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ABSTRACT

The European Union has recently adopted a common approach to energy policy. One of the key drivers of this
policy — many believe the key driver — is tackling climate change. EU Member States have decided that they will
reduce their greenhouse gas emissions by 20% relative to 1990 levels — and by 30% if other large States would do
the same. This presents a major challenge — especially for the electricity generating sector, in particular for coal-
fired generation. To meet this challenge efforts are being made to demonstrate that higher efficiencies can be
reached in coal-fired plants and that the CO, these plant produce can be captured and stored in geological
formation. These efforts are being driven by policy changes, putting a price on CO, emissions, supporting a wide
range of research on different technologies and by encouraging and facilitating greater co-operation, especially
between major companies. One key technology development could be advanced ultra-super critical coal-fired
plants and the most recent European efforts in this area are described.

INTRODUCTION — INTEGRATION OF ENERGY AND CLIMATE CHANGE

In January 2007, The European Commission adopted an "Energy and Climate Change" package. The Package was
centred around a Communication — a policy document — from the Commission to the Member States of the
European Union (EU) setting out a European approach to energy policy for the future. A key element of this
Strategy — and many believe the key element — was reducing the emissions of Green House Gases.

In the EU, energy production and use accounts for fifty-nine percent of all green house gas emissions. This rises
to 80 percent if transport — mainly road transport - is taken into account. In the energy sector, coal burning is by
far the largest contributor to emissions from energy. In 2005, coal-based power generation was responsible for
around 950 million tonnes of CO, emissions in EU-27. This represented 24% of all EU emissions of CO2

Across the EU, coal burning accounts for close to one-third of electricity production. In some countries the share
of coal in the mix is low, such as in France where the bulk of electricity is produced from nuclear, but in others is
very high. In some of the larger Member States, such as Germany and the UK, it comes close to or exceeds 50%
while in Poland the share of coal in electricity generation can exceed 90%. Given the high prices of natural gas in
the last two years — and some States' decisions to phase out their nuclear generation — the role of coal could
become increasingly important.

It is also worth noting that the use of coal adds to the security of European energy supply. The following table
gives summary data for the resources, reserves and production of coal in the different EU Member States (in
million of tonnes, Mt). Production in 2005 was just over 170 Mt for hard coal and 450Mt for lignite. In all States,
present levels of reserves are sufficient to cover production for many decades — and, in several States, even for
centuries.

! The views expressed in this paper are those of the author and may not necessarily reflect those of the European Commission.
2 Worldwide, emissions from coal-fired power generation amounts to approximately 8 billion tonnes of CO2 every year.
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Hard Coal Lignite

Resources Reserves Production Resources Reserves Production
Germany 186000 23000 29,2 77600 41300 181,9
UK 5000 220 25,1
Spain 4200 600 12,3 80 50 8,2
Greece 6700 3200 71,9
Poland 113000 12113 99,2 31000 2423 61,1
Czech 4123 295 13,3 3873 812 48,8
Republic
Hungary 450 198 0,3 9000 3400 11,8
Bulgaria 440 270 3,2 4031 2045 23,7
Romania 8307 810 3,7 2500 1456 31,6

Source: Euracoal

On the other hand, the Member States have committed to a reduction in CO, emissions of at least 20% below
1990 levels by 2020. Moreover, they have agreed to reduce emissions by 30% by the same date if other major
emitters are willing to make similar reductions.

Given the fact that we are very unlikely to reduce — or even restrain — GHG emissions from motor vehicles by
2020, it is vital that we start making inroads into reducing those from burning fossil fuels in heat and energy
production. This was the driver behind another policy statement from the Commission as part of its Energy
Package — the Communication on Sustainable Fossil Fuels.

In brief, this proposed that we need to aim for all new fossil fuel plants built after 2020 to be equipped with
carbon capture and storage (CCS) technology and for plants built before that date to be retrofit with the
technology as quickly as possible — probably by 2030.

To be able to do this, we would need to fully develop and demonstrate the technology of CCS by 2015. Given the
range of technical, legislative and economic barriers that still needed to be overcome, it was necessary that
industry and other stakeholders work together closely with governments throughout the EU on this major
challenge.

Fortunately, this close co-operation had already been set up with the establishment, already in 2005, of the “Zero-
emission fossil-fuel power plant Technology Platform". This is widely known as the "ZEP".

"ZEP" — THE CO-ORDINATOR

The Zero-emission fossil-fuel plant Technology Platform was set up in 2005 under the European Commission's
6th Framework Research and Demonstration Programme (FP6).

It brought together, to form an Advisory Council, a wide variety of stakeholders including major generators
(E.ON, Endesa, Enel, Vattenfall, Energi E2, RWE), equipment suppliers (Ansaldo, ALSTOM, Air Liquide, Foster
Wheeler, Doosan Babcock, Siemens), oil and gas companies (BP, Shell, Statoil, Total, Schlumberger), research
organisations (BGS, CIRCE, IFP, Polish CMI, GEUS, TU-Hamburg), NGOs (Bellona, E3G, WWF) and, most
recently a financier (Morgan Stanley).

The Technology Platform was formally launched on 1 December 2005 and in May 2006 presented its "Vision" of
enabling European fossil fuel power plants to have zero emission of CO, by 2020.

After launching its vision, the Technology Platform members continued working on finalising two important
documents - the Strategic Research Agenda (SRA) and the Strategic Deployment Document (SDD). Both these
documents give guidance to the R&D needed to make zero emission fossil fuel power plants an economically
viable option. Near final versions of the two documents were presented to, and discussed with all stakeholders at
the first General Assembly of the ZEP, which was held on the 12 and 13 September 2006 in Brussels.
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Representatives from all stakeholders in the technology area were invited to be present at the General Assembly.
The objectives of the assembly were to:
e Review and validate the SRA and the SDD for Zero Emission Fossil Fuel Power Plants
e Demonstrate motivation and commitment of public and private partners to engage in a strategic
partnership to accelerate development and deployment of ZEP-technology
e Help the Technology Platform to monitor its own progress and define the work plan for the next period.

The meeting was a tremendous success with high-level participants from the spheres of research, science and
technology, industry and policy-making from all over Europe. It clearly indicated that there was a very broad
interest and desire within Europe to drive towards zero-emission technology.

The experts agreed "that CO, capture and storage technology (CCS), together with improved energy
conversion efficiency, is a near-term solution to reduce CO;emissions from fossil fuel power generation on
a massive scale. Its immediate deployment is therefore vital if we are to avoid the catastrophic consequences
of climate change we are facing today."

The experts also noted that "despite most of the technology elements being available, CCS is still not deployed for
two key reasons:

1. The cost and risks still outweigh the commercial benefits
2. The regulatory framework for CO, storage is not sufficiently defined.

Both documents made a series of key recommendations. The key recommendations in the Strategic Research
Agenda are the most relevant here. They were:

1. Urgently implement 10-12 integrated, large-scale CCS demonstration projects Europe-wide

2. Develop new concepts already identified, but not validated, for demonstration by 2010-2015 and
implementation beyond 2020 (including "advanced new materials and combustion systems")

3. Supporting long-term exploratory R&D into advanced, innovative concepts for implementation of next
generation technology

4. Maximising cooperation at national, European and international level

5. Strengthening and accelerating R&D priorities to support the Strategic Deployment Document, informed
by experience from demonstrating projects and parallel R&D projects on advanced, innovative concepts.

The SDD and SRA can be downloaded, together with a wide range of other documentation, from the ZEP
website: http://www.zero-emissionplatform.eu/website/index.html

Based to a certain extent on the work and vision of the ZEP, and on the clear need and support for progress in the
technology, The Commission developed and adopted a Communication with the title "Sustainable power
generation from fossil fuels: aiming for near-zero emissions from coal after 2020 (COM(2006) 843 final) as part
of the Energy Package in January 2007.

