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E{.ﬂ“ IEA CCC Current Situation

Non-Profit making organisation supported mainly by
members subscriptions

Annual turnover around £1.8m (US $ 3.6m)
Staff - 25
Members - 26 members inc those in process
Special Reports - 14 -16 every year
Technical focus - coal fired power and environment
- Co-firing
- Greenhouse towards zero emissions
Databases
Abstracts
Expert Advice
Ad hoc consulting for members
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ESAN IEA CCC Mission Statement

The IEA Clean Coal Centre will provide a
source of unbiased information on
sustainable use of coal world-wide.
Services will be delivered to governments
and industry through:

direct advice
review reports

facilitation of R & D and
provision of networks

YV V. V V
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http://www.theodora.com/wfb/south_africa/south_africa_maps.html
http://www.theodora.com/wfb/south_africa/south_africa_maps.html
http://www.theodora.com/wfb/russia/russia_maps.html
http://www.theodora.com/maps/china_map.html
http://www.theodora.com/maps/france_map.html
http://en.wikipedia.org/wiki/Image:Flag_of_Poland_(normative).svg

E{.ﬂ“ IGCC Roadmaps for the APP

Study for the APP IGCC working group to report on:

Scope and status of existing and proposed IGCC
projects in APP countries and globally

Identify the major technical, economic and policy
barriers to the demonstration and deployment of
IGCC technology

Medium (2020) to long term (post-2020) options
for IGCC +carbon capture and storage (CCS)

= APP Country roadmaps
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E.f.ﬂ“ IGCC Roadmaps for the APP
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E&.ﬂ“ IGCC Roadmaps for the APP
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E{oﬂ“ IGCC Roadmaps for the APP

coal

CO, capture in IGCC systems
Preferred route - shift, then solvent scrubbing

hydrogen to gas turbine

[ |
»| Qasification and - hift - acid gas » CO. to st
solids removal 'y shi removal system 2ty SENEOS
Y
steam hydrogen sulphide to sulphur recovery
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E{oﬂ“ IGCC Roadmaps for the APP

Carbon Capture and Capture Ready IGCC Plants

No agreed universal definition of what ‘capture-
ready’ means

= Provision can be made ranging from
moderate, to extensive

= Capital cost and efficiency implications
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E{oﬂ“ IGCC Roadmaps for the APP

Barriers to IGCC Uptake
Technical
» The gasifier;
» Gas cleaning system;
* Oxygen production plant;
= Gas turbine;

= Syngas cooler, heat recovery steam
generator, steam turbine cycle;

= CO, capture systems (for capture ready- and
full capture plants)
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E{oﬂ“ IGCC Roadmaps for the APP

Barriers to IGCC Uptake
Economic

= Very significant increases in capital costs,
mid decade

= Conservative approach to IGCC technology
by investment banks and credit rating
agencies

= Impact of the ‘credit crunch’?

av

© |IEA Clean Coal Centre
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E{oﬂ“ IGCC Roadmaps for the APP

Barriers to IGCC Uptake
Policy and public attitudes

= 30 year investment period, but uncertain
and changing regulatory background

= Strategic benefits of using coal
= CO, reduction (efficiency and capture)

= Public perception - ‘just another dirty coal
plant’

© |IEA Clean Coal Centre
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E{oﬂ“ IGCC Roadmaps for the APP

Barriers to IGCC Uptake
Skills and resources

= |GCC development and deployment requires
a broad mix of scientists and engineers

= Reported shortage of skilled labour, and
ageing resource pool

= New flagship projects attracting graduates

= Signs that graduates turning from banking
to physical sciences
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E{oﬂ“ IGCC Roadmaps for the APP

IGCC projects within APP countries
Comprehensive review country-by-country

* Projects announced, and disappear almost
daily (Google news alerts)!

= |GCC activities listed by capture- and
capture ready- status

* Annexe summarises significant non-APP
activities

www.iea-coal.org.uk
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DSAL

Example extracted from

IGCC Roadmaps for the APP

report

Table X IGCC projects and proposals featuring CCS — Republic of Korea

Industries)

Developer Location Capacity | Technology | Feedstock | Destination | Status/Comments
(MWe) of CO,

KEPCO Taean 300 MHI 2-stage, | Coal and Not specified, | Design (2006-09)

(Korea dry feed, other fuels | but plant Construction (2009-12)
entrained biomass, capture ready. [ Operation (2012-14

Western ( : | S ( )
flow, air- waste)

Power,
blown

Doosan Heavy gasifier

© |IEA Clean Coal Centre
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E{oﬂ“ IGCC Roadmaps for the APP

Individual APP country roadmaps

Vary from statements of policy to highly
detailed action plans

Subject to development and revision (e.g.
FutureGen)

Separate roadmaps for technology
development and CO, capture in some cases

© |IEA Clean Coal Centre

www.iea-coal.org.uk



IGCC Roadmaps for the APP

COAL21 Action Plan

Oxy-fuel
generation
Geological
storage of
C0o2
Phase 1 Phase 2

Start & accelerate
deployment of new
technology

RD&D & deployment of
best available technology

2005 2010 2015 2020 2025
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IGCC Roadmaps for the APP
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E{oﬂ“ IGCC Roadmaps for the APP

Regional APP country roadmaps

Technical issues

= Draw on work being undertaken on IEA
Working Party on Fossil Fuels (WPFF)
roadmaps (report due June 2009)

= Separate IGCC and CCS issues
» Accompanying issues
= Economic - Financing IGCC Development

= Policy and Public Attitudes
= Skills and Resources

www.iea-coal.org.uk
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e APP - IGCC

»
A b
Cusrent position (2009) 20092015 2005-2017 2017-2020 20202025 2025-2030 Post-2030
5 DEMOS/EX- DEMOS CONSTRUCT £5% AVAILABILITY HGH AVAILABILITY COMMERCIAL PLANTS 90% AVAILABILITY CO: CAPTURE AS
OPERATE, 250-300MWe COMMERCIAL PLANTS COMMERCIAL PLANTS COMMERCIAL PLANTS OPERATING WITH H- COMMERCIAL K50C STANDARD USING GAS
VARIOUS ENTRAINED WITH F AND W OPERATING WITH F- OPERATING WITH F- GTS ABLE TO BURN WITH H-CLASS GTSs SEPARATION
GASIFIERS ON VARIOUS (| TURBINES AND W-CLASS GTS AND W-CLASS GTS HIGH HYDROGEN WITH ULTRA-LOW NOx MEMBRANES
COALS FULL C( CAPTURE ON HYDROGEN FUEL
COMMERCIAL VARIOUS GASIFIER AVAILABLE CAPITAL COST LOWER
600 MWe COMMERCIAL AT A EI L OPERATION OF NEW TYPES CAPITAL COST THAN PCC WITH CCS
ER NS IHDER REDUCE CAP COST WATER QUENCH e COMMERCIAL N
CONSTRUCTION. INCREASE GASIFIERS PCC FOR NON-CAFTURE ||| scark memio oF 25%+, LHV, INC €O,
HIGHER CAP. COST AVAILABILITY . SYSTEMS T TTIIE CAPTURE, ALL COALS
THAN POC BUT COSTW. ||| ExTEND RANGE s EFFICIENCY 50%+ LHV
CAPTURE O0F DOALS - DGEE‘CHDP orFoR BASIS ON ALL COALS AR TEATE I ITM OXVGEN AS
COMPETITIVE. A IR ROVE ABOVE e (NO €O, CAPTURE) 0 IN IGCC WITH STANDARD WITH ITM-
350 NET, LHW. 465 DEVELOPMENTS ARy eI VEL ITM-OPTIMISED GT (ETREED L GY
NEW PLANTS (F- OPTIMISE 1GCC OFPERATE ON HIGH
TURBINES) ON B TOCEE HYDROGEN FUELS LA g 2 dimd e /e DRY GAS CU INCL
BITUMINOUS COALS : WITH e e TRATE MERCURY
R M HTOE SATISFACTORY CYCLES ITM OXYGEN
DRY SYNGAS @ PILOT GAS r

— CLEANING NOx EMISSIONS S0 SUFPLY IN MGCC DEVELOP CO- GTs OTHER SYSTEMS WITH
Emissions: TR CAPTURE CLEANING+ FUEL CO.TURBINES, COJHIO
Particulates <1 ? ) COMPATIBLE CELLS TESTS B )
Pt AIR SEPARATION, DEMONSTRATE TURBINES

F e ] e.g ITM LARGE FUEL FUEL CELLS IN SOME
N0 <50 mg/mr’; SCR. will = SLIPSTREAM TEST CELLS ON 5YNGAS PLANTS

albow bower levels
Microary capbar:
demonstrated

REDUCE COST
EXTEND RANGE
OF COALS

ITM DEMO ON
IGCC (PARTIAL
FILOW)

