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rimary energy demand in the Reference
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World energy demand expands by 45% between now and 2030 — an average rate of increase
of 1.6% per year — with coal accounting for more than a third of the overall rise
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Incremental primary energy demand in the

Reference Scenario, 2006-2030
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The increase in China’s energy demand to 2030 — the result of its sheer market size &
stronger economic growth prospects — dwarfs that of all other countries & regions
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Demand for coal has been growing faster than any other energy source & is projected to

account for more than a third of incremental global energy demand to 2030



<N The Reference Scenario:
E'?'ﬂ‘ World coal production
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Steam coal, used mainly in power generation, dominates the 60% growth in global coal
production in 2006-2030, its share of output rising from 77% to 81%



N The Reference Scenario:
E‘?'ﬂ‘ Net hard-coal exports
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Trade in hard coal grows by 2% per year to 2030, reaching almost 980 Mtce,

with most of the growth in exports going to China & India
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World Energy Outlook 2008, IEA

Renewables and nuclear power will increase. The share of renewables would achieve 40%.
The share of coal halves to 21%, coal will remain one of the largest electricity sources.



E.?ﬂ' People without access to electricity in
IEA WEO Reference Scenario (millions)
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The boundaries and names shown and the designations used on maps included in this publication do not imply official endorsement or acceptance by the |EA.

S35 billion per year more investment than in the Reference Scenario would be needed to 2030
— equivalent to just 5% of global power-sector investment — to ensure universal access
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Coal Fired Power Plant
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E{.ﬂ“ Recent Plant State-of-the-Art Conditions

Q G8 Case study plants
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1990

1995
Year

2000 2005

2010

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

Yunghung 566/576
Genesee 3 580/570

Hitachinaka (J) 600/600
Torrevaldaliga (I) 600/610
Huyan (China)
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AEAN Nordjylland 3, Den

USC, tower boiler, tangential corner firing,
int. bituminous coals, cold sea water

Most efficient coal-fired plant

Operating net efficiency 47% LHV, power only mode/44.9%
HHV (not annual)

High steam conditions 29 MPa/582°C/580°C/580°C at boiler by
early use of new materials (P91)

Large number of feedwater heating stages

Double reheat has prevented LP blade erosion

Very low emissions and full waste utilisation

NOx abatement Combustion measures and SCR
Particulates removal ESP

Desulphurisation Wet FGD

© IEA Clean Coal Centre www.iea-coal.org.uk



GSAN Niederaussem K, Germany

USC, tower boiler, tangential wall firing,
lignite of 50-60% moisture, inland

Most efficient lignite-fired plant =
Operating net efficiency 43.2% LHV/37% HHV

High steam conditions 27.5 MPa/580°C/600°C at turbine; initial
difficulties solved using 27% Cr materials in critical areas

Unique heat recovery arrangements with heat extraction to low
temperatures - complex feedwater circuit

Low backpressure: 200 m cooling tower, 14.7°C condenser inlet

Lignite drying demonstration plant being installed to process
25% of fuel feed to enable even higher efficiency

NOx abatement Combustion measures
Particulates removal ESP
Desulphurisation Wet FGD

© IEA Clean Coal Centre www.iea-coal.org.uk



E&.ﬂ“ Isogo New Unit 1, Japan

USC, tower boiler, opposed wall firing, int
bitum and Japanese coals, warm sea water

Near zero conventional emissions (NOx 20 mg/m3, sulphur oxides 6
mg/m3, particulates 1 mg/m3, at 6% O,, dry); full waste utilisation

Highest steam conditions: 25.0 MPa/600°C/610°C at turbine: ASME
CC 2328 steels in S/H; P122 for main steam pipework

Operating net efficiency >42% LHV/40.6% HHV

Efficiency tempered slightly by 21°C CW, fewer FW heating stages
Dry regenerable activated coke FGD (ReACT)

NOx abatement Combustion measures and SCR
Particulates removal ESP

Isogo New Unit 2 will use ReACT specifically for multi-pollutant
control, including mercury

© IEA Clean Coal Centre www.iea-coal.org.uk



E&.ﬂ“ Torrevaldaliga Nord

USC, boilers supplied by Babcock Hitachi ,
using bituminous coal

3 units at 660MWe = 1980MWe station

Very low conventional emissions (NOx <100 mg/m3, sulphur oxides
<100 mg/m3, particulates 15 mg/m3, at 6% O,, dry); full waste
utilisation

Highest steam conditions: 604°C/612°C at turbine: 25 MPa
Operating net efficiency >44.7% LHV

Wet scrubber based limestone/gypsum FGD

NOx abatement SCR

Particulates removal Bag filters

New sea port for coal delivery

Solids handling all enclosed

© IEA Clean Coal Centre www.iea-coal.org.uk



E}oﬂ“ E On 50% efficient plant

... 90 plus by using new nickel alloy superheater tubing at 700C

Location Wilhelmshaven ”

Efficiency 50 % [~ "“"”I

Capacity 500 MW,

Investment 1 billion € ++ g -

Start of operation 20147

2007 2010? 20147?

Size of plant Material development Construction
Search for location Request for proposal Start of operation
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Power generation:

Coal use in China, India and South Africa

*Shanghai, 900 MW SC units
*Fuyang Huaren, 660 MW SC units

Subcrit | SC/USC | FBC | IGCC
PcCC PCC
China X X X X
India X (X) X X
South X (X)
Africa

Fower Plants Areund (2 World g e i O |

Sipat power plant, India = i o
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CO2 emission reduction pathways

Average worldwide

EU average

1116 gCO2/kWh | >
I - State-of-the art
PC/IGCC
881 gCO2/kWh —

743 ¢CO2/kWh

¢CO2/kWh

‘ Advanced R&D
—i

669 gCO2/kWh 1

but deep cuts only by

<2020

adapted from VGB 2007; efficiency — HHV ,net

Energy Efficiency makes big change but deep cuts of CO2 emission can be done only by
Carbon Capture and Storage (CCS)



Size, capacity, age, operating efficiency
of coal-fired plants worldwide
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10 Years 11-20 Years 21-25 Years 26-30 Years 31-40 Years >40 Years
Age of Units

As of 2004...

* ~50% of the operating fleet - >25 years age, <300MWe unit size
* >80% of the operating fleet — sub-critical units

* average operating efficiency ~28.4%, HHV, net

© OECD/IEA 2008



vvm Potential for CO2 emissions reductions
A5AN

Coal-fired power and CHP plants worldwide account for
~25% of total CO, production

Replacement potential - ~300 GW
Upgrade potential - up to 200 GW

Replacement or upgrade of some units under progress or
already planned

Globally 1.35 - 1.7 billion ton/annum of CO, reduction
possible by moving to current state of the art pc-plants -
about 5% of global anthropogenic emissions

© OECD/IEA 2008
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Vattenfall 3S0MWth oxy fuel pilot plant
at Schwarze Pumpe
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China’s 1st Post Combustion CO2
Capture Pilot Plant

The design parameters
are:

Flue gas flow to unit
2000-3000 Nm3/h

Steam consumption
3GJ/tonne CO2

Solvent consumption <
1.35 kg/tonne CO2

Owners: Huaneng

CSIRO assisted

© IEA Clean Coal Centre www.iea-coal.org.uk
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RWE Power will develop a zero-CO, lignite-fired IGCC in
Germany

Plant will be commissioned with CO, transport and storage
if market and regulatory conditions are appropriate

— Capacity: 450 MW 55, 360 MW
— Net efficiency (target): 40%
— CO2 storage: 2.6 million tonnes per year in depleted

Gas reservoir or saline aquifer

— Commissioning: 2014

© IEA Clean Coal Centre www.iea-coal.org.uk



Near Tiajin, southeast of Beijing. The first phase of GreenGen is
expected on line in 2011, generating 250MWe, expanding to 650
megawatts in later phases.
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ROADMAPS
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E'?'ﬂ“ OECD roadmapping - PCC

Current position (2009)

2009-2015

2015-2017

2017-2020

2020-2025

2025-2030

Post-2030

COMMERCIAL USC TO
25-30 MPa/600°C/620°C
46% NET, LHV, BITUM
COALS, INLAND, EU,
EVAP TOWER COOLING,
(44%, HHV).

ON HIGH MOISTURE
LIGNITE 43% NET, LHV,
SIMILAR CONDITIONS
(37%, HHV)

COMMERCIAL USC TO
25-30 MPa/600°C/620°C

COMMERCIAL USC TO
25-30 MPa/600°C/620°C

COMMERCIAL USC TO
35 MPa/700°C/720°C

R&D, PILOT TESTS

Materials, cycles
CO; capture

700°C DEMOS

R&D materials
Side-stream CCS

Emissions on bitum coals:
Particulates 5-10 mg/m?®
S0, <20 mg/m®

NOXx 50-100 mg/m®

dry systems can give lower
emissions

© |IEA Clean Coal Centre

FULL FLOW CCS
DEMOS ON USC
600°C PLANTS

R&D
Materials

Novel post-comb
Oxv-coal materials 700°C

ADVANCED FULL
FLOW CCS DEMOS
(scrubbing only for
700°C technology)

Full environmental controls
at at least 2009 state-of-the-
art emissions

COMMERCIAL CCS USC
TO 35 MPa/700°C/720°C

COMMERCIAL CCS USC
TO 35 MPa/700°C/720°C

(scrubbing only for 700°C RANGE OF CAPTURE

technology) SYSTEMS

COMMERCIAL OXY-

COAL USC TO >700°C/720°C

30 MPa/600°C/620°C DEMOS, ALL WITH
CCSs, VARIOUS
TYPES

OXY-COAL CCs
DEMO 700°C
TECHNOLOGY

R&D
Oxy-coal materials
700°C

R&D materials

Emissions on all coals:
Particulates 1 mg/m®
SO, 10 mg/m®

NOx 10 mg/m?

90% mercury removal

COMMERCIAL CCS USC
ROUTINELY BEYOND
35MPa/700°C/720°C

ALL CAPTURE SYSTEMS
ALL COALS, ALL FIRING
CONFIGURATIONS
45%+ NET, LHV, INC CO;
CAPTURE, ALL COALS

Near-zero emissions all
coals:

Particulates <1 mg/m®
SO, <10 mg/m®

NOx <10 mg/m?®

99% mercury removal
90% CO, capture

www.iea-coal.org.uk




E{'ﬂ“ OECD roadmapping - IGCC

Current position (2009) 2009-2015 2015-2017 2017-2020 2020-2025 2025-2030 Post-2030
5 DEMOS/EX- DEMOS CONSTRUCT , OPERATE 85% AVAILABILITY HGH AVAILABILITY COMMERCIAL PLANTS 90% AVAILABILITY CO, CAPTURE AS
OPERATE, 250-300MWe COMMERCIAL PLANTS COMMERCIAL PLANTS COMMERCIAL PLANTS OPERATING WITH K- COMMERCIAL IGCC STANDARD USING GAS
VARIOUS ENTRAINED WITH LATEST F AND W WITH LATEST F- AND OPERATING WITH OR J-GTs ABLE TO WITH H- OR J-CLASS SEPARATION
GASIFIERS ON VARIOUS TURBINES W-CLASS GTs. SOME LATEST F- AND W- BURN HIGH HYDROGEN GTSs WITH ULTRA-LOW MEMBRANES

COALS

600 MWe COMMERCIAL
PLANTS UNDER
CONSTRUCTION.
HIGHER CAP. COST
THAN PCC BUT COST W.
CAPTURE
COMPETITIVE.

40-43% NET, LHV, 46%
NEW PLANTS (LATEST
F-TURBINES) ON
BITUMINOUS COALS

Emissions:

Particulates <1 mg/m®

S0, <20 mg/m®

NOx <50 mg/m? SCR will
allow lower levels
Mercury capture
demonstrated

R&D AND PILOT
REDUCE CAP COST
INCREASE
AVAILABILITY
EXTEND RANGE
OF COALS

GAS TURBINE
DEVELOPMENTS
OPTIMISE IGCC
BLOCKS
DEVELOPMENT OF
DRY SYNGAS
CLEANING
NON-CRYOGENIC
AIR SEPARATION,
eg. ITM

© |IEA Clean Coal Centre

WITH PARTIAL
CAPTURE

COMMERCIAL OP OF
NEW WATER QUENCH
GASIFIERS

CLASS GTs

VARIOUS GASIFIER
TYPES

PROVE ABOVE
OPERATE ON HIGH
HYDROGEN FUELS
WITH
SATISFACTORY
NOx EMISSIONS SO
CAPTURE
COMPATIBLE

REDUCE COST
EXTEND RANGE OF
COALS

ITM DEMO IGCC
PARTIAL FLOW
DEMOS OF HGCU
SIDESTREAM GAS
CU+FUEL CELL

FULL FLOW PRE-
COMB CCS DEMOS
USING
SHIFT+SCRUBBING

DEVELOP H-CLASS
IGCC GT

DEVELOP GT FOR
ITM CYCLES
DEVELOP NOVEL
GASIFIER DESIGNS
NEW POWER
CYCLES

PILOT GAS
CLEANING+ FUEL
CELLS TESTS

DEMONSTRATE
NON-CRYOGENIC
AIR SEPARATION

ADVANCED CCS
DEMOS

Full emissions controls at at

least 2009 state-of-the-art

FULL CO, CAPTURE
AVAILABLE

CAPITAL COST
COMPARABLE WITH
PCC FOR NON-CAPTURE
SYSTEMS

EFFICIENCY 50%+ LHV
BASIS ON ALL COALS
(NO CO, CAPTURE)