THE COMMUNICATION ON SUSTAINABLE FOSSIL FUELS — THE POLICY

Possibly the key statement in the whole of the Commission's Communication on Sustainable Fossil Fuels is: "If
fossil fuels are to continue playing their valuable role in the energy mix, solutions must be found to limit the
impact of their use to levels compatible with sustainable climate objectives”. Specifically for coal, the
Communication stated: "coal can continue to make its valuable contribution to the security of energy supply and
the economy of both the EU and the world as a whole only with technologies allowing for drastic reduction of the
carbon footprint of its combustion™.

The Communication concluded that "The EU therefore needs to develop technological solutions for sustainable
use of coal not only to retain coal in the European energy mix but also to ensure that global growth in coal use
will be possible without irrevocable damage to the global climate. The urgency of this task stems from the fact
that even with sincere and concentrated efforts, the necessary novel technologies may not be ready for commercial
deployment on a global scale before 2020. It is therefore vital that the EU starts today to implement policies that
will underpin and sustain its global leadership in fighting climate change in the decades to come".
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The Communication on sustainable fossil fuels and other elements of the energy and climate change package can
be downloaded from the Commission's website: http://ec.europa.eu/energy/energy_policy/index_en.htm

A first important — indeed vital — step in reducing the CO, emission from fossil fuel, in particular coal-fired,
power plants is the improvement of the efficiency of these plants. In the EU, the older units have operating
efficiencies of around 30% while the more recent ones reach efficiencies of 43% for lignite and 46% for hard coal.
"Clean Coal Technologies" have already brought about these increased efficiencies (while substantially mitigating
the problems of pollution — acid rain, particulates and dust). However there is still substantial scope for
improvements in the energy efficiency of large-sized coal-fired power plants through the continued development
of these technologies. The technical limit for efficiency is thought to be above 60% which, if achieved, would
bring with it dramatic savings in resource use and very important reductions in the emissions - especially of CO,.
It has been estimated that using best available technology (BAT) and the most energy-efficient conversion
technologies in both replacement and new build investment could bring about an initial reduction of 20% in CO,
emissions from coal-based generation by 2020.

However, efficiency improvements cannot alone result in the reductions of CO, in emissions from coal-fired
power plants that are necessary to slow down climate change. To achieve this carbon capture and storage (CCS)
will be necessary. Near-zero emission power generation from coal needs to become a reality.

For this reason the Commission very strongly supports the "Vision" of the ZEP of enabling European fossil fuel
power plants to have zero emissions of CO, by 2020. It further strongly endorses the proposal of the major energy
companies to build up to 12 large-scale demonstration plants by 2015 that would test the various ways of
integrating CCS in coal- and gas-fired power generation. Once commissioned it was expected that these plants
would need to be operated for at least five years for the solutions to be thoroughly tested and considered fully
demonstrated. Then the solutions could be considered ready for inclusion in zero-emission power plants to meet
the target date of 2020.

It is clear that what we would like to see is all fossil-fuel plants that are built after 2020 to be fitted with — and
operate — CCS technology. But this will still leave us with the other plants that have not already been fitted with
CCS. Presently our total capacity of coal-fired generation is around 190 GWe. Around 70 GWe of this capacity
will be retired — and replaced — by 2020. It is imperative to avoid a situation where the new build before 2020 is
undertaken in such a way that would preclude or insufficiently guarantee the addition of CCS components after
2020. It would clearly be best if new plant were to be already prepared for later addition of CCS technologies (i.e.
"capture ready"). Eventually, all existing plants would either have to be retrofit or closed and replaced by near-
zero technology plants. Legislation might be necessary to drive this and the Commission is studying the possible
options.

While the main focus of the paper is on the need for and development of technologies for coal-based electricity
generation, it will clearly be necessary for governments to produce the right legal and regulatory framework for
the technology to be both developed and deployed.

In particular, a regulatory and policy framework is necessary within the EU for CCS that would:
e ensure the environmentally sound, safe and reliable operation of CCS activities;
e remove unwarranted barriers to CCS activities in current legislation;
e provide appropriate incentives proportionate to the CO, reduction benefits.