DEMOS OF HGCU
SIDESTREAM GAS
CU+FUEL CELL

FULL FLOW PRE-
COMB CCS DEMOS
USING

SHIFT+SCRUBBING

DEMONSTRATE
NON-CRYOGENIC
AIR SEPARATION

ADVANCED CCS
DEMOS

OF FUEL CELL ON
ULTRA-CLEAN
SYNGAS

Emissions:

Pasticulates 0.1 mg/m’
Emissions of 50 and NOx
<10 mgfm’

% mencury remowal

DEMIONSTRATE
ULTRA-DEEP
SYMNGAS
CLEANING FOR.
FUEL CELLS

%\.E\‘

b
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IGCC Roadmaps for the APP - CCS

Current position (2009) 2009-2015 2015-2017 2017-2020 2020-2025 2025-2030 Post-2030
LARGE SCALE CAPTURE LARGE DEMOS 85% ADVANCED DEMOS >85% COMMERCIALLY COMMERCIAL SYSTEMS COMMERCIALLY
AND STORAGE CAPTURE CAPT'RE AVAILABLE SYSTEMS, 90% CAPTURE: AVAILABLE SYSTEMS,
DEMONSTRATION ON PHYSICAL AND IGCC: ADVANCED >85% CAPTURE IGCC WITH H-CLASS GTs 90% CAPTURE:
NON-POWER PLANTS CHEMICAL SCRUBBING GASIFIERS WITH ULTRA-LOW NOx
SLIPSTREAM TESTS ON ON H, IGCC:
CAPTURE EXPERIENCE IN MEMB SEPARATION HIGH SPEC GTS
CERTAIN INDUSTRIES H, COMBUSTING GT REDUCED ENERGY USE ROUTINELY USED TO
OF CO, CAPTURE AND BURN HIGH H; WITH
COMPRESSION ULTRA-LOW NOX
ADVANCED IGCC
CYCLES INCL FUEL
CELLS
IGCC R&D
NEW SOLVENTS,
MEMBRANES,
ADSORPTION SYSTEMS
GENERAL:
ENERGY EFFICIENT
COMPRESSOR DESIGNS
IGCC:
1 PHYSICAL AND
CHEMICAL SOLVENT 1GCC:
SCRUBBING DEMO MEMBRANE
H-CLASS GTS FOR HIGH REACTORS
1GCC: H, FUELS DEMO GASIFICATION
DEV AIR-EXTRACTABLE PILOT MEMBRANE FUEL CELL CYCLES
GTS FOR HYDROGEN REACTORS FOR CCS
REDUCE SHIFT STEAM DEMO NOVEL
REQUIREMENT GASIFICATION-BASED
1GCC: PILOT MEMBRANES, CYCLES
LAB TEST MEMBRANES MEMBRANE REACTORS DEMO ITM IGCC CCS
MEMBRANE REACTORS GASIFICATION FUEL
ADVANCED GASIFIERS CELL CYCLES
NOVEL IGCC CYCLES NOVEL IGCC CYCLES
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E.?,ﬂ“ IGCC Roadmaps for the APP - CCS

Financing Issues (IGCC)

*Reduce up-front costs

*Create a level playing field

«Clarify the regulatory environment
*Focus scarce resources on the strongest
*Streamline permitting

*Increase global energy R&D spending
Increase international co-operation

Financing Issues (CCS)

*Emissions trading

*Mandating CCS

Utility mandates

*Energy regulator approval of higher costs

*CCS trust fund or other specific govt. subsidies Develo pm ent and Full
Commercialisation of IGCC

with Advanced CCS Options

by ~2020

Policy and Public Attitudes

*Emphasis on long term developments

*Engage public on benefits of clean coal
*Streamlined planning and permitting procedures

Skills and Resources

*Ensure adequate numbers of scientists, engineers
and technicians (SET)graduating

*Appropriate lobbying on education policy
*Incentives and rewards for SET

© |IEA Clean Coal Centre
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DSAL

Thank You
Questions?

lan Barnes PhD, CSci, CChem, FRSC
Hatterrall Associates The Wynards,
Stockwell Lane, Woodmancote, Cheltenham,
Glos., GL52 9QB United Kingdom
VAT Registration Number: 821 8536 29
Telephone: +44 (0)1242-675639
Fax: +44 (0) 8701991819
Mobile: +44 (0)7775-506557
E-mail: lJanBarnes@Hatterrall.com
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