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Membership status of the IEA Clean Coal Centre
at October 2013
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Search the site...

Célgﬁkl The global resource on the clean use of coal
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Addressing the

of generating electricity - o .
from coal | '

Welcome

Welcome to the IEA Clean Coal Centre (CCC). We are the world's foremost provider of information on the clean and efficient use of coal worldwide, particularly clean
coal technologies, in a balanced and objective way, without political or commercial bias. Our products include in-depth topical reports, literature reviews and online
databases. We also provide advice, facilitate R&D networks and organise workshops and conferences. We are funded by member countries and industrial sponsors
s0 our analysis stays impartial.

Register Clean Coal Technologies
Conference 2013

Register your details to receive free
The 6th International Conference on Clean Coal
Technologies will be held on 12-16 May 2013 in

Thessaloniki, Greece.

updates on our work

" 3rd Cofiring Biomass with
Coal Workshop

The 3rd International Workshop on Cofiring Biomass
with Coal will be held on 20-21 June 2013 in
Groningen, Netherlands.

Bookshop

|EA CCC publishes unbiased,
analytical reports in PDF form on all
aspects of coal. Our reports can be
be downloaded at our bookshop.

Latest Reports

Recent developments in particulate control, CCC/218
by Kyle Nicol

Coal Online

Prospects for coal and clean coal technology in the 2

Coal Online is a major database that
Philippines, CCC/217 by John Kessels & Paul Baruya

provides comprehensive information

oncoakitlisaton;echnologies: Energy issues for Mongolia, CCC/215 by Andrew

Minchener

www.iea-coal.org
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IEA WEO 2012
World primary energy demand by scenario

Current Policies Scenario
New Policies Scenario
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Energy demand rises by over one-third in 2010-2035 in the New Policies Scenario,
underpinned by rising living standards in emerging economies
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IEA WEO 2012
Emerging economies steer energy markets

Share of global energy demand
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Global energy demand rises by over one-third in the period to 2035,
underpinned by rising living standards in China, India & the Middle East
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IEA WEO 2012
Incremental world primary energy demand
by fuel, 2001-2011
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Since the start of the 21st century, coal has dominated the global energy demand
picture, alone accounting for 45% of energy demand growth over 2001-2011
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IEA WEO 2012
World primary energy demand by fuel
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Fossil fuels account for 60% of the overall increase in demand
remaining the principal sources of energy worldwide
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Comparative changes in coal, oil
and gas prices (World Bank 2013)
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IEA WEO 2012
A power shift to emerging economies

Change in power generation, 2010-2035
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The need for electricity in emerging economies drives a 70% increase in worldwide
demand, with China & India accounting for over half of the global growth
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Countries with the largest population
without access to electricity in 2010
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Over 95% of those without electricity are in developing Asia or sub-Saharan Africa
& nearly two-thirds are in just ten countries (IEA WEO 2012)
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Coal-fired capacity, GWe
o
(o]

N American coal-fired capacity, GWe (Platt's, 2013)
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N American gas-fired capacity, GWe (Platt's 2013)
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North America coal power

Projections assume
massive conversion to gas
power, driven by low cost
shale gas.

Some expectation that the
USA will not only export
lowish priced coal that
cannot be used at home
but also shale gas that
can undercut other
international supplies.

Current reality appears far
more complicated.
Preferential use of coal or
gas almost cyclic due to
gas struggling to remain
competitive without the
export opportunities.



Coal power in Asia

Asian coal-fired capacity, GWe (Platt's, 2013)
1600 Projection looks to be a significant
1400 underestimate, just based on likely

1200 capacity additions planned for
China and India
PLN
Bl = CON Coal power in China planned to
e OPREAlrRED  grow in absolute terms but fall in
400 relative terms in overall power
200 sector energy mix.

2010 2015 2020 2025 India’s plans less convincing but
Asian operating and new coal-fired capacity, GWe net of the intention is to grow coal use
RET for 50y old plants after 2015 (Platt's, 2013) significantly, including use of

imports.
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1000 | L . In both countries, coal use for non-
power applications is expected to
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- Projections need to better factor
= in increase in coal use in SE Asia
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Coal power in Europe

European coal-fired capacity, GWe (Platt's, 2013)

250 Within EU, low priced imports
of USA coal are fuelling a surge
200 in demand. New coal plants

being built and planned in
150 . Holland, Germany and Poland.
.con 1IN many countries, natural gas
100 =orr USe is squeezed between lower
priced coal and renewables
50 obligations.
" In Eastern Europe and the

2010 2015 2020 2025 Balkans, new coal plants are
European gas-fired capacity, GWe (Platt's 2013) being bu“t With Iarge market
300 prospects.

Coal-fired capacity, GWe

B e Turkey represents a major
market for new coal power
-con plant, both using imported hard
— °r*  coal and indigenous low grade
coal.
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HELE coal-fired power generation

2010

Technology Roadmap High-Effiency, Low-Emissions Coal
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Technology Roadmap

High-Efficiency, Low-Emissions
Coal-Fired Power Generation
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iea Energy Agency

Energy technology roadmaps iea

© OECD/IEA 2012




What are HELE technologies?

A A
4 N N
*Efficiency improvement* Reduce non-GHG emissions Reduce CO, emissions
- > 4 > « >
Turbine e ———
Condenser Generator Reducing emissions of e
CO, storage
- +— 50, NO,, PM —_—
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Flue gas

.
Coal

ESP: Electrostatic precipitator
PM: Particulate matter
FGD: Flue gas desulphurisation

Efficiency improvement reduces specific fuel consumption and
os also reduces specific pollutant emissions.




Age distribution of existing power plants
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Ageing infrastructure is the challenge in many OECD countries.
 eencn EMerging economies have a growing demand for electricity.



Improve efficiency, then deploy CCS

Decrease generation from subcritical Install CCS* on plants over supercritical
—
Increase generatlon from high-efficiency technology (SC or better)
10000
*CCS (Post-combustion, Oxyfuel, Pre-combustion CO, capture)
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2010 2015 2020 2025 2030 2035 2040 2045 2050 * CCS fitted to SC
(or better) units.

Three processes essential to achieve a low-carbon scenario
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Impact of efficiency improvement
on CO, abatement
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Raising efficiency significantly reduces the CO,/kWh emitted.
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CO, emission reduction by key technologies

Latrobe Valley lignite (Australia)

1400 gCO,/kWh

Average worldwide

hard coal EU state-of-

the-art lignite

30.0%
43-44%
1116 gCO,/kWh

EU av hard coal

881 gCO,/kWh

930 gCO,/kWh

State-of-the art
PC/IGCC hard coal

743 gC0O,/kWh

Advanced lignite

740 gCO,/kWh

gCO2/kWh

Advanced R&D
Hard coal

;
669 gCO,/kWh ;
‘ but deep cuts

l only by CCS

>2030

Data for hard coal-fired power plants from VGB 2007; data for lignite plants from C Henderson, IEA Clean Coal Centre; efficiencies are LHV,net

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

| @ IEA Clean Coal Centre www_iea-coal org



Huaneng Yuhuan 4x 1000MWe USC coal
fired power plant
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The challenge of advanced USC

Boiler 700-760°C -
il Steam turbine
tube/piping 700°C/ 30 - 35MPa rotor/shaft

Boiler t Steam turbine Generator

B - Nickel-based super-alloys

- Ferrite/Austenitic alloys

Nickel-based super-alloys will enable plant components to
 eeaceances Withstand temperatures of 700°C and beyond.



Current state of A-USC

technology
National Steam Efficiency Programme Demon_stratlon pl_ant Also includes:
programme temperature (LHV, net) start date operational by (size)
EU 700°C >50% 1998 2021 (500 Mwe)  Coatings, biomass co-firing,
cycling
& 45-47% Oxyfuel, coatings, high
USA 760°C (HHV, net) 2000 2021 (600 MWe) corTFr i el
Japan 700°C >50% 2008 2021 (600 MW) Biomass co-firing
China 700°C 46-50% 2011 2021 (660 MWe) -
India 700°C >50% 2011 2017 (800 MWe) -
Timeline showing duration between programme start date and the
planned date for an operational demonstration plant
- | { \
= | | |
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China
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Moisture reduction important for some coals

Advanced lignite pre-drying in pulverised coal combustion

RWE Power Vattenfall
Vapour to atmosphere Raw lignite Stearn
Vapour electrostatic $ l
precipitator v Dedusting Vapour
_— e apour
Raw lignite mmfens.er Vapaui compressor
1 St—— o2 “
“Soter * =)
iler pro g
Steam Circulation feedwater Eg
blower 2
—— —
Vapour Fluidising Fluidising
condensate fan steam
Dry lignite L 4 PR
after o Vapour Dry hng
Dry lignite milli Dry lignite to heat
cooler exchanger A
Condensatﬁ Condensate

The steam cycle is optimised for maximum efficiency.
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Coal and Biomass



Energy production using combinations
of coal and renewables

« forest residues

0 thinning operations

0 logging

O fire prevention

0 downstream processing

* energy crops

Various ways to combine the use of coal, biomass
and intermittent renewables have been proposed

| @ IEA Clean Coal Centre www_iea-coal org
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Coal/biomass co-gasification