To respond to this need, the Commission is expected to adopt before the end of this year a proposal for amending
Directive 2003/87/EC of the European Parliament and of the Council of 13 October 2003 that established the
scheme for greenhouse gas emission allowance trading within the Community. It is expected that this revision
should also remove unnecessary legal barriers to the deployment of CCS.

THE EMISSION TRADING SCHEME (ETS) — A MAJOR DRIVER

It is also worth mentioning here the European Emissions Trading Scheme (ETS) as it is expected to be a very
important driver for technological innovation in the power and heat sector.

The ETS is a "cap and trade" scheme that targets, initially, CO, emissions from large industrial emitters (power
plants and energy-intensive industrial sectors such as oil refineries, coke ovens, iron and steel plants and factories
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making cement, glass, lime, bricks, ceramics, pulp and paper). National allocation plans are reviewed periodically
by the Commission and there is a strong compliance framework. Already around 11 500 installations are covered
accounting for around 45% of the EU's total CO, emissions.

The first phase of the Scheme will end this year. It has not been without its problems, mainly as a result of over
allocations of emissions by a number of Member States which brought about a rather spectacular collapse in the
carbon price. The second phase — for which the Commission is in the process of completing the review of, and
taken decisions on Member States proposed allocations — will run from 2008-2012. The Commission is planning
to adopt a proposal concerning the post-2012 period already before the end of this year. This will take into
account the EU targets concerning reducing emissions.

It should be noted here that, while it is a Europe wide market, the ETS allows Member States to obtain a certain
number of credits by taking advantage of the Clean Development Mechanism (CDM) and Joint Implementation
(J1) projects. In addition the ETS provides possibility of links to similar schemes in other countries.

It is unlikely that the ETS alone will drive the necessary technological development and the introduction of CCS.
The significant increases of investment cost for the new technologies together with the significantly higher
operating costs, including the possible 10 percentage point loss of efficiency brought about by the carbon capture,
and the cost of an infrastructure for transporting the CO, will require additional economic incentives. In March
2007 the European Council recommended the setting up of a mechanism to stimulate the construction and
operation of the CCS demonstration plants by 2015. The Commission is studying this issue very intensively and
hopes to adopt a Communication on the subject later this year.

Taken together with the expected proposals for legislation covering CCS and the revision of the ETS, this should
give changes a clear message to industry concerning the longer term framework in which they can operate, take
investment decisions and facilitate these decisions being put into effect.

RESEARCH AND DEVELOPMENT 1 - THE "SET" PLAN AND THE FLAGSHIP PROGRAMME

Not only has much of the technology not yet been demonstrated on a large-scale, but quite a lot still needs to be
developed. The Commission through a number of different budget lines has supported the development of clean
coal technologies for many years and, more recently, CCS — including the funding of the ZEP. Much of this
research will continue and, in fact, the support given by the Commission through the 7th Framework Research
Programme (covering the period 2007 to 2013) will increase.

The Member States of the EU will also need to show a strong commitment — both political will and funds - to the
development and demonstrations of the necessary new technologies in support of industry. Later this year the
Commission should adopt a Strategic Energy Technology ("SET") Plan that will provide an instrument for the
overall co-ordination of necessary R&D and demonstration efforts.

The main thrust of the SET-Plan will be focus energy research in the EU to address three key policy areas —
combating climate change, limiting the EU's vulnerability to imported hydrocarbons and promoting growth and
jobs. It strategic objective will be to reduce greenhouse gas emissions but, because low carbon energy
technologies are expensive, we really need to bring down their costs if we are to deploy them to meet our 2020
and 2050 reduction targets. This could lead to an EU with a thriving and sustainable economy, with world
leadership in a diverse portfolio of low-carbon energy technologies as a motor for prosperity, growth and jobs.

One important new development is the proposal by the ZEP for a "Flagship Programme”. This would bring
together all the different demonstration project throughout the EU (and Norway) into a very visible coherent set of
projects. It would facilitate the transfer of knowledge between participants and accelerate its take-up. Through the
greater visibility that such a programme would have over individual projects, it would improve the ability to
communicate widely with the Public all across Europe. By working much closer together it should ensure the
more effective use of public funds.

The Flagship approach should help us to validate many different technologies in one programme and that from the
different validated technologies companies can chose which they wish to use to best suit their own situation and
location. Figure 1 illustrates the different "technology blocks" in the CCS value chain that would be validated
through demonstration. Clearly no single demonstration plant could validate all these different varieties of
systems and technologies and types of fuels. It should also be realised that companies in different countries work
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under different legislative and regulatory regimes. We feel that the European approach is the best way to proceed
rather than "putting all our eggs in one basket" and opting already to demonstrate a single generating and capture
technology at a single site. Also it is clear that no one company — or even Member States — could carry out or
support a demonstration of all the different technologies in the different environments.

RESEARCH AND DEVELOPMENT - 2 ADVANCED ULTRA SUPER CRITICAL (A-USC)
TECHNOLOGY

In 1997 the European Commission, as part of its THERMIE programme, awarded a contract (SF/1001/97/DK) to
a large group, made up of European utilities and suppliers for the power industry together with some research
institutes, in support of a the first phase of a project to demonstrate the potential of improvements of pulverised
coal-fired (PF) power plant technology. The UK and Swiss governments also sponsored the activity. The ultimate
objective of the project was the construction and operation on an advanced PF demonstration plant operating at
super critical steam temperatures in the range of 700-720°C. For this reason the project became known as AD700.

The success of such a project would both improve the competitiveness of coal-fired power generation and reduce
CO, emissions by around 15% from the best PF power plants (and by 40% for most older plants — particular in
parts of Asia).

Two targets were set for the project:

e To boost net efficiency of the demonstration plant from the present peak performance of 47% into the
range of 50% - 55% (depending on their source of cooling water)

e To reduce investment costs of PF power plants by revising the overall architecture of the plant.
The project itself was divided into a number of phases.

The first phase (Phase 1) was subdivided into two parts. Part 1A had dual objective. The first was to perform
conceptual design studies for the power plant components — especially the turbine, boiler and piping - to
demonstrate that design concepts, materials and manufacturing routes necessary for construction of the plant were
available. The second was to demonstrate the commercial competitiveness of the plant. Phase 1A was completed
successfully by the end of 2000.

Phase 1B of the project was mainly a material development programme, in particular the development of new
"super alloys™ for the hot areas of the water/steam cycle. These would be necessary to allow operation with steam
temperatures in the 700-720°C range (compared with the then 600-620°C range of existing plants). Such super
alloys were well-known from their use in the gas turbine and nuclear industries, but their use in PF plants was new.
For such use super alloys with a high creep strength, but with relatively low production costs, would need to be
developed. Therefore one of the main tasks of this phase was the identification and selection of these special
materials and their testing. The work of Phase 1 finished at end of 2004. A great deal of the technical detail are
contained in the presentations made at a conference in Milan, Italy in 2005 can be accessed through the project
website:

- https://projectweb.elsam-eng.com/AD700/Milan%20Conference/Forms/Allltems.aspx.

The second phase of the project (Phase 2) started already in 2002 and was carried out with the support of funding
under the European Commission's 5th Framework Programme (under contract ENK5-CT2001-0051). There were
35 partners, many of whom had been involved in Phase 1, and some support was received from the Swiss
Government.

One of the main tasks in this phase has been to design, manufacture and test various components. For the boiler an
evaporator panel, a super-heater panel and welded thick-walled pipes were examined. Also a very thorough study
was made of a horizontal boiler, which had been proposed in Phase 1, as allowing for a very compact design, an
advantage given the high cost of the nickel-based alloys pipework. For the turbine, inlet valves, forged rotor,
welded rotor, moving blades, stationary blades, bolting and welding of pressure containment parts were all
examined.
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Also during this phase, efforts were made to establish business plans for a full-scale demonstration plant. While
this will only be constructed during Phase 4 of the project, it was important to do a detailed risk assessment and a
new check on the feasibility in the light of the most recent material strength values and prices. This showed that
the technology was still feasible even at a "moderate™ price for COs.

Phase 2 of the project was completed at the end of 2006.

