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1.1 Primary energy & CO2 emissions

APEC Clean Fossil Energy Technical and Policy Seminar 2012
February 22-2, 2012 :

Asia/ World Energy Outlook to 2035

— Focusing on Coal —

The Institute of Energy Economics, Japan (IEEJ)

Board Member, Director for Electric Power and Coal Unit
Koji Morita
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Geographical Coverage

— The whole world is geographically divided into 43 regions, Asia into 14 regions.

— (Geopolitically detailed ana

lysis into Asian countries.
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Basic Framework

MACRO Economic Model"

GDP, Crude oil price, Exchange rate, |
' Population, Power generation outlook, |

GDP components

Price/Labor etc. World trade etc.
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World Trading Model of Crude Oil and
Petroleum Products

Energy Demand-Supply Model |-

(LP Optimization )

Energ}- Demand End-use Energy Technology Model

(Automobile, Electric Appliances etc.)

Conversion Sector

i These models allow us ro fully understand the
| interaction among numerous parameters in a
| logical and consistent way.

Energy Supply

S

CO, emissions




Major Assumption: GDP

Average Annual Growth Rate (%) 2003-2035
China 5.7T%
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w\World economy will continue to grow steadily at 3.1% per annum through 2035. Repercussions from the recent financial
crisis were globally felt to slow the economic growth, but with the economic stimulus measures by numerous countries will
lead to early recovery.

w(50P in China will continue to achieve an annual growth rate of 5.7% per year shifting from the investment- and export-
driven growth to the domestic demand-driven one.

w50P in India will register a high growth rate at 6.7% per year, reflecting increases in improved labor quality, and
liberalization and direct investment from foreign countries.

sASEAN countries will achieve steady economic growth supported by industnalization and export increases.
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Major Assumption: Population

China

2009

1.33 bil

1
2035

1.38 bil
(0.05 bil growth)
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m Of the incremental increase in world population over the period 2008-2035, developing countries account for

roughly 90%.

m Population in China and India together will reach about 3 billion and its share will increase to 35% by 2035.
m Chinese population will peak in 2030 as a result of declining birth rate. India’s population will represent the
biggest in the world by 2035.




Major Assumption: Energy Prices
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*) 2010 real price (**) All the prices are calendar year data; In the graph, energy prices are explained
Japan's import energy price (on a CIF basis).

m After a decline in crude oil price from the recorded high level in 2008, crude oil price will continue to
increase in the future resulting from the tight balance between demand and supply. Oil demand is
projected to increase driven mainly by Asia, while upstream investment may not progress at a pace
meeting the demand growth.

m LNG price is projected to increase in accordance with crude oil price.

m Coal price will show relatively moderate growth compared with the crude oil and LNG.



6. MI2J1A9 2

2010 Projections
30 I

=iz

20 A48

01=3/30LtCt 35.4 19
10 21%

75 == 36.1 19
5 184
™

5 i Sd 17.7 9
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 3'(-]
Source: U.S. Energy Information Administration, AEQ2012 & Al 187.4 100

Early Releas=s Overview, January 23, 2012.

* MAIHOLE0E SOt AIEE = UE Y

<HMA ML iZe»

CHIY7IA AlE=UH 9 Al oAk

Ch. 1 Motivation Power Gen. from Solid Fuel



6. MiZ2JIAS 2

5.World gas prices
20 S/mmibdu

_ Shale Gas S&0j| I}E &AL 71 H WS

W02 HHTLA 71AH 0|
2$/MMBtu o2 2 2 2H('12. 4)

12

© NQPEHQI K7t FhA Al 2|
. cef o

140 2000-2025, Mipa

£, MATIA £2IT0M] =2 @ p—— -
100 100

N 2020 7x| |7H 4~5HOEES]  * w0
 MAETIA &RV E MY * %
W2 HY7tA 2L N °

11$/MMBtu JEE':!' . EIA projection 2012 (early releasa) ,

- SSof Ci3 o[ TAOf ACiHoE H “actus

e, 2L Y X| security2H| £ZF 7ts % 2000 2005 2010 2015 2020 o

Bources. EB EFIC
“Cir varied Troen Tefl 1T ol =200

X Us 22 (AR HE), FIOUXICIAEH), H4R8EHPve), XSAL A 22 27U M1

Ch. 1 Motivation Power Gen. from Solid Fuel



Crude oil prices 1861-2011
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Primary Energy Demand by Region ; World
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m By 2035, primary energy demand of Asia achieves twice as much as current level, reflecting high

economic growth; 3.6 billion toe(2007) — 7.1 billion toe(2035).

m Non-OECD will represent 90% of incremental growth of global energy demand toward 2035.




Incremental Increase in Primary Energy Demand by Region, 2007-2035
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m Reflecting steady economic growth, energy demand in Non-OktCL will exceed that of

QECD.

m Energy demand in Asia will exhibit a rapid growth, with the share of Asia in the world energy

demand expanding to 44% by 2035 from 35% in 2009.

61% of global energy demand increase to 2035 is due to Asia. In particular, approximately 40% of both
China and India dominates the world increase. OECD is responsible for 12%, and Non-OECD, 88%.



Primary Energy Demand by Fuel ; World

Mtoe
7,000
AAGR Share: 2007—2035
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m Oil will remain the largest energy source in primary energy mix by 2035. Around 2035, natural
gas demand will grow with its future extensive use in various sectors, eventually catchlng up with
coal around 2035.

m Fossil fuel continues to be the most important fuel by 2035, though its share will slightly decrease
from 89% in 2007 to 86% in 2035.



Primary Energy Demand by Fuel ; Asia

Mtoe
3,500
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m Coal and Oil will continue to maintain its centrality over Asian energy demand until 2035.

m The share of natural gas will grow substantially to 16% by 2035, driven mainly by power
generation. Fossil fuel dominates 88% of total energy supply and plays a key role by 2035.



Increase in Primary Energy Demand by Fuel ; World
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m 79% of global energy growth by 2035 will be concentrated on fossil fuels

m Fossil fuel demand growth to 2035 in Non-OECD will be responsible for about 90% of
global fossil demand increasing.



Coal Demand by Region ; World
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m 90% of global coal demand increase is derived from Asia, and the share of Asia in total coal
demand eventually expands to 67%. Non-OECD is responsible for 96% of the increase in world

coal demand.

m 35% of the increase in global CO2 emissions from 2007 to 2035 is from coal combustion in
Asian region; In order to address global warming problem, environmentally compatible coal use is

quite important agenda in Asia.




Coal Demand by Region ; Asia

Mtoe
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Coal will be consumed in the power sector in order to meet growing
electricity requirements, particularly in China and India, both of which have
abundant availability of domestic reserves




Increase in World Fossil Fuel Demand by Sector

[Increase by sector,2007-2035)
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Majority of oil will be used for transportation,
while gas and coal will be consumed mainly for power generation.



Electricity Demand ; Asia

l Asia

2007-2035 Electricity | Total Final 2007
AAGR (%) demand [|Energy Demand 6,700Twh
China 2.7 l
India 3.9 2035
Korea 1.5 16,5001wn
Indonesia 3.3 (2.5-fold inc.)
Malaysia 2.5
Thailand 3.4 China/ India
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OECD 0.4 2035
Non-OECD 2.6 7,700Twh  3,500Twh
World : € (2.3-fold inc.) (4.4-fold inc.)

m Electricity demand in Asia will increase rapidly by sophistication of energy utilization
driven by the improvement of life style.



Power Generation Mix by Fuel ; World
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mCoal-fired power generation still remains dominant power supply option by 2035. Natural gas-fired power
generation is projected to increase significantly worldwide at the highest rate among fossil fuels.Renewables
excluding hydro will expand its share in power generation mix to 6.5% by 2035 from 2.5% in 2007.

mThe CO2 emissions from coal-fired power generation currently dominates about 30% of global CO2 emissions.
CO2 emissions from coal-fired generation will increase from 8.2 Gt-CO2 in 2007 to 12.6 Gt-CO2 in 2035.
coal technology (CCT) is expected to play an important role in addressing GHG issues.



Power Generation Mix by Fuel ; Asia
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m [ he share of coal use in Asia will remain larger than 50%, reflecting abundant resources and the economic
advantages. Gas will show a growing trend, the share of which eventually expands to 17% by 2035.The share of
nuclear power generation will increase from 8% to 10%; Nuclear plays a important roll in power generation mix.
mhe CO2 emissions from coal-fired power generation currently dominates about 30% of global CO2 emissions.
CO2 emissions from coal-fired generation in Asia will expand by 3.8 Gt-CO2 from 4.1 Gt-CO2 in 2007 to 7.9 Gt-
CO2 in 2035, this growth being about 30% of global CO2 emissions increase. