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F Key Issues for EU

e Current and future energy usage
e Security of supply
 Environmental issues

e Quality of life

 Employment, competitivity, etc.

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme



PowerClean P
F Current coal usage

o Coal represents 25.5% of total global energy
usage

« Coal generates 38.7% of global electricity

 Many countries, including both EU-15 and new
member states are heavily dependent on coal
for electricity production
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Clean fossil fuel In
Europe

« Over the period to 2030, Europe faces a requirement for 500 GW of new
electricity capacity because of:

o0 a legacy of ageing plant that will have to be replaced

o0 a need for new plant to meet increased electricity demand

» This will cost about €400 billion ($530 billion)

» This new plant will have to operate through the period of declining ol
and gas supplies

* It will not be possible to use intermittent renewable energy supplies to
build 500 GW of reliable plant capable of supplying stable base load

* Therefore, a very large proportion of this new plant will have to be based
on new, advanced, clean coal technology.
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FEnvwonment and CO., s

There has been a steady improvement in the emissions performance
of coal fired power plant to the extent that all new plant more than
complies with the new EU LCPD emissions levels

CO, emissions can be reduced through increased efficiency and
through the development of effective co-utilisation with biomass

Global coal use is set to expand significantly, and there is a
responsibility to develop clean coal technologies to ensure that this
expansion is achieved with the minimum environmental impact

If the present European coal-fired fleet were replaced by current
state-of-the-art equipment, European long-range CO, emissions
reduction targets could almost be met for the sector NOW
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F Security of Supply
|

« Coal has a very strong strategic role to play because of
e the amount available,
* its wide distribution,
e ease and low cost of transport,
* history of price stability.

e It provides:
o Fuel diversity
0 Security of supply
o Possibility of stable prices
0 Reduced dependence on a single source and a single fuel
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Competitivity

i

Historically, Europe has built half of the world’s power stations

The power plant market to 2030 is about €3600 billion, of which
coal-fired plant will represent €1450 billion ($2000 billion)

Europe could hope to capture 50% of this market plus about €175
billion in spares, maintenance and repairs (Total ~ €900 billion)

This must be won in the face of competition from USA, Japan and
companies within the target markets

The power generation industry is a major contributor to Europe’s
economy, employing over 200,000 workers (EU-15)
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Technology options
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Ultrasupercritical
Pulverised Coal Combustion
Plants
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“State-of-the-art” p.f. technology
d-wide

Studstrup (DK) 540/540
Maatsura 1 (J) 538/566
Esbjerg (DK) 560/560
Schwarze Pumpe (D) 547/565
Maatsura 2 (J) 593/593
Haramachi 2 (J) 600/600
Nordjylland (DK) 580/580/580
Boxberg (D) 545/581
Tachibanawan 1 (J) 600/610
Avedore (DK) 580/600
Niederaussem (D) 580/600
Hekinan (J) 568/593

Isogo (J) 600/610
Hitachinaka (J) 600/600

Torrevaldaliga (1) 600/610

Supported by the EC FP5 EESD R&D Programme
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* Best reference plant
Tachibanawan, 2x1050 MWe
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To Technical status
|

e Supercritical pulverised coal combustion is now an

efficient, proven and reliable technology operating at
efficiencies of 47% — 50% net on an LHV basis

e The mature nature of the technology is such that
further developments will consist of refinements rather

than major breakthrough

e Adaptability of USC-PC systems for near-zero CO,
emissions will be an issue Iin the near to medium term
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Fu Developments needed
|

e Efficiency improvement, and flexibility of USC units

e Reduction of environmental impact (CO, included)

e Reduction of capital costs

: 1

Development of new materials, novel designs and CO,
capture options (AD700, Emax, Comtes 700, COST)
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T R,D&D in Europe, cont.
| Materials

e Much work has been carried out to develop new
steels for advanced supercritical plants over the past
20 years

e Europe, together with Japan, still has a competitive
advantage in this field that programmes like Comtes
700 will help to maintain
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Tu R,D&D in Europe, cont.
| Near-zero emission technologies

The Sixth Framework Program has among its strategic
priorities the demonstration at significant scale of the
removal of CO, from coal fired power plant.

Further emphasis needs to be given to integration of the
combustion process with the CO, capture stage, in order
to minimise efficiency losses and potential plant
flexibility/availability problems.
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Atmospheric Circulating
Fluidised Beds Plants
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W “State-of-the-art” A-CFBC technology

Best installations world-wide
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* Best reference plant
Jacksonville, 300 MWe

Steam
540°/540 °C, 172 bar

Emissions
(mg/Nm3 @ 6% O,)
NO, =90
SO, = 140
Dust = 10
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o Technical status
|

e CFBC is a mature for small units

e It offers an alternative to PF and is able to use low
grade, variable quality coal, plus biomass and wastes

e The technology is proven up to ~300 MWe. It has
recently moved to the implementation of a supercritical
boiler (460 MWe) and is poised for commercial projects
at up to 600 MWe
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Developments needed

f

Further scale up to 600-800 MWe, to satisfy the operators future

needs, to improve plant construction and operation and reduce

capital costs

e Future developments should focus on:

improved component design leading to more compact systems
broadened range of fuel flexibility

introduction of USC steam cycles (following AD 700)

improve SO, abatement efficiency, reducing sorbent consumption
develop commercial uses for the residues

introduce CO,, capture

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme
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R,D&D in Europe

