption-Enhanced
Water Gas Shift’. All of the selected technologies
are still in the development phase. In each case
research has confirmed the feasibility of the
processes. Further development is needed to
generate sufficient technical performance and
cost data to perform an economic assessment
and technology risk analysis of a large-scale plant
before the most promising technology can be
selected for pilot-plant scale assessment.

Expected Impact

The CACHET programme meets the European
strategic and policy objectives of research into
sustainable energy systems, particularly in the
area of reducing greenhouse gases associated
with continued use of fossil fuels. It is based on
the use of natural gas fuel, which will form an
increasing proportion of European fossil fuel
demand in the future. The proposal will develop
and reduce the cost of technologies to enable
deep reductions (ca 90%) in greenhouse gas
CO:2 emissions associated with Hz production
from natural gas fuel for use in power, industry
and Hz production. The technology developed
in this project will make a material contribution
to this key deliverable of the sustainable ener-
gy thematic area, namely that of reducing green-
house gas emission levels in future. It is also
important as an enabling process in the transi-
tion to the Hz-based economy of the future.

CO2 capture and storage is not expected to be
commercially deployed until ca 2015, and the
technology developed in this programme will be
available in this timeframe. Thus the potential
impacts on European and global emissions from
these technologies will occur in the medium to

Ed van Selow and Paul Verbraeken, ECN, review
the results and monitor rig performance

long term. This will contribute to the goal of
stabilisation of atmospheric CO2 concentrations.
The issue of global warming and the cost of its
mitigation is potentially one of the most serious
threats to economic development. It is clear that
technologies which reduce this cost and accel-
erate the implementation of CO2 mitigation
schemes will have wide ranging socio-economic
benefits. The timescales in which the impacts
of climate change will be felt and the CO2
trajectories with and without CO2 capture dic-
tate that the benefits of early and widespread
deployment must have significant and very
long-term global benefits.
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Towards Hydrogen Production with
CO2 Management

Key Issues Technical Approach
Five topical areas are identified as having a
special bearing on the overall objective:

ObJECtIVGS e decarbonisation of fossil fuels facilitating

co-production of hydrogen and electric power
generation;

DYNAMIS will do the assessment and ranking
of candidate options (technologies, policy,
societal) that are or may become viable in a
large-scale co-production scenario of hydrogen
and electric power generation from various
feedstocks. This includes:

DYNAMIS will investigate viable routes

to large-scale cost-effective hydrogen
production with integrated CO2
management, for use in power
production or other aspects of society.
It is designed as an element of the
HYPOGEN initiative, part of the
European Commission’s Quick-Start
Programme for the Initiative for
Growth. Foreseen to take 10-20 years,
HYPOGEN has the goal of providing
Europe with a realistic and
economically viable route to a
hydrogen economy (to be based
eventually on renewable energy
sources) and includes, as an interim

step, the construction of a large-scale
test facility for the production of
hydrogen and electricity from
decarbonised fossil fuels — with
permanent CO: storage.

DYNAMIS represents the first step on
that route, designed to rank the
options and reduce the risk element
for subsequent development of a full-
scale HYPOGEN pilot plant by industry
post-2008. Within a time span of three
years, DYNAMIS will particularly
address five main dimensions that are
deemed essential for pursuing the
HYPOGEN initiative.

Essentially, the efforts of DYNAMIS
include research and extension of
common practice in industry and
society towards a new energy
paradigm. DYNAMIS will involve only
intellectual work without any planned
demonstration. Its results will mainly
be submitted by written reports and by
seminars and meetings.

hydrogen separation including cleaning,
conditioning and export facilities for piped,
tanked or liquefied hydrogen;

new power cycles requiring a large-scale
topping cycle based on gas turbines that oper-
ate on hydrogen or hydrogen-enriched fuels
(still to be developed for their intended
purpose);

reliable storage of COz2, via capture, pre-treat-
ment, transport and injection of CO2 into geo-
logical structures or, optionally, for enhanced
oil/gas recovery (EOR/EGR);

societal anchorage, including legal, regulatory,
funding and economic aspects, and public issues.

e viability assessment (studies) subjected to

the vision of a realistic and economically
sound route to feed hydrogen into a (prospec-
tive) European hydrogen economy, based even-
tually on RES;

transformation of main results into techno-
/economic selection criteria pertaining to
technology, site locations (plant and CO:2
storage sites), size, stakeholders and players
in the supply chain — including the emerging
CO2 branch;

pre-engineering studies and planning of plants
for co-production of hydrogen and electric
power including separation of hydrogen and
CO:2 (capture);
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HYPOGEN plant could be generally anchored
in society in the context of public acceptance.

e identification of financing mechanisms, legal
and regulatory frameworks as well as the
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Generalised polygeneration schemes with CCS. The chart was
developed by SINTEF Energy Research for the DYNAMIS project
aimed to prelude the HYPOGEN demonstration and HYCOM by
2012-2015 under the European Quick-start initiative.
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ISCC

Objectives

The project aims to develop a new
process for upgrading high-moisture
low-rank brown coals yielding three
valuable products:

e a fuel gas consisting mainly of
hydrogen;

® a purge gas stream containing
> 95% CO2, ready for transportation
to sequestration (CO2z capture >
90%) or chemical fixation;

* a pre-calcinated feed for a cement
kiln consisting of Ca0O, coal ash
and required additional minerals.

Expected results are a detailed
definition of an environmentally
friendly, highly efficient coal
technology producing a highly enriched
H2 product gas via in situ CO2z capture;
a detailed technical assessment of
process efficiency in terms of energy
(coal to H2) and CO2 captured (% of
input); a life-cycle assessment (LCA)
including Hz production costs and
costs per tonne of CO2 captured;

and a European business plan

for the exploitation of results.

Innovative in situ CO2 Capture
Technology for Solid Fuel

Gasification

Key Issues

Screening of available coal and sorbent material
and required product quality: available coal and
possible sorbent material resources in the EC
are analysed and assessed in order to select
suitable feedstock materials. The quality of
process products, as well as the conditions of
CO2 sequestration, will be defined for an eco-
nomic operation in a technical plant. Basic
process investigations will be carried out in order
to develop advanced high-temperature sorbents.
Sorption conditions will be studied in order to
optimise process efficiency and CO2 seques-
tration as well as the economic supply of solid
sorbent materials. Pilot-scale experiments will
be carried out to validate the results of the basic
investigations and demonstrate the technical
feasibility of the integrated process. Technical
and socio-economic evaluation will assess the
results of the investigations and compare the
process with other low COz-emitting power
processes, taking into consideration technical,
social, ethical and economic criteria. The eval-
uation will feature an LCA and a European busi-
ness plan for the exploitation of results.

Expected Impact

The following will be generated in order to eva-
luate the technical and socio-economic feasi-
bility of a process based on ISCC technology:

¢ a detailed technical assessment of process
efficiency in terms of energy (coal to Hz) and
CO2 captured (% of input);

e plant design for a semi-technical power facil-
ity (1 MW) to investigate the integrated process
on a semi-technical level;

e a life-cycle assessment (LCA) including Hz
production costs and costs per tonne of CO2
captured;

e a European business plan for the exploitation
of results.

If the feasibility can be shown, the development
will be continued. Once the process becomes
commercial, it can be applied in areas where
low-grade lignites are available. It has the poten-
tial to supply 10-20% of European power
production.

Carbonaceous CaSitieT
fuel + H20 (g) T = 650-800°C H2y (Coy CH4)
P = 1-20 bar

Schematic represenation of the ISCC process

Regeneration
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C3-CAPTURE

Objectives

The project aims to develop an
advanced dry CO2 capture system
applicable for both PF and CFB boiler
systems. Two options for CO2 capture
from boiler systems are investigated:
an integrated atmospheric fluidised
bed system for post-combustion
capture from PF or CFB boilers, and
an in situ capture system for PFBC
boilers. The atmospheric option will

be directed to the development of

a pilot plant application. For the
pressurised option, the project will
seek a proof of principle to determine
if the expected benefits of a
pressurised capture system can
balance the known limitations of PFBC
systems. The quantifiable objectives of
the development are:

¢ low CO2 capture costs (< for
atmospheric, < 12€/tonne for
pressurised systems);

e |ow efficiency penalty for CO2
capture (6% e including CO2
compression to 100 bar). The
efficiency penalty is even lower (4%)
when considering the integration with
a cement plant where precalcined
feed reduces energy consumption
and CO: release;

® > 90% carbon capture for new power
plants and > 60% for retrofitted
existing plants;

e a calciner gas stream containing
> 95% CO2 (dry base);

e a solid product usable for cement
production;

¢ simultaneous sulphur and CO2
removal with sulphur recovery option.

Calcium Cycle for Efficient and
Low-cost CO2 Capture using
Fluidised Bed Systems

Key Issues

e Process definition: the critical issues of a
calcium cycle for CO2 capture have already
been identified in previous work. Based on
this knowledge, the process requirements for
the sorbents and the three base cases (new
atmospheric, retrofitted atmospheric and new
pressurised plant) for fluidised bed systems
with carbon capture will be defined.

e Selection and improvement of sorbent materi-
als: attrition and capture activity of the sorbents
will be addressed by multi-cycle testing in order
to assess the expected sorbent lifetime and
performance. New sorbent pre-treatment
and reactivation technologies will be developed
to increase the sorbent lifetime.

e Lab-scale investigation of combined CO2/
sulphur removal: The combined CO2z and SOz
capture is an intrinsic advantage of the tech-
nology. Investigations will focus on optimum
conditions for both SO2 and CO2 capture, and
competing effects. Furthermore a staged regen-
eration, yielding separate CO2 and SOz streams,
will be tested.

e Experimental testing: atmospheric and
pressurised processes will be tested in exist-
ing semi-technical scale FB equipment to
determine capture performance and sorbent
behaviour under realistic conditions. This
includes comprehensive calcinations and
carbonation testing in different atmospheres
and pressures, as well as integrated testing
of the closed loop continuous operation.

e Technical and economic evaluation: process
efficiency and COz capture costs will be cal-
culated for the three base cases, assuming a
250 MWe power plant to assess the commer-
cial feasibility of the process. This task includes
an LCA for the most promising option.

e Pilot plant design: layout and design work for
the modification of a 1 MW CFB pilot plant for
a fully integrated pilot plant with integrated C3-
capture system. This pilot is the intermediate
step for a first demonstration for an atmospheric
capture unit, which is expected to be the first
commercial process.

Technical Approach

Limestone is a COz carrier. The COz can be
released easily in a conventional calcination
process which is well known in the cement and
lime industry. By integrating a closed carbona-
tion/calcination loop in the flue gas of a
conventional CFB boiler, the CO2z in the flue
gas can be removed. The heat required for
calcination is released during carbonation and
can be utilised efficiently (i.e. at high temper-
ature) in the steam cycle of the boiler. Highly
concentrated CO2 can be generated when using
oxygen-blown calcination. Because the fuel
required for supplying sufficient heat for calci-
nation is only a fraction of the total fuel require-
ments, the required oxygen is only about 1/3 to
1/2 of the oxygen required for oxyfuel processes.
Since limestone is a low-cost material with good
geographical distribution, it allows the use of
local limestone resources from power plants for
CO2 capture with minimal limestone-related
infrastructure investment.
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CLC-GAS POWER

Objectives

Chemical looping combustion (CLC)
is a new, indirect combustion process
with inherent separation of CO-.

The CLC technology uses metal oxide
particles for oxygen transfer from
combustion air to fuel, thus CO:z is
obtained in a separate stream without
any gas separation needed.

The process features 100% CO2 capture,
a highly concentrated stream of CO2
ready for sequestration, no NOx
emissions, and no costs or energy
penalties for gas separation. CLC uses
well-established boiler technology very
similar to circulating fluidised bed
boilers, which also means that costs can
be assessed with great accuracy. CLC

is estimated to achieve CO2 capture cost
reductions of 40-50% compared to
today’s best available technology, namely
post combustion amine scrubbing.

Critical issues for an up-scaling of CLC
to a demonstration phase of 20-50 MWe
have been identified. The project will:

e establish industrial-scale metal oxide
particle production including
availability of suitable commercial raw
materials;

¢ extend operational experience in long-
term tests of particles in available
prototype, >1000 hours;

e scale up process to 100/200 kWth
with advanced features, using
existing CFB rig;

e extend and verify modelling capability
for scale-up;

¢ perform process and technology scale-
up to prepare for industrial 20-50
MWe demonstration unit and produce
update of economic assessment.

Chemical Looping Combustion
CO2-Ready Gas Power

Key Issues

The critical issues that need to be addressed
for an upscaling of this CLC technology to a
demonstration step have been identified
jointly by the industrial and university/research
partners. It is the objective of the project to
establish and validate solutions to these issues,
thereby enabling a future demonstration phase.
These issues include:

e identify process suitability of raw materials
commercially available at competitive prices;

e establish best commercial particle production
technique for upscaling from the laboratory
freeze-granulation method so far applied;

e adapt alternate particle production paths with
potentially lower production costs;

e investigate possible effects of gas impurities
on particles, primarily sulphur;

e |ong-term testing in an existing 10 kWi CLC
prototype unit to confirm mechanical and
chemical integrity of particles;

e testing of intermediate CLC demonstration
unit at 100-200 kWi scale;

eextend and verify modelling capability for
process performance optimisation and scale-up;

e process and technology scale-up to prepare
for industrial 20-50 MWe demonstration unit.

Chalmers’ 10 kW chemic-al-looping combustor
Technical Approach

e |dentify process suitability of raw materials
commercially available at competitive prices.
The particles produced in the previous GRACE
project were based on expensive so-called
pro-analysis chemicals of the highest possible
purity, in order to avoid any uncertainties
regarding effects of impurities. For cost
reduction reasons, it has to be verified that
raw or semi-finished materials commercially
available are equally effective.

e Establish best commercial particle production
technique for upscaling from the laboratory
freeze-granulation method so far applied. The
laboratory production method used, freeze-
granulation, is suitable for smaller batches
but, for large-scale production, spray-drying
appears to be the best method. Spray-drying
is a common industrial practice for producing
large amounts of particles at low cost.

e Adapt alternate particle production paths with
potentially lower production costs. The use of
commercial techniques for catalyst preparation
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reactor and released there, and whether to unit, and will provide vital information on
assess the fraction of sulphur released in the scaling-up, operational control principles to
air reactor in view of the possible need for flue simulate part-load operation and upset
gas cleaning. conditions, particle behaviour and emissions.

e | ong-term testing in an existing 10 kWi CLC e Extend and verify modelling capability for
prototype unit to confirm mechanical and process performance optimisation and scale-
chemical integrity of particles. Although the up. Reliable models and process simulation
GRACE tests clearly suggest that the lifetime are key scale-up tools for performance mapping
of the particles should be very long, this needs and for executing the development of a
to be verified in long-term operation of the  well-engineered integrated CLC Process
process. In view of the operational costs, this layout. Detailed modelling studies, based on

GRACE achievements, are required for air and

fuel reactor and will be benchmarked by exper-

imental results of the 100/200 kW pilot
reactor. A global simulation model will be set
up for process optimisation, which is essential
for analysis of process integration options,
part-load behaviour and off-design operation.

e Process and technology scale-up to prepare
for industrial 20-50 MWe demonstration unit.
Environmental assessment is needed to ensure
the process meets high standards of environ-
mental performance and workplace safety. In
order to fully understand the commercial
viability of the process for a large-scale unit,
it is vital to use information from WPs 1-7

Oxygen-carrier particle using nickel oxide for oxygen ) }
transfer to develop an integrated design.




DESANNS

Objectives

CO: capture process represents the
most significant cost involved in CO2
capture transport sequestration and is
estimated at about 75% of the total
cost. The currently used amine-based
systems for CO2 removal have several
disadvantages such as additional
processing with a dehydration unit,
considerable heat regeneration of the
solvent and corrosion control. Such
problems can be overcome by using a
PSA-based system. In natural gas
upgrade, the replacement of the usual
amine- COzremoval process by a PSA
one is expected to lead to a 20%
reduction of operation costs resulting in
a saving of around € 1.2 million per
year per process.

However, the adsorbents that most
readily adsorb COz — such as the zeolites
that are used for removal of trace
amounts of CO2 — are difficult to
regenerate without heating. Thus
conventional processes suffer from low
productivity and high operating costs.
Another problem arises in that in
thermal processes such as biomass
energy conversion, the CO2 which
requires capturing is produced at high
temperature, whereas the separation
process needed for CO2 purification that
may follow is more likely to occur at
room temperature. One may therefore
require a specific nanoporous material
for each process. The use of such
nanomaterials should successfully
replace traditional, pollution-prone and
energy-consuming separation processes.
Furthermore, synthesis gas (syngas) is
produced from methane (natural gas) as
an intermediate step in the production
of hydrogen.

Advanced separation and storage of
carbon dioxide: Design, Synthesis
and Applications of Novel
Nanoporous Sorbents

Key Issues

Five aspects are tackled during the project:

e What are the most appropriate building block
for an adsorbent?

e What are the best pore sizes and architectures?

e How do adsorption properties agree with those
predicted from calculations obtained for mate-
rials designed from the two first points?

e What are the industrial prospects in terms of
the scale-up of the synthesis of the novel adsor-
bents pinpointed above?

e How does the adsorbent behave with respect
to specific applications involving environ-
mentally sensitive gases?

The basic building blocks required for adsor-
bent synthesis will be investigated with respect
to gas interactions. Such groups will include
metals, cations, silicon/aluminium wall ratio
and organic ligands. After choosing a zeolite
benchmark, the project will concentrate on the
synthesis of two families of nanoporous mate-
rials: periodic mesoporous oxides and metal
organic frameworks. An experimental/modelling
approach will be followed to search the most
suitable materials with the most appropriate
building blocks, pore size and architecture. The
materials will be characterised by adsorption of
carbon dioxide and tested under industrial con-
ditions. Several materials will be studied for
synthesis up-scale. A test application of CO2
elimination during Hz production from syngas
will be investigated before providing a generic
modelling tool to select adsorbents for further
applications.

Technical Approach

Parameters from these studies can be input into
models and computer simulations to extend the
initial screening to other chemical compositions
and compensating cations. These benchmark
studies can then be used as a basis for the
investigation of novel materials. Amongst
the potential materials that could be used for
applications with respect to carbon dioxide, we
will concentrate on two options.

The first option is to use Periodic Mesoporous
Oxides (PMO) such as the MCM and SBA series.
These aluminosilicate materials possess
long-range order and well-defined regular pore
structures in the mesopore (20-100A) range,
but are amorphous at the atomic length scale.
Whilst the basic materials have large pore
volume, the adsorption properties are certainly
not optimal with respect to carbon dioxide. There
is a possibility however, to graft ligands or to
occlude metal sites on the surface of such mate-
rials which can be specific to the adsorption of
carbon dioxide. Such hybrid materials, with
amine ligands for example, allow us to produce
a tailored surface layer in which the COz, in
effect, “dissolves” in a similar way to e.g. amine-
based adsorption processes. The opportunity to
test other ligands, e.g. exploiting the quadrupo-
lar nature of CO2, should also be pursued.
Furthermore, we can transfer parameters from
the initial zeolite benchmark such as the opti-
mal Si/Al ratio by modifying the chemical com-
position of the PMO. Such materials can provide
an encouraging pathway to explore, as prelim-
inary results of Partner 4 indicate that involv-
ing this type of adsorbent in a PSA process is




promising; as the adsorbent is less strongly
adsorbing than a typical zeolite but the usable
capacity in a PSA cycle is actually higher.

The second direction to explore with respect
to new materials is to use metal-organic
frameworks. Metal-organic framework (MOF)
nanoporous materials can be synthesised with
many of the functional capabilities of zeolites.
As they have similar framework structures,
metal-organic framework materials are some-
times referred to as “metal-organic zeolites”
although they are not true zeolites. These
materials are synthesised in a self-assembly
process from different building blocks and
generally consist of metal vertices intercon-
nected by organic linker molecules as shown
schematically below. Such systems have been
shown to be stable under vacuum up to 500°C
which make them ideal for PSA-type applica-
tions. In addition they are characterised by a
low density, and the chemical syntheses are rel-
atively inexpensive and environmental-friendly
as they are non-toxic.
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HY2SEPS

Objectives

The main goal of this project is

the development of a hybrid
membrane/Pressure Swing Adsorption
(PSA) Hz/ CO2 separation process,
which will be a part of a fossil fuel
de-carbonisation process used for
pre-combustion CO2z capture. Methane
steam reforming is currently the major
route for hydrogen production and will
be employed as a model case.

High purity hydrogen (99.99+%)

is usually recovered from the reformate
by using a PSA process. A typical PSA
waste gas stream (C02-55%, H2-35%,
CHa4 & CO-15%) is not usually recycled
since it has to be recompressed

to the PSA feed pressure in order

to recover only a small fraction of the
recycled hydrogen. Furthermore,

it cannot be used for CO2
sequestration since it contains

significant amounts
of H2 and CHa.

Hybrid Hydrogen — Carbon Dioxide
Separation Systems

Key Issues

A hybrid process is expected to combine the
high throughput and Hz product purity of a PSA
process with the lower operating costs of a mem-
brane process. It is expected to enhance the
overall Hz recovery and provide an Hz-free CO2
stream ready for capture and sequestration. The
key issues that have to be addressed before
implementing such an approach are the
following:

e material research related to existing and new
membrane and sorbent materials;

e generation of transport and adsorption data
for Hz/ CO2 multicomponent mixtures (CHa,
H20, CO) for well characterised membrane
and sorbent materials;

e development and improvement of membrane
and PSA separation models;

e design and optimisation of membrane, PSA
and hybrid separation systems using the
improved models developed;

e component design for the manufacture of a
lab-scale hybrid separation system prototype;

e assessment of the hybrid separation process
sustainability and impact on the environment
based on a life cycle analysis approach.

The following possible innovations are foreseen
as an outcome of this project:

e H2 recovery improvement;

esimplification of PSA operation (reduction
of steps) without loss of recovery and product
purity;

e co-production of high purity Hz and CO:2
streams;

e development of improved membrane and
sorbent materials.

Technical Approach

The main goal of the proposed work is the design
of a hybrid membrane/Pressure Swing Adsorption
(PSA) H2/ CO2 separation process. The general
objectives comply with SP1-Priority 6-1 Work
Programme and more specifically with the
research area topic “Advanced separation
techniques” of the thematic priority 6.1.3.2.4
entitled “Capture and sequestration of CO2 asso-
ciated with cleaner fossil fuel plants”. A hybrid
process is expected to combine the very high
throughput and purity of a PSA process with a
membrane separation process that will increase
the overall Hz recovery and provide a COz stream
ready for capture and sequestration. In order to
achieve this goal during the course of this R&D
project the following scientific and technological
objectives have been identified:

e generation of transport and adsorption data
for H2/CO2 mixtures for well characterised
membrane (zeolite, carbon molecular sieve
and transition metal oxides) and sorbent
(hydrotalcites, zeolites, carbon molecular sieves)
materials (Milestones 2.2, 2.4, 2.5, 3.2, 3.4,
3.5);

e assessment of the effect of minor species
(CHa, H20, CO) in the membrane and sorbent
material performance (Milestones 2.2, 2.4,
2.5,3.2,3.3, 3.5);

e detailed membrane and sorbent characterisation;

e development and improvement of membrane
and PSA separation models (Milestones: 2.3,
3.3,4.1,4.3,5.1, 5.3);

e design and optimisation of membrane and
PSA separation units using the improved
models developed (Milestones: 4.4, 5.4);

e process design of hybrid membrane-PSA
separation systems (Milestone: 6.2);
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e component design for the manufacture of a
lab-scale hybrid separation system prototype
(Milestone: 4.2, 5.2, 6.1);

e overall assessment of the hybrid separation
process sustainability and impact on the envi-
ronment based on a life cycle analysis approach
(Milestones: 7.1, 7.2).

Upon completion of the above objectives, the
following possible innovations are foreseen as an
outcome of this project:

e Hz recovery improvement (5% improvement
of Hz recovery);

e simplification of PSA operation (reduction to
5 steps instead of 7) without loss of recovery
and product purity;

e co-production of high-purity H2 and CO:2
streams (Hz purity at least 99.99+%, CO2
purity 99%+);

e development of improved membrane mate-
rials (CO2 selective membranes: flux: 50
mmol.m-2.s-1, separation factor: 10. Hz selec-
tive membranes: flux: 50 mmol.m-2.s1,
separation factor: 50);

e development of improved sorbent materials
(capacity: 2.5-5 mol/Kg at 30°C, adsorption
rate: 2.10-2 sec! at 1.14 bar).
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CO2SINK

Objectives

The aim of the CO2SINK project is

in situ testing of the geological storage
of CO2. It will advance the
understanding of the science and

of the practical processes involved

in underground storage of CO2 in a
saline aquifer as a means of reducing
emissions of greenhouse gases to

the atmosphere. The storage site near
the town of Ketzin, close to Berlin,
includes industrial land and
infrastructure which make it suitable
as a testing ground for underground
injection of CO:z in a deep saline
aquifer. Being close to a metropolitan
area, the test site provides a unique
opportunity to develop a European
showcase for onshore CO: storage.

It is designed to accelerate public
acceptance of the geological storage
of COz as a greenhouse gas mitigation
option for the benefit of the European
Community. The development of
capture and storage systems requires
targeted research on pilot projects
specifically set up to observe the fate
of carbon dioxide injected underground
with regard to the quality of the seals,
including the chance of leakage
through overlying strata, upward
migration of gas along artificial
pathways, migration of the CO2 within
the reservoir, and the rate at which
CO2 dissolves in brine-filled reservoirs
or reacts with indigenous minerals.
The CO2SINK project aims to develop
such an in situ laboratory for CO2
storage to fill the gap between
numerous conceptual engineering and
scientific studies on geological storage
and a fully fledged onshore storage
demonstration unit.

In situ R&D Laboratory for
Geological Storage of CO2

Technical Approach

The development of the CO2 storage facility at
Ketzin makes use of existing infrastructure at the
gas storage facility in addition to three new wells
which are planned to be drilled to inject CO2
and monitor changes in the reservoir. Setting
up the storage facility, surveying the site,
characterising the sub-surface rocks and fluid,
overseeing drilling, and managing the flow of
information within the project are all part of the
work plan. The work programme of CO2SINK
started with preparation of a baseline survey
of the site and the target reservoir and the
carrying out of a detailed risk assessment to
ensure that the experiment can be conducted
safely. The necessary approvals and consent of
local authorities and residents have been sought.

The plan is to inject some 10 to 30 kilotonnes
per year of pure COz into the reservoir over two
years. The source of the CO2, which will come
by tanker truck, is the hydrogen production flue
gas from the Leuna oil refinery, which is some
150 km from Ketzin. Detailed laboratory tests
are being made of samples of rocks, fluids and
micro-organisms from underground. /n situ
measurements and experiments will be con-
ducted in boreholes. Surface seismic imaging
and borehole seismics are used, together with
novel permanent monitoring instruments at the
surface and downhole. The test site will be used
for upscaling the laboratory results to the field
scale, for the development of monitoring meth-
ods, and as a basis for modelling scenarios.
All these steps will help to prepare for the injec-
tion of CO2 underground, to follow its fate over long
periods of time, and to evaluate the reservoir’s
stability and integrity.

Key Issues

Direct sampling and in situ observation of key
parameters, as well as critical testing of
geological models based on surface observa-
tions, are indispensable for the safe and
sustainable use of the subsurface. An integrated
drilling technology, including time- and
cost-saving drilling procedures, selection of
completion layout and materials tailored to
provide long-term sealing of wells, in situ down-
hole measurement, and monitoring of physical
and chemical parameters combined with
surface investigations, comprises the appropriate
combination of tools. Tasks include the develop-
ment of special logging strategies, the
development of specific sample handling and
field laboratory techniques, and the installation
of project-designed Internet-based data and
information systems to enable immediate access
to the data for all project participants Thus,
the main topics to be addressed by CO2SINK
are storage site development, including secur-
ing the necessary permits, baseline surface
geochemistry of CO2 and geomicrobiology,
geological and geophysical site pre-survey,
laboratory studies on rock-/fluid interactions,
numerical modelling of dynamic flow behaviour,
risk assessment, drilling, logging and casing,
design and installation of permanent downhole
sensors, in situ monitoring of the CO2 migration
in the reservoir rock, development of a drilling
and storage information system, and public
outreach.



Expected Impact

The location of CO2SINK at Ketzin has a num-
ber of appealing features: the existing surface
infrastructure from the gas storage site greatly
reduces the need for new developments; the
geology of the site is known and is representative
of large parts of Europe, which facilitates the
transfer of results; and the local political com-
munity strongly supports the project. The strate-
gic impact of the proposed CO2SINK
project will be to show policy-makers and the
general public that geological storage can be
undertaken effectively and with no adverse affect
on the local population and the natural
environment.

Being a real-life project, CO2SINK will go a long
way to advance the deployment of geological
storage as an option enabling significant cuts in
CO2 emission in the future. In particular, the
project will shed light on the cost-competitive-
ness of storage compared to other methods of
reducing emissions, and whether or not the bene-
fits of implementing the technology outweigh

its disadvantages. The envisaged test facility
will attract considerable international interest
and will most likely contribute to setting the
standards for future large-scale CO2 storage
activities. Successful execution of the CO2SINK
project will provide techno-economic confidence
for subsequent full-scale demonstration
projects to be undertaken by power companies
and hydrogen manufacturers.

INFORMATION

Contract number
502599

Instrument
Integrated Project

Total cost
€ 30 million

EC funding
€ 8.7 million

Coordinator

Prof. Dr. Glinter Borm
GeoForschungsZentrum Potsdam - DE
ghorm@gfz-postdam.de

Partners

Det Norske Veritas - NO

E.ON Energie - DE

GEOS Freiberg Ingenieurgesellschaft - DE
Geological Survey of Denmark and Greenland - DK
IEA Greenhouse Gas R&D Programme - UK
Mineral and Energy Economy

Research Institute - PL

RWE Power - DE

Schlumberger Carbon Services - UK

Shell International Exploration

and Production - NL

Siemens Power Generation - DE

Statoil - NO

University of Kent - UK

Universitat Stuttgart - DE

Uppsala University - SE

Vattenfall Europe Mining - DE
Verbundnetz Gas - DE

Vibrometric Oy Cosma - Fl

Website
www.co2sink.org




CO2GEONET

Objectives

The initial partnership will be between
13 institutes, most of which have a
long and established history of research
in geological storage. Some new players
are also included, either because they
are expected to have significant
national strategic profile in future

CO: storage projects, or they have
capabilities which can be realigned

to strengthen the network, or even
bring uniqueness. For the first time

in an EC FP project, marine biologists
will be drawn into this research topic.
This should lead to:

¢ improved efficiency through the
realignment of national research
programmes, prevention of
duplication of research effort,
and sharing of existing and newly
acquired infrastructure and IPR;

identification of knowledge gaps
and formulation of new research
projects and tools to fill these gaps;

external funding from national

and industrial programmes in order
to diversify, build and strengthen the
portfolio of shared research activities;

formation of the authoritative body
for technical, impartial, high-quality
information on the geological storage
of CO2, to enable public confidence
in the technology, participation in
policy, and regulatory and common
standards formulation;

provision of training to strengthen
the partners, addition of new network
members, and a sustainable
replacement supply of researchers
for the future;

o exploitation of network IPR.

Network of Excellence
on Geological Sequestration of CO:2

Key Issues

World projections of energy use show that
fossil fuel dependency will continue to 2030
and beyond, but sustainability will need a 60%
reduction in COz emissions by 2050. This will
be difficult and will require various strategies.
The associated rise in global CO2 emissions,
without abatement, will be at an average rate
of 1.8% per annum (from the current value of
25Gt p.a. to 38Gt by 2030) - a rise of over
50%. This will be catastrophic for the planet’s
sustainability. Urgent action is needed.

Europe’s CO2 emissions will rise by an average
of 0.6% p.a. up to 2020, from a 2000 level
of 3.1Gt to 3.5Gt by 2020. The rocks under
the North Sea have a theoretical capacity
for storing over 800Gt of CO2z. Capturing CO2
from industrial point sources and storing it
underground (a process that mimics nature) is
a very attractive route to making cuts in CO2
emissions. CO2 capture and storage allows
diverse fuel inputs/outputs, enhances security
of supply, and is well aligned with hydrogen
production from fossil fuels. Through the Joule 2,
FP4 and 5 projects, Europe has led the world
in R&D in this area, with rapid growth this decade.
National programmes are also emerging.

But this success has a downside, creating
fragmentation through diversification. North
America, despite its rejection of Kyoto (except
Canada), has recently embraced CO2z capture
and geological storage and is allocating huge
resources (over $4bn) over the next ten years.
As a result, Europe risks losing its head start.
Therefore, we must work more effectively and
restructure accordingly. The main aim
of CO2GeoNet will be to integrate, strengthen,
and build upon the momentum of previous and
existing European R&D, as well as to promote
European excellence internationally so as
to ensure that Europe remains at the forefront
of CO2 underground storage research.

Technical Approach

The project is divided into three main areas —
integrating activities, jointly executed research,
and the spreading of excellence. In the initial
18 months, work will concentrate on inventories
of relevant infrastructure, staff capabilities
and the results of CO2 storage research to date.
This will enable identification both of gaps in the
research and infrastructure and areas of overlap.
Areas of new collaborative research in a wide
range of disciplines will be proposed to fill these
gaps, and some of these will be carried out
in the remaining 42 months. Decisions will also
be made as to how best to make such research
most efficient. A programme of staff training
and deployment will be developed and
concerted efforts will be made to disseminate
information about CO2 sequestration both to
the general public and to decision- and policy-
makers.

Expected Impacts

Contribution to standards: the project will impact
upon the development and provision of ‘best
available technology’ through its R&D programme
in the Joint Programme of Activities and
the dissemination of the outputs to commerce,
policy-makers and society. These will cover CO2
storage site selection, injection operations,
monitoring, verification, safety and environ-
mental protection. The Network of Excellence
will also contribute to training standards. These
contributions will not only impact on standards
in Europe but on those internationally. If under-
ground storage becomes a recognised technol-
ogy for carbon storage in terms of carbon trad-
ing, then the input of the NoE into monitoring
and verification of storage will be vital.



Contribution to policy developments

Policy-makers and society need confidence
in the technology before they will accept CO2
capture and storage. Regulatory frameworks
will need to embrace the technology if it is to
succeed. CO2GeoNet will be actively involved
in the review of CO2 capture and storage com-
missioned by the Intergovernmental Panel on
Climate Change, and will engage with policy-
makers and regulators in national governments
and the EC. CO2 capture and storage could also
address policy concerns on security of supply
and diversity of fuel to meet Europe’s primary
energy demand. If COz injection is used in
enhancing hydrocarbon production, then

maximum recovery of Europe’s indigenous oil
and gas will be possible and hydrocarbon field
life will be extended.

i
na

Risk assessment and related
communication strategy

Even if policy-makers and regulators accept and
recognise CO2 capture and storage as a valid
CO2 mitigation technology, this does not
guarantee that society will accept it. CO2GeoNet
therefore needs to engage with society and raise
the profile of CO2 capture and storage technology,
and the issues that surround it. The network’s
R&D outputs will be communicated through
technical publications, contribution to policy
documents, broadcasting, popular science
publications, newspapers, websites, brochures
and stimulation of public debate through
participation in stakeholder meetings. Many
CO2GeoNet members have already begun this
process. CO2GeoNet will collaborate closely with
the FP5 Network ‘CO2vNet2’ to bring this about.
It will also engage with other bodies — for example,
the International Energy Agency, and the United
Nations Economic Commission for Europe-
UNECE which encourages annual stakeholder
debate on energy issues through its Sustainable
Energy Working Group — well attended by industry,
NGOs and candidate countries.
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MOVECBM

Objectives

The two principal objectives of this
project are:
¢ to address the remaining issues
concerning long-term storage
of CO: in coal not covered by
the EC RECOPOL project.
These remaining issues are:
the monitoring of the long-term
sorption behaviour and the
associated diffusion of COz,
well integrity and caprock integrity,
as well as the extended surface and
mine monitoring
and the related guidelines and
certification of CO2 storage
in coal;
the establishment and strengthening
of the cooperation in the area of
CO2-ECBM with third countries, such
as China, Australia and the USA.
It is paramount that the findings of
this MOVECBM research project are
to a broad extent applicable in these

countries with large coal reserves.

Monitoring and verification of CO2
storage and ECBM in Poland

Technical Approach

Within the EC RECOPOL project timeframe
it was not possible to establish conclusive
knowledge of the processes related to CO2
adsorption and CHa desorption in the field, and
whether they are operating under similar
conditions as can be assumed from laboratory
experiments and theory. This is of great impor-
tance with regard to specific long-term, reliable
and safe storage in coal. In the event that no
adsorption takes place, storage is similar to
the situation when COz2 is stored in a normal
reservoir. The previous EC RECOPOL project
focused on the feasibility of injection and
production. This MOVECBM project focuses on
the long-term aspects of CO2 storage in
coal and hence the consequences for site
certification and standards.

Additionally, the international cooperation has,
compared to the previous EC RECOPOL
project, broadened: this enables us to make the
results of the project applicable to a broader
situation, including outside the European Union.
Preferably, after the MOVECBM project, this will
result in an upscaled (regarding quantities
of injected CO2 and produced CBM) field test
in Europe or China.

Next to the scientific and technological
programme, this proposal will bring together
a worldwide consortium of state-of-the-art
universities and institutes in the area of coalbed-
related research. The following countries are
involved in the project: Germany, France,
Slovenia, The Netherlands, Belgium, Poland,
Italy, the UK, the USA, Australia and China.
Special attention is given to connection with
key institutions in the People’s Republic
of China: RIPED, CUCBM and SKLCC.

Expected Impact

The project has a clear focus on the management
and control of health, safety and environmental
(HSE) risks of CO2 storage in coal. For surface
facilities, HSE norms are already well devel-
oped, as COz is an industrial gas, produced,
transported, stored and used for several
purposes. For the subsurface, no HSE regulations
are available for the pre-operations site assess-
ment, for the construction of the injection plant,
or for the monitoring of the safe storage, includ-
ing the level of sensitivity of the methods to be
applied to measure possible well or surface
leakage.

This project will integrate technical data and
information from across Europe, leading on
to relevant legislation at both the European and
national level. Onshore, regulatory regimes
are less specific. The general principles are
outlined below:

e environmental legislation: strategic environ-
mental assessments, and water, habitat and
waste directives for storage, will require that
special emphasis is put on the difficult task
of defining geochemical tolerances for a
naturally occurring gas such as CO2. Methods
will be required to cope with a baseline,
taking into account heterogeneity in space and
time. Added complexity is the fact that the
baseline values may be susceptible to changes
on the short and long (10 000 years and more)
timescale;

e emission trading regulations (mainly European):
this refers to good monitoring and verification
practice, yet to be defined in detail;




emining and oil and gas regulation (mainly
national): especially the concession rules for
CO2 storage and potential interference with
other subsurface functions need to be clarified.

In short, the project is aiming at accelerating
the creation of uniform legislation regarding
standards for site certification and long-term
monitoring at national, European and interna-
tional level by joining forces and focusing on
a consensus on monitoring and verification
methods and tools.
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CO2REMOVE

Objectives

The objectives of the project are

to prove the long-term reliability

of geological storage of CO2, and

to undertake the research and
development necessary to establish
scientifically based standards for
monitoring future CCS operations.
This could in turn lead to guidelines
for the certification of sites suitable
for CCS on a wide scale.

The research proposed by CO2ReMoVe
partners aims to focus on monitoring
and verification technology for CO2
geological storage by building upon the
worldwide lead Europe already has in
CO: storage operations. The European
Network of Excellence (CO2GeoNet)
will progressively align its national
funded research activities to underpin
CO2ReMoVe. The network will also
facilitate collaboration with non-EU
R&D activities on storage in Australia,
Canada, Japan, the USA, Russia,
India, China and large international
industrial initiatives like the CO2
Capture Project-CCP. The CO2ReMoVe
consortium not only includes most of
the CO=GeoNet members, but also
other R&D institutes, oil and gas
operators, service suppliers, an SME, a
power company and an
intergovernmental organisation. It also
has strong links with the Carbon
Storage Leadership Forum-CSLF, third
country academia, and industry and
governments in North America through
the IEA Weyburn Monitoring Project.

CO:z Geological Storage:
Research into Monitoring
and Verification Technology

Technical Approach

Crucial to the project portfolio is the continuing
large-scale CO2 injection operation at Sleipner,
the newly started injection operation at In Salah
(Algeria) and the proposed injection projects of
Snohvit (Norway) and Ketzin (Germany). These
four sites, together with the Weyburn operation
in Canada, will be the largest demonstrations
of CO2 injection/storage in the world. A number
of other sites are also in the project portfolio
(e.g. K12b, Kaniov, Tarnow). They may provide
an adjunct to the large-scale industrial sites,
because they are ideal for monitoring CO2 behav-
iour in, and close to, the borehole environment
(considered to be the highest risk pathway for
leakage) and for testing downhole and surface
tools without interrupting industrial operations.
These sites, together with Weyburn, have been
placed on the project ‘reserve list’. After the
initial 18 months, should opportunities arise,
these sites will be considered for research fund-
ing from CO2ReMoVe.

The proposed scientific and technical RTD activ-
ities in CO2ReMoVe are summarised below:

e to develop, consolidate and disseminate all
site-specific CO2 storage experiences with
monitoring and verification technology;

e to develop a set of generic public domain and
validated performance assessment and
monitoring tools capable of predicting and
measuring the key operational and long-term

|

processes in CO2 geological storage sites, and
enabling the design of suitable remediation
strategies if required. Development will include
processes in each relevant compartment
of the geosphere, such as reservoir, seal,
aquifers and aquitards, as well as the soil,
hydrosphere and atmosphere. It will also
include innovations to assess impacts, in
particular with respect to the coupling of var-
ious processes, such as fluid flow, multi-phase
interaction, geochemical, mechanical, thermal,
chemical and also biological processes. The
result will be a (public domain) numerical
laboratory, which is based on the best (finite
element, finite difference, analytical)
simulation and prediction software and
stochastic uncertainty analysis software avail-
able from the European Network of Excellence
C0O2GeoNet. This library will be made
available to regulatory bodies, industry and
auditing services providers for the licensing
and certification of future COz storage sites;

to provide scientific and technological infor-
mation to develop recommendations which
can be used by regulators, legislators and
policy-makers to formulate a consistent and
internationally accepted standard for Health,
Safety and Environmental (HSE) risk man-
agement and certification under the Clean
Development Mechanism (CDM), Joint
Implementation (JI), Emissions Trading




Scheme (ETS) and future national and inter-
governmental mechanisms for greenhouse
gas mitigation. These recommendations
encompass procedures, requirements and
tools for the selection and characterisation
of the storage site, the assessment of the site,
the monitoring of the site, verification of the
site and remedial (preventive and corrective)
actions for the site.

Expected Impact

The project will provide assurance that geolog-
ically stored CO2 can be reliably monitored and
verified, so that the storage qualifies for
credits under emissions trading mechanisms.

The developed methods and technologies
for CO2 capture and storage give Europe a
competitive advantage in global markets and
influence the ability of emerging economies
(e.g. Russia, China and India) to reduce their
greenhouse gas emissions from burgeoning
fossil energy infrastructures.

At the present time, Europe has a leading posi-
tion in several aspects of CO2 capture and stor-
age: the Norwegian Sleipner project is a prime
example of large-scale geological storage

operations and monitoring. It is believed that a
continuing major multinational European effort
will maintain this leading edge and will result in
further development of this important technology.

Fossil fuels remain important for meeting
Europe’s energy needs for at least the next
several decades. CO2ReMoVe will have a major
impact on the achievement of the Kyoto targets
because it will enable the generation of CO2-
free energy to be generated from fossil fuels
in the medium term. The development of
performance assessment and monitoring
methodologies will contribute to the establish-
ment of safety and security guidelines in
support of underground CO2 storage.

The establishment of robust monitoring and
performance assessment methods will result in
the improved credibility and viability of long-
term, large-scale geological storage. It may be
predicted that the number of operations in
Europe will increase from a single site in 2000,
through three in 2004, to around ten in 2010.
This is a self-propagating development in the
sense that, as more storage sites become
operational, more data and expertise will become
available. With time, methods will become
common practice, cheaper and more robust and
reliable.
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EU GEOCAPACITY

Objectives

The main objective of the project

is to assess the European capacity
for geological storage of carbon dioxide
(EU GeoCapacity).

The project will include full
assessments of a number of hitherto
not surveyed countries and updates
of previously covered territory. Also

a priority is the further development
of innovative methods for capacity
assessment, economic modelling and
site selection criteria. Finally, an
important mission is to initiate
scientific collaboration with China,

a member of the CSLF.

The GeoCapacity project will comprise
all or parts of the sedimentary basins
suitable for geological storage of CO2
and located within the EU and

the Central and Eastern European new

Member States and Candidate
Countries. In areas that were part
of the GESTCO project completed
in 2003, the work will include only
supplementary updates.

Assessing European Capacity
for Geological Storage of Carbon

Dioxide

Key Issues

e |nventory and mapping of major CO2 emission
point sources in 13 European countries
(Bulgaria, Croatia, Czech Republic, Estonia,
Hungary, Italy, Latvia, Lithuania, Poland,
Romania, Slovakia, Slovenia, Spain), and
review of four neighbouring states: Albania,
Macedonia (FYROM), Bosnia-Herzegovina,
Luxembourg) as well as updates for five other
countries (Germany, Denmark, the UK, France,
Greece);

e conduct assessment of regional and local
potential for geological storage of CO2 for each
of the countries involved;

e carry out analyses of source-transport-
sink scenarios and conduct economical
evaluations of these scenarios;

e provide consistent and clear guidelines for
assessment of geological capacity in Europe
and elsewhere;

o further develop mapping and analysis method-
ologies (i.e. GIS and DSS);

e develop technical site selection criteria;

e initiate international collaborative activities
with the P.R.China, a CSLF member, with
a view to further and closer joint activities.

The project will build upon the basic work and
results generated by the GESTCO project which
pioneered the development of carbon dioxide
emissions and geological storage mapping
in Europe, and which has served as an inter-
national example.

Technical Approach

The geological surveys and the range of other
research partners throughout Europe are in
a unique position to carry out this R&D study.
The surveys and other state institutes have over
decades, and in some instances for more than
a century, studied and mapped the distribution
and composition of hard rocks and sediments
in the subsurface. The project partners thus
have access to large amounts of accumulated
knowledge of the subsurface geology of Europe
obtained from work on mineral exploitation,
geothermal studies, and hydrocarbon activities
such as seismic mapping and drilling for oil.

These various vintages of maps, other data
and previous work will make it possible for
the project partners to produce reasonable
evaluations of the CO2 storage capacity of the
selected representative study areas.

The GeoCapacity project will focus on countries
in eastern, central and southern Europe not
previously covered in detail.

This project will provide the data required for
the Europe-wide adoption of CCS. The project
will focus on applying advanced evaluation
techniques (DSS & GIS) and complementing
the datasets by emission, infrastructure and
storage site mapping as well as undertaking
economic evaluations. This will enable source-
to-sink matching across Europe. Site selection
criteria, standards and methodologies will be
created and applied to the project. Locating
potential CO2 storage sites may be essential
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CO2NET-EAST

Objectives

CO2NET EAST is a coordination action
proposed as a mechanism to involve
the new EU Member States and
Associated Candidate Countries in
the current European CCS networking
activities, especially in the existing
Carbon Dioxide Knowledge Transfer
Network (CO2NET). This network was
initially set up under the EC FP5
Programme, as the leading European
CCS networking forum.

COzNET EAST will contribute to
the European CCS networking by:

e providing membership support to new
COzNET member organisations from
new EU Member States and
Associated Candidate Countries in
order to help them participate
actively in Annual Seminars and other
networking activities;

(co-)organising several CO2NET
events (seminar, workshops) in new
Member States and Candidate
Countries;

disseminating knowledge and raising
awareness of COz capture and storage
technologies in new Member States
and Candidate Countries;

establishing links among CCS
stakeholders in new Member States
and Candidate Countries, and
between them and their partners in
other EU countries, using existing
networks like CO2NET or ENeRG as
well as links with the Technology
Platform for Zero Emission Fossil
Fuel Power Plants.

The project is built on East-West
cooperation, helping the new Member
States to add to the coordination effort
to fast-track the development and
commercialisation of CCS technology
for Europe.

CO:z capture and storage networking
extension to new member states

Key Issues

The Central and Eastern European new Member
States and Candidate Countries have reduced
emissions of CO2 dramatically since 1990. This
has mainly been the inadvertent result of lower
industrial and economic activity following the
dissolution of the former Council for Mutual
Economic Aid (COMECON, popularly known as
the ‘East Block’) and the subsequent economic
changes. This situation might, at least for a few
years to come, provide the opportunity for the
EU to acquire emission credits through the use
of the Kyoto Protocol flexible mechanisms.

In the longer term, however, these new Member
States and Candidate Countries will be looking
towards rapid development of their economies,
modernisation of their industrial sectors, and
in a general way striving towards achieving the
same standard of living as their neighbours to
the west. This cannot be done without an
increase in their CO2 production, creating a need
for CO2 emissions reduction at the same time.

A good example of this situation is Poland, which
belongs to the European countries emitting large
quantities of CO2. Today’s total emissions are
estimated at about 330 Mt/yr, which ranks the
country as 6th in the EU25. There has been a
steady increase of emissions since 2000, with
an exception in 2002. Assuming the present
rate of increase, 92% of the 1990 level (EU
threshold of the Kyoto Protocol) will have been
reached by end-2007. Polish industry will soon
be forced to either buy allowances using the
emission trading system, or seek other measures
to reduce its CO2 emissions, including CCS.

Moreover, when considering other criteria than
the simple volume of CO2 emissions, the posi-
tion of some of the new Member States and
Candidate Countries is much worse. According
to the EEA 8/2005 report ‘Greenhouse gas
emission trends and projections in Europe

2005’, per capita emissions in, for example, the
Czech Republic (14t) and Estonia (14t) exceed
the EU average (11t in 2003) significantly. CO2
emissions per kWh of heat and power produced
in Poland and the Czech Republic rank among
the highest in the world. Slovenia and Croatia
are already, or will shortly be, experiencing
difficulties in meeting the Kyoto target. The
relatively high greenhouse gas emissions per
GDP unit indicate that the new EU Member
States still have potential to improve in this area
and further decrease greenhouse gas emissions.
In Candidate Countries the situation is similar.

Technical Approach

CO2NET EAST will use various means of know-
ledge transfer, dissemination and public aware-
ness creation, embracing both joint activities
with CO2NET and independent local actions.
The most important of them will be:

e co-organisation of a CO2NET annual seminar
in one of the new Member States (Warsaw,
Poland, 2008);

e organisation of two regional workshops focused
on CO2 capture and storage (CCS) with the
main aim to attract local stakeholders; CO2
producers, ministries as well as researchers;
invitation of CO2 capture experts from
leading European R&D institutions is fore-
seen, with the help of other CO2NET members
(workshops in Zagreb, Croatia, in 2007 and
Bratislava, Slovakia, in 2009 are planned);

e presentations of latest CCS R&D achieve-
ments at suitable local events (professional
meetings and workshops with focus on CO2
emissions, climate change, environmental
geology, etc.);

e publications in national technical magazines
and media;



e translation into national languages and
publication of the CO2NET and possibly the
ZEP public brochures (both already available
in English);

e creation of national websites on CCS (in
national languages);

e creation of project website in English (a com-
mon website with the EneRG network at );

e establishing links with the ZEP technology
platform;

e establishing links with the ENeRG research
network as well as contributing to the work
on creating a CCS research strategy within
the upcoming EU FP7 Research Programme;

e carrying out liaison with global cooperation
activities within the Carbon Sequestration
Leadership Forum.

Expected Impact
The CO2NET EAST project aims at reducing the

existing gap between EU-15 and the new EU
Member States and Associate Candidate
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Countries. If Europe is to fulfil the Kyoto
obligations and subsequently be able to carry
out the much deeper emission reductions
needed, the involvement of all 25 members is
necessary. To achieve this goal, targeted effort
is required to increase public awareness and
disseminate knowledge on CCS in new Member
and Candidate Countries.

Presentation of the CO2 capture and storage
technology to all important regional, national
and local stakeholders (incl. policy makers), as
well as to a broader public as a viable option of
climate change mitigation should influence deci-
sion-making at national and company level in the
sense of:

o further support for R&D activities in the field
of CCS;

e integration of the ‘zero-emission concept’ with
the energy policy of governments, regions and
big COz2 emitters;

e preparing the ground for pioneer demonstra-
tions and/or pilot technical installations in
new Member States and Associated Candidate
Countries in future.
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Objectives

The overall objective of CAPRICE is
international cooperation and exchange
in the area of COz capture, using
amine processes, with the long-term
aim of contributing to the
implementation of these technologies
on a large scale. Post-combustion
capture using amine processes is
generally considered to be the leading
capture technology and will be
implemented first.

The overall objective is to be achieved
through a cooperation between a core
team from the ongoing CASTOR
Integrated Project and a Canadian
consortium linked to the International
Test Centre on COz Capture at the
University of Regina in Canada. Both
projects are recognised by the Carbon
Sequestration Leadership Forum
(CSLF).

In addition to this leading academic
institutions from Russia, China and
Brazil will join this research
cooperation. The detailed technical
project objectives are:

e benchmarking and validation of
amine process performance;

e membrane contactor performance
validation;

e development of tools for integration
into power plants.

CO2 Capture Using Amine
Processes: International Cooperation

and Exchange

Key Issues

e standardisation of descriptive models for
amine processes, components and testing
procedures;

e performance of different membrane contactors
evaluated under realistic conditions;

e ready-to-use tools for integration of amine
capture technology with power plants;

e definition of joint CO2 capture experiments;

e preparation of the ground for a large scale
post-combustion CO2 capture demonstration
plant;

e sharing of global resources to develop
post-combustion CO2z capture;

e greatly improved understanding of amine
processes for post-combustion CO2 capture
in different environments around the globe,
thus facilitating the technology implementa-
tion and scale-up;

e contributing to the CSLF objectives from the
EU and Canada through concrete cooperation;

e extension of the stakeholder involvement in
COz2 capture technologies to CSLF members
Russia, China and Brazil.

Technical Approach

The overall primary objective of CAPRICE is to set
up a research cooperation and an exchange of
research results in the area of amine processes
between the Europe-based CASTOR consortium
and the Canada-based International Test Centre
consortium. While this brings together the
globally leading researchers, a second
objective is to extend the cooperation and
exchange to thirdcountries with a large
application potential for CCS technologies, i.e.
Russia, China and Brazil.

The scientific and technological objectives of
CAPRICE are:

Benchmarking and validation of amine
process performance

Many process and mass transfer models describ-
ing solvent processes are currently used. To
permit process design and data interpretation,
it is essential that these models are properly
validated and benchmarked with pilot plant
data. The project partners will make available
data from their pilot plants to facilitate this.
The data will be collected from standard
experiments with aqueous MEA-solutions in a
uniform format. The benchmarking of
modelling tools will result in guidelines for the
best approach to process and mass transfer
models for CO2 capture. Corrosion aspects will
also be considered through guidelines for
corrosion monitoring and materials selection.




Validation of membrane contactor
performances

Membrane contactors are expected to contribute
towards the reduction of the investment
and operational costs of solvent processes. It
is however essential to have realistic estimates
for their mass transfer performances in order
to assess their potential for both absorption and
desorption. These performances need to be
known for a variety of commercially available
porous membranes such as polypropylene
and polytetrafluorethylene and developmental
membranes for high-temperature applications.

Development of tools for capture plant
integration into power plants

Post-combustion CO2 capture is an add-on
technology for conventional power plant and
power plant designs. The optimal integration
of the capture process with the power plant is
necessary to ensure a low energy requirement for
CO2 capture, but it is also needed in order to
reduce the investment costs of the interfacing.
Engineering tools are required to optimise heat
integration. In addition to this, the gas path
integration — including the interfacing with
the flue gas desulphurisation — is needed,
particularly for coal fired power stations.
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Objectives

The objective of COACH is to start

a strong and durable cooperation
between Europe and China to respond
to the fast-growing energy demands

of the P.R.China. Based on European
technologies, it will prepare the ground
for implementation of large-scale
polygeneration energy facilities and
including options for coal-based
electric power generation, as well

as production of hydrogen and possibly
synthetic fuels and provisions for heat
integration with surrounding industries.
In this endeavour COz capture and
permanent geological storage —
including use for enhanced oil or gas
recovery — constitute an inherent and
decisive prerequisite. As such, COACH
addresses topics of particular interest
to developing countries and refers to
the call identifier FP6-2005-Energy-4,
Priority 6.1.3.2.6. Addressing
polygeneration schemes, COACH will
thus refer to the FP6/IP DYNAMIS
project. COACH will also draw upon
other ongoing projects,

in particular GeoCapacity.

Cooperation Action

with CCS - China-EU

Key Issues

COACH will address three issues: coal gasifi-
cation for appropriate coal-based polygeneration
schemes combined with carbon capture and
storage; identification of reliable geological CO2
storage capabilities in China; societal anchorage,
including legal, regulatory, funding and
economic aspects, and public issues.

To reach these objectives, COACH comprises
four work packages, co-led by European and
Chinese partners, addressing respectively know-
ledge-sharing and capacity-building issues, the
identification of appropriate CO2 capture and
storage technologies, and providing recom-
mendations and guidelines for implementation.
A fifth work package is dedicated to the over-
all management of the project, and a final work
package implements the supervision, monitor-
ing and reporting of EU-China MoU activities.

To operate those work packages and achieve the
above-stated objectives, COACH involves 20
participants, among whom 12 European partners
from the public and private sectors (research,
academia, industry, including one SME) from
five different Member States/Associated States,
as well as eight Chinese partners, among whom
two companies and five RTD providers.

Technical Approach

Assessment and ranking of candidate options
(technologies, policy, societal) that are or may
become viable within a coal-based scenario for

China on polygeneration and carbon capture

and storage. This includes:

e viability assessment (studies) subjected to
the vision of a realistic and economically
sound route for polygeneration linked with
carbon capture and storage schemes in China;

transformation of the main results into
techno-economic criteria pertaining to
technology, site locations (plant and CO:2
storage sites), size and stakeholders;

conceptual studies and planning of a large-
scale facility, subject to the scenario;

validation of the handling and storage options
for the CO2z — including alternative use of the
COz (e.g. for EOR/EGR);

identification of financing mechanisms, legal
and regulatory frameworks as well as the envi-
ronmental and public acceptance issues;

translation of main results into topical policy
documents;
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e provision of a roadmap for large-scale coal-
based polygeneration with carbon capture and
storage in China on technical, economic and
societal terms — including permits and how
funding can be syndicated in China, and how
a subsequent large-scale demonstrator could
be generally anchored in society in the
context of public acceptance.

COACH includes investigation and optimisation
of applicability of large-scale polygeneration
schemes in a Chinese context with integrated
CO2 management techniques. The project will
build on the efforts obtainable from prior FP6
projects for achieving the technological and eco-
nomic targets of CO2 capture and storage.
However as underground storage, including the
management system for COz, is assumed to
entail high capital investment, large quantities
of CO2 would be required to justify the capital
expense (CAPEX). Therefore a demonstration

plant must be sized and sited accordingly and
this, in turn, is prone to apply to hydrogen-
fuelled gas turbines that have to be developed
or adapted for such duty. Most likely these
turbines will be in the range of the present
state-of-the-art industrial gas turbines.

It is not clear at this stage whether, in the
Chinese context, the optimum route to carbon
capture and storage together with production
of hydrogen or liquid fuels is IGCC-based.
Because of the large (and rapidly growing) base
of modern coal-based power generation plants,
especially supercritical generating, there will
be a long future for these plants and for con-
sideration of retrofit capture. Technologies such
as oxyfuel combustion and chemical looping in
combustio