Advantages

Coal

Biomass

Co-gasification

High energy content

May be low cost waste or
residue

Large coal gasifiers - economies of scale
- high efficiency, better economics

Widely available

Lower emissions

Allows biomass access to well-
established processes

Large reserves

High availability in some
countries

Smooths out seasonal biomass
availability

Less prone to price
fluctuations

Usually costs less than
biomass

Well proven in large-
scale processes

Reduces impacts of variations in biomass
properties

Reduces coal plant emissions; possibly
credits for the use of renewable fuel

Some biomass catalyses coal reactions;
synergetic effects observed

Disadvantages

Production-related
impacts

Lower energy content

Storing, feeding, blending arrangements
may be more complex

Conventional pollutant
emissions

Variable properties

CO, emissions

Harvesting, transport and
pre-treatment costs

Seasonal availability

Tar, alkali issues




Co-gasification projects

IGCC power plants

Plant Capacity (MWe) Gasifier Biomass used
Buggenum, 284 Shell Dried sewage sludge, chicken litter,
Netherlands sawdust
ELCOGAS, 335 Krupps- Olive wastes, almond shells, waste wood,
Spain Koppers vineyard wastes, MBM

PRENFLO
Polk plant, USA | 250 GE Bahia grass, eucalyptus

Chemicals production

Berrenrath, Methanol HTW fluidised | MSW, dried sewage sludge, loaded cokes
Germany bed

Schwarze Methanol Combination Demolition wood, sewage sludge,
Pumpe, of BGL, FDV, plastics, MSW

Germany GSP

Sasol, S. Africa | Various Sasol-Lurgi Bark, wood pulp/bark

ZAK + PKE, 300 MWe + MeOH, | na na

Poland

chemicals

@ IEA Clean Coal Centre
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The Willem Alexander IGCC plant,
The Netherlands

Dried sewage sludge

Chicken
litter
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Organisation

Technologies proposed

Combined gasification and renewable

energy concepts

Status

NREL, USA Gasification/ Various studies under way. Concepts include:
co-gasification + . combining wind power and biomass gasification
electrolysis (wind) . combining biomass gasification and electrolysis
. combining coal and biomass co-gasification
Several gasification-based hybrid systems being examined
NETL, USA Coal gasification + Systems to produce SNG, electricity and biodiesel.
electrolysis (wind) 3000 t/d plant proposed.
Unconverted coal from gasifier fed to oxy-combustor
CRL Energy, |Coal/biomass Syngas could be used to produce low-carbon FT chemicals, synfuels
New co-gasification + Oxygen from electrolysis fed to gasifier
Zealand electrolysis (wind)
Hydrogen - enrich product gas, stored, transport fuel, fuel cells
Leighty Coal/bio. co-gasification | Oxygen from electrolysis fed to gasifier
Foundn, USA | + electrolysis (wind)
Univ. Lund, Biomass (wood) gasifier | Oxygen from electrolysis fed to gasifier
Sweden + electrolysis (wind)
Elsam/DONG | Biomass gasification + Various co-generation concepts to produce power, heat, transport
Denmark electrolysis (wind, solar) | fuels examined.
Hydrogen added to syngas. Oxygen for biomass gasification
Lausanne, Wood gasification + Several processes examined for SNG production

Switzerland

electrolysis

China

Various: Gasification +
electrolysis (wind)

Oxygen from electrolysis fed to gasifier.
Hydrogen fed to syngas.
Mainly for SNG, methanol, ethylene glycol production



Summary

Gasification o both coal and biomass gasified individually

o many technology variants available for each

Coal/biomass | ¢ can provide advantages; overcome some problems

co-gasfn. o can be environmentally and economically beneficial

o possibilities for producing a range of different products
(SNG, chemicals, transport fuels)

o a number of routes being pursued

Gasification e examined some of the more promising concepts being

+ renewables developed

combinations | ¢ particular emphasis on co-gasification coupled with wind-
powered electrolysis (H,, O,)

o many projects still at early stage in their development

o some propose to incorporate CCS

NS

Co-gasification + renewables

Some further advanced - some parts well established (co-gas) — other parts
being trialled (commercial demo of H, production from wind, and advanced
electrolysers).

If economics can be made to work, several concepts that combine coal,
biomass and intermittent renewables look promising.

@ IEA Clean Coal Centre www.iea-coal.org



Drax Power in UK - 500MW Co-firing Facility

Drax is a pioneer in biomass direct injection technology
New 500MW co-firing facility is largest in the world
Capacity to co-fire >1.5m tonnes pellets per year

——
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I: ‘] s RECOMMENDATIONS FOR DECISION MAKERS

To effectively mitigate climate change and provide energy sacurity, there is
an urgent need to progress carbon capture and storage (CCS5) demaonstration
projecis arund the world. Successful demonstration will build confidence

THE GLOBAL STATUS OF CCS | 2013 by showing the techmology in action and, through innovation combined with
SUMMARY REPORT

advances in capiure techmology, bring down costs.