It had been planned to establish a large component test facility that could, for example, have included the testing
of the high-pressure part of a full-scale 400MW turbine. Unfortunately, it was decided that the Commission's 6th
Framework Programme would not support research on clean coal technologies. As a result a more modest test
facility, for testing mainly boiler components, was planned for Phase 3.

Phase 3 of the project - the Component Test Facility for AD700 — COMTES700 started in July 2004 and was
financed by the EU's Research Fund for Coal and Steel (RFCS) under contract RFC-CP-04003 and the E.x Group
established by VGB®. The component suppliers Alstom, Hitachi Power Europe, Burmeister and Wain Energy and
Siemens also contribute to the financing and VGB is the co-ordinator of the project. The total budget amounts to
15.2 M€, 57% being funded by power producers, 3% by equipment suppliers and 40% by the RFCS programme

The objective of COMTES700 is the detail design, manufacture, erection and operation of a Component Test
Facility (CTF) in order to test high temperature resistant materials needed to realise, in the near future, a European
700°C coal based demonstration power plant..

The project, which began on 1 July 2004 and will run until 31 December 2009, is being carried out by a
consortium of six major European partners from industry. It is steered by the COMTES700-Partners Consortium
which includes ten further European companies.

The testing takes place at E.ON's Scholven F plant in Gelsenkirchen, Germany. The equipment and parts to be
tested are mounted into the boiler of the plant. They include an evaporator and a super-heater panel together with
the necessary steam lines and valves.

The results of the operation of the CTF will be evaluated by a special working group and used for the optimisation,
engineering and design of components for a future 700 °C demonstration coal power plant.

The COMTES700 project is currently at mid-term. The project is proceeding very well and results obtained so far
are very promising. By the end of 2006, the CTF had operated successfully for more than 8 000 hours. By the end
of the project, the operations will have run for around 20 000 hours. More details can be found on the projects
web site: http://www.comtes700.org

However, at least one of the companies involved in COMPTES700 will not be waiting for Phase 3 of the AD700
project to be completed before using the technology and test results. E.ON has announced that it will build, in
Germany, the world's first large-scale coal-fired power station using entirely new materials. It is planned to
finalise the design of this new, 500 MW plant by 2008 and construction would start early in 2010 for
commissioning in 2014. With subassemblies and components capable of withstanding steam temperatures of
700°C and pressures of 350 bar, to be demonstrated by COMTES700, efficiencies in excess of 50% are expected.
The budget for this project is at least €700 million.

RESEARCH AND DEVELOPMENT 3 - OTHER EUROPEAN RESEARCH ON, OR RELATED TO A-
USC TECHNOLOGIES

There are many activities that have — and are — being carried out in Europe that are not directly funded by the
European Commission that also contribute greatly to the advancement of the technology for advanced-USC coal-
fired power production.

For example, as a forerunner to the COMTES700 rig, a test rig was built into the super-heater area of the boiler of
Esbjerg Unit 3 (Denmark). Three different super-heaters were installed — the first already in 1995 and tested at
different temperatures (620°C, 635°C and 700°C) for different periods (of up to 7 years). These tests showed that
more studies needed to be carried out on the material properties, especially the high temperature corrosion rates on

% The Emax group includes E.ON, RWE, Vattenfall Europe, EDF, Electrabel, PPC, Vattenfall Nordic and DONG Energy Generation.
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the flu gas side and the oxidation behaviour on the steam side (Chen et al*, 2005). A new super-heater has been
installed and is now being tested at 720°C and will be operated for 4 years. The work here is funded by the Enax
Group.

A full-scale (4 tonne) turbine control valve is included in the CTF at the Scholven plant in a separate R&D project
from the publicly-funded CONTES700 project. This valve was chosen because it is the most critical component of
a 700°C turbo-generating set. The project is funded by European generating companies and two suppliers (Alstom
and Siemens). The text operation is planned for completion in June 2009.