Third and Fourth Framework Programs

Considerable support for the development and demonstration of FBC
technology, including the 250 MWe CFBC at Gardanne

Fifth Framework Program

No designated funding for either development or demonstration of FBC
technology. Environmental performance is the main issue. Thus, funding
can be sought not for technology development as such, but rather for
improving environmental impact of such technologies

Sixth Framework Program

No scope for CFBC R&D

Some R&D funding is available via the RECS for multi-partner activities
(environmental considerations a major issue)
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Integrated Gasification
Combined Cycle Plants
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“ State-of-the-art” IGCC technology

Best installations world-wide
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2005

At least 163 commercial
gasification plants in
operation, construction,
planning or design stage

Currently only 11 major
IGCC plants using coal,
petroleum coke and
refinery residues as
feedstock

Supported by the EC FP5 EESD R&D Programme
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Coal Based IGCC Plants

Project/ Combustion | Gasification | Net Output Start-Up
Location Turbine | Technology MW Date
Wabash GE 7 FA |Global Egas 262 Oct 1995

River, IN (formerly
Destec)
Tampa GET7F Texaco 250 Sept 1996
Electric, FL
Demkolec Siemens Shell 253 Jan 1994
(now Nuon), V 94.2
Buggenum
Netherlands
ELCOGAS Siemens | Krupp-Uhde 310 Dec 1997
Puertollano V 94.3 Prenflo
Spain

There have been 6 large scale IGCC plants (4 still in service)

fired with coal or petcoke

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005)
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To Technical status
|

e Different gasification technologies have been successfully

demonstrated at commercial size, but single train IGCCs
have not yet achieved their yearly availability target of 85%

e The major problems for coal fuelled IGCC at present are the
capital cost and the uncertainty concerning its operational

track record
e IGCC is currently being commercially used in many plants

world-wide, based on the gasification of opportunity
feedstock, providing power, steam and hydrogen
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+ Developments needed
|

e Process reliability is the single most important technical

limitation

e Main technical issues are:
- high pressure solid feed injection
- long lived refractory liners
- ion transport membranes
- metal filter development
- CO, capture
- hydrogen membranes
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1o R,D&D in Europe

e Within Europe, there has been significant development of various

gasification technologies and overall gasification combined cycle
systems, with funding via industry, various nation states and the
European Commission

e The demonstration at the commercial prototype scale of two
variants of the entrained bed concept has been undertaken via
Buggenum and Puertollano (the latter with support via the EC
Thermie within earlier Framework Programmes)

e There has also been significant R&D effort supported by the EC
and ECSC - RFCS for various added-value activities for the
various gasification concepts

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme
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T R,D&D in Europe, cont.
|

e FP6 is funding IGCC development towards a near zero emission
technology via H, shift and CO, capture (ENCAP): there is no
scope to improve overall IGCC performance (efficiency and

availability)

e RFCS is funding the development of individual components of
the technology (systems to introduce coal, gas particulate
removal, new materials, ...) but, having medium term guidelines,
there is less emphasis on IGCC compared to combustion

technologies such as PF and CFBC

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme
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Examples of novel concepts
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Chemical Looping

‘|l Combustion
|

e Use of "oxygen carrier ", typically

a metal oxide, results in CO,-rich,
N,-free combustion gas stream

e Development of CLC performed
Air-

reactor iIn Sweden, Japan and USA

e EC support provided for CLC
within scope of FP5 GRACE
project

e RFCS funds work in this area,

including LCCC project
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So! Whereto ..?
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The need for R,D&D

The cost of CO, capture and storage from clean coal technologies is
competitive with other routes based on renewables.

Increased generation efficiencies are needed to reduce costs and
preserve resources

Co-utilisation of coal and biomass provides a route to large-scale
biomass exploitation

Coal gasification provides a sustainable route to developing the
hydrogen economy

Advanced clean coal technologies still have to be developed and
demonstrated commercially

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme
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« The USA and Japan have significant long-term strategic
programmes to develop clean coal technologies to meet future
domestic and export market requirements

Examples include Vision 21, Futuregen, in the USA, and
EAGLE (IGCC-FC) and long-term materials programmes in
Japan.

Europe needs a similar level of commitment if it is to remain
competitive in World markets

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme



TECHNOLOGIES

T OF INTEREST TO EUROPE
|

e Advanced ultra-supercritical pc combustion

« CFBC, Including an advanced supercritical
steam cycle

e IGCC

(including CO, capture and H, production)

PowerClean Thematic Network (IEA Clean Coal Conference, Sardinia, May 2005) Supported by the EC FP5 EESD R&D Programme



b

PowerClean

PRIORITY R, D&D NEEDS

Il.

Implement an ultra-supercritical pf combustion
demonstration power plant, building on the approach
established by EU industry within AD 700.

Establish a state of the art CFBC utility scale unit
using advanced supercritical steam conditions
(building on the AD 700 experience) incorporating the
co-firing of coal and biomass.

Establish an integrated R&D programme for multi-
function IGCC development appropriate to H, and
power production with CO, capture. Work could be
based on a side-stream at Buggenum or Puertollano.
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