It is wital that CCE is included in & porifolio of low—carbon technobogies to
tackle climate change at least cost.

We must theredone:

¢ implernert sustained policy support tha includes lang-tern commitments i dimate
change mifigaion and strong markel-besed mechanisms thal ensure OG5 is not
disschantaged

¢ boost shor-lerm suppod for the mplemertation of demenstration projects. This wil
reqjuire fargeted financial support meessires (bt eroble fird mower projects io progress
faster through developrment planning inlo construction and provide necessany suppar
during aperatians

¥ implemnent measines o deal with the remaining critical regulatory uncedainties, such
as long-temn liabilites. This will imealve learning from the efforis of juisdictions within
Australia, Canada, Eunope and the United States, where significan legal and reguiatory
Exzues have besn, and continue fo be, resohved

-

contirue strang funding support far OG5 research and developrment activifies and

P

encourage colaborative approaches o knowledge sharng acroes the CCE community
b Creaie 3 positive patfneay for CC2 demansiration by advancing plans for orage
siie seleclion
¢ encourage the efficient design and development of transporiation infrasbruciure
through shared hub cpportunities to bacome Trunk lines' for several carbon diodde
caplune prajects.




=AN GCCSI - Report 2013
E-!tﬂ‘ As reported in Power Engineering magazine

Number of global large-scale integrated CCS projects drops in 2013
10/11/2013

The numberof global large-scaleintegrated carbon capture and storage projects (LSIPs) dropped
from 75 to 65 in 2013, accordingto a report from the Global Carbon Capture and Storage Institute.
The institute monitors the number of LSIPs as a method of tracking the progress of CCS
developments and defines LSIPs as “projects considered to be at a sufficiently large scale to be
representative of commercial-scale process streams.” The report states 13 LSIPs have been removed
fromthe institute’s listsince 2012, with five of those being canceled, seven puton hold and one
downscaled. Three LSIPs were added to the list, however, reducing, bringing the total numberto 65.
Accordingto the institute, four projects have commenced operation since 2012, making a total of 12
CCS projectsin operation, and two projects have commenced construction since 2012, makinga
total of eight projects under construction. Of the 65 projectsidentified by the institute, the U.S. has
the most with 20, with Europe second with 15 and Chinathird with 12. The U.S. Environmental
Protection Agency recently proposed anew rule that would limit CO2 emissions from new coal-fired
unitsto 1,100 pounds of CO2 per megawatt-hour, which would requireadvanced emissions controls
such as CCS.

http://www.power-eng.com/articles/2013/10/number-of-global-large-scale-integrated-ccs-projects-
drops-in-2013.html




GCCSI - Summary Report 2013
Contribution of CCS to CO2 emissions reduction

&0
Bl CCS 14% (17%)
58]
B Renewables 21% (23%)
- 40
a Nuclear 8% (8%)
= 20
Bl Fower generation efficiency
20 and fuel switching 3% (1%)
T8 oo B R S SR B nd-use fuel switching 12% (12%)

0 P End-use energy efficiency 42% (39%)
2008 2015 2020 2025 2030 2035 2040 2045 2050

Source: |[EA, 2012.

Note: Percentages represant share of cumulative emissions reductions to 2050. Percentages in brackets represent share of emissions reductions
in the year 2050.
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GCCSI - Summary Report 2013
Costs of CO2 avoided in Power Sector

3]
=
=
£
g
-4
o
-

Note: For all technologies except gas—fired CCS plants, the amount of CO, avoided is relative to the emissions of a supercritical
pulverised coal plant. For gas—fired CCS5, the reference plant is an unabated combined cycle plant.
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GCCSI - Summary Report 2013
LSIPs by Region and Status
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Define Execute Operate Total
[ United States 0 5 8 2 7 20
B Europe 1 7 5 0 2 15
Bl China & 3 3 0] 0 12
B Canads 0 1 1 4 1 7
Australia 0] 3 0] 1 8] 4
B iddle East 0 1 1 1 0 3
Other Asia 1 1 0] 8] 0 2
South America 0 0 0] 0] 1 1
Africa 0 0 0 0] 1 1
Total 8 21 16 8 12 65
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GCCSI - Summary Report 2013
LSIPS Progress since 2010
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Operate I Execute B Possible FID in next 12 months

Matural gas processin | Power Generation Other industries Iron and steel production
gas p g p
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THE END
THANK YOU ALL FOR LISTENING

john.topper@iea-coal.org