As part of the " CO,-Reduction-Technologies for fossil fuelled power plants" (COORETEC) which was set up by
the German Ministry of Economics and Technology (BMWi) there are a number of ongoing studies on the
materials that could be used in the new power plants. The R&D concept, the structure and membership of the four
working groups and the roadmap for the power plant concepts (both with and without carbon-capture- are
described in detail in the BMWi's Document N° 527 and on a dedicated website: http://www.fz-
juelich.de/ptj/projekte/index.php?index=1365.  Funding comes from the German Ministry together with
participating companies (mainly power plant operators and suppliers). The BMWi also supports the MARCKO
700 project for testing of a number of materials for the 700/720°C power plant to be used in pressure vessel
construction

Other material qualifications programmes for the future 700-720°C power plants are being carried out in Europe
under different "COST" projects. The "European Co-operation in the field of scientific and technical research" is
an intergovernmental European framework and networking system for research established in 1971. The EU's
Framework Programme supports the secretariat, though not the research itself. For example, COST 536 ACCEPT
("Alloy Development for Critical Components of Environmentally Friendly Power Plants™) was an action to
develop new (ferritic) high temperature steels with improved creep and oxidation properties which involved 17
European partners. COST 538 groups partners working on the development of methods and tools to facilitate high
temperature power plant lifetime extension.

The UK's former Department of Trade and Industry (DTI) — now Department for Business, Enterprise and
Regulatory Reform (BERR) — is running a Cleaner Fossil Fuel Programme which includes a major project on
advanced materials for low emission power plants which includes steam oxidation behaviour of materials under
ultra-supercritical conditions as well as activities on alloy development for critical components as a contribution
to COST 536 (see above).

Finally, there is the pre-engineering project "NRW Power Plant 700°C" (NRWPP700) which brings together 10
European companies (5 from Germany, 2 from Denmark and one each from Austria, Belgium and France)®.
These companies will produce a joint pre-engineering study with the conventional plant engineering and the
overall power plant concept planned by the specialist departments of the operators. The innovative features —
steam generators, steam turbines and other critical components subject to high temperature — are to be handled by
the specialist companies with relevant know-how in the field of high-temperature engineering.

The study is being done in three stages: planning of a 700°C demonstration plant fired by hard coal with an output
of approximately 500MW:; transfer of technical and economic findings to a commercial 700°C hard coal facility
with an output of approximately 1 000 MW; transfer of technical and economic findings to a commercial 700°C
brown coal facility with an output of approximately 1 000 MW. The project — which can be regarded as Phase 4 of
AD 700) is funded by the German federal state North Rhine-Westphalia and co-funded by the European
Commission through the European Regional Development Fund.

CONCLUSION

The above can do little more than give a flavour of the importance that Europe puts on further developing clean
coal technologies. It is clear to all that if coal is to have a future in electricity production in Europe it will need to

4 Q. Chen, G. Stamatelopoulos, A. Helmrich, S. Kjaer and C. Stolzenberger: Investigations on oxidation and corrosion
characteristics of the advanced boiler materials at steam temperatures up to 720 °C, 1st International Conference on Super-High
Strength Steels, 2-4 November 2005, Rome, Italy, Associazione Italiana di Metallurgia

® The group includes: DONG Energy Generation; E.ON Energie; Electrabel; EdF; EnBW Kraftwerke; EVN; RWE Power; STEAG;
Vattenfall A/S Nordic Generation; Vattenfall Europe Mining & Generation.
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be used much more efficiently — and emit ever decreasing quantities of CO, — in the future. All those companies
that depend heavily on the future of coal-fired generation, in particular the plant operators and suppliers are
working closely together both with and without public funding in a race against time. They clearly believe that
Advanced Ultra-super critical coal-fired plants have a potentially big future. However, this is far from being the
only technology that is being researched and likely to be demonstrated soon. It would have been equally
instructive to describe all the research efforts and projects that are going on around the development of Integrated
Gasification Combined Cycle (IGCC) technology and the plans to build a 450 MW power plant — with CO,
storage — also by 2014,

We will not rely on any one, single technology for producing electricity from our abundant coal resources. We
will continue with our research into and demonstration of a number of technologies and variation on technologies.
Some will be successful — other, possibly, less so. But what is vital is that we do succeed — the future of our
energy sector depends upon it.
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Figure 1 — Technology Blocks to be demonstrated through the Flagship

Programme
(Source: Zero-emission fossil-fuel power plant Technology Platform)

I Plant /1, Plant / 1 Plant / P coz2
R :_ _ Upstream 1 _ _ _ _ Power Production +CO2 Capture I _Downstream Transport_
1 ] I
| 1
IPOST-COMB. Fel/NeeE Purification Compression
i

power plant
1 1
1

|
IOXY-FIRING! Oy
b 1 power plant

Setting up!
different

CcO2
transport
ossibilitieg

Purification ompression

IGCC/ IRCC

Purification ompression
h power plant
| e e e - S L e e e e e e e o — — e — = —— 1
+ Largescale (10000 <+ POST-COMB: Amine, Ammonia, = CO2 Purification <+ High pressure/ = Transportto
T/day) Air others, process development for new _SOx Large scale the storage site
separation to plants & retrofits NOX CO2 _Land
provide pure O, « OXY-FIRING: Oxy —PC (different - compression pipeline
(>95%) to the burners + several O2 premix -PM (100-150 bars) Sea
boiler / gasifier technology, Oxy-CFB — Mercury - CO2 pipeline
-+ \Validate + PRE-COMB: NG reforming, gasifier -H20 compression - Shipping
Integration (quench cooling, radiant cooling) CO Condensation integration . Re-
possibilities of shift, H2/CO2 separation, GT H2 _Inerts removal * CO2 i compression
ASU in Power combustion technologies, cycle ) preparation for 45 required
Plant imizati -Drying
optimization transport
. - . . - Water
* ALL: Efficiency increase of boiler,
treatment

turbomachinery & CC definition

«—Storage ple Storage y, Trapping

__ _Type ___" ___g_eglggy__'. mechanism _!

1

! I
' 1
. 1
: 1
: 1
N :

1 Te(s);mg Testing :
: ing the the I
| storage :
1

! I
: 1
. 1
! 1
1

i 1

type

different

storage trapping

I

I

[}

|

I

|

I

: Assess-
I

|

: mechanismy
I

1

« Storage of CO2in « Assessment of type « Trapping

- Saline aquifers - Type of cap mechanisms

_ Exhausted rock - Single phase
petroleum - Reservoir gravitational
structures quality - Dissolution

- EGR/EOR - Volume - Residual

- CBM/ECBM - Overall - Mineral

properties - Over different time
- Etc. scales

TECHNOLOGY BLOCKS : Components and integration in value chains to be validated for full size
industrial use with several fuels: COAL, LIGNITE, PETCOKE, NATURAL GAS, BIOMASS, etc.
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(Source: Zero-emission fossil-fuel power plant Technology Platform)
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TECHNOLOGY BLOCKS : Components and integration in value chains to be validated for full size
industrial use with several fuels: COAL, LIGNITE, PETCOKE, NATURAL GAS, BIOMASS, etc.
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K4 : Dr Derek M. TAYLOR

Dr Derek Malcolm TAYLOR was born in Bury, Lancashire, UK. He graduated
with a degree in geology and a PhD in the geochemistry from Nottingham
University.

He worked for British Petroleum from 1972 to 1977 with most of that time based in
Canada and Australia. He then moved to work in Paris for the OECD/NEA from
1977 until1884 when he

joined the European Commission in Brussels where he has now worked for 23 years.
He spent the first six years in the Commission in DG XVII-Energy before moving to the Directorate General for
Industry and the Internal Market (DG Il1) where he was responsible for relations with the USA, Canada, South
Africa, Australia and New Zealand. From 1995 he was head of unit for a range of nuclear energy based activities
in the Directorate-General (DG) for Environment and, from 2001, in DG Energy and Transport.

Since May 2004 he has been Adviser on various aspects of energy and energy policy, in particular looking at the
energy mix in the European Union and its Member States. He is also responsible for international co-operation on
clean coal technologies (CCT) and carbon capture and storage (CCS) and for following the environmental aspects
of conventional energy use.
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