NOx ON HYDROGEN
FUEL

DEMONSTRATE
ITM OXYGEN
SUPPLY IN IGCC

SLIPSTREAM TEST
OF FUEL CELL ON
ULTRA-CLEAN
SYNGAS

COMMERCIAL
SCALE DEMO OF
DRY GAS CLEANUP

DEMONSTRATE ITM
O IN IGCC WITH
ITM-OPTIMISED GT

Emissions:

Particulates 0.1 mg/m?
Emissions of SO, and NOx
<10 mg/m®

90% mercury removal

DEVELOP CO, GTs

DEMONSTRATE
LARGE FUEL
CELLS ON SYNGAS

DEMONSTRATE
ULTRA-DEEP
SYNGAS
CLEANING FOR
FUEL CELLS

CAPITAL COST LOWER
THAN PCC WITH CCS

45%+, LHV, INC CO;
CAPTURE, ALL COALS

ITM OXYGEN AS
STANDARD WITH ITM-
OPTIMISED H, GT

DRY GAS CU INCL
MERCURY

FUEL CELLS IN SOME
PLANTS

EVENTUALLY OTHER
SYSTEMS WITH CO, GTs
CO,/H,0 GTs

Near-zero emissions, all
coals:

Particulates 0.1 mg/m®
S0, <10 mg/m?®

NOx <10 mg/m®

99% mercury removal

www.iea-coal.org.uk




CO, emissions (Gt CO,/yr)

p Scenario

70
Baseline emissions 62 Gt ——»
60 CCS industry and transformation 9%
CCS5 power generation 10%
Nuclear 6%
50
Renewables 21%
40 Power generation efficiency
& fuel switching 7%
End-use fuel switching 11%
30 End-use electricity efficiency 12%
20 End-use fuel efficiency 24%
BLUE Map emissions 14 Gt —— »
101
< > < >
WEOQ2007 450 ppm case ETP2008 BLUE Map scenario
o | I | I | I | I I
2005 2050
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Power generation on 5.5 Gt CO, captured 2050 Industry & Upstream 4.5 Gt CO, captured 2050

Other OECD North America Other OECD North America

31% —‘ 15% 36% ‘ 29%

OECD Europe
12%
‘ OECD Europe
—— OECD Pacific 7%
9% China & India ‘ — OECD Pacific
19% 9%

China & India
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rowth pathway

~ . . 2050
12000 OECD Pacific India 3,400 projects
M United States I Eastern European Union OECD (35%)
10 000 - Other OECD and Former Soviet Union 2040 Non-OECD (65%)
North America M Central and South America éég%i’;%l%ts
8000 | B OECD Europe M China Non-OECD (60%)
. Other Developing Asia Africa
(] Middle East 2030
() 6 000 |- .
S L] 850 projects
= 0 OECD (49%)
8 S 4000 EEEe Non-OECD (51%)
0 "5. 2015 100 projects
- © 18 projects OECD (50%)
S0 2000 - OECD (72%) Non-OECD (50%)
Non-OECD (28%)
0 |

I I 1
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t a “clean coal”

Biomass power
f 4.8%

Biomass synfuel
20.2%
Natural gas
synfuel
Gas 4% Coal
processing power
4.3% 39.6%
Iron and Steel
10%
Pulp and paper ——
0-2% Gas power
Chemicals Cement 8.4%
3.3% 5.3%
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New build projects

40

20

ommercial

2030+
Non-OECD countries take the lead
in commercialising CCS plants

2010 -2025
Majority of early Large-scale projects
located in OECD countries

2035+
Declining need
for Pilot & Demo projects
2010-2030
Collaborative R&D efforts between OECD
and Non—OECD countries to develop and
deploy Pilot & Demo projects

Pilot & Demo (OECD)

Pilot & Demo (non-OECD)

2010 - 2015 2015 -2020 2020 - 2025 2025 - 2030 2030 - 2035




E{'ﬂ“ CONCLUSIONS

Even if ambitious targets for achieving 450ppmCO0O2
are achieved, the world will still be using very
substantial amounts of coal

Coal use will be increasingly in developing countries
where pressures to maintain economic growth and
increase living standards could take precedence.

Decarbonising power and industrial use requires
thousands of projects, will cost around $3.5 trillion
and will encompass, coal and gas fired power, large
industrial use of fossil fuels and after 2030 be very
dependent on actions in non-OECD countries

Waiting around for global treaties is time wasted;
immediate action is required for sustainability

© IEA Clean Coal Centre www.iea-coal.org.uk
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THE END

Thank you for Listening

John.topper@iea-coal.org
+44 20 8780 2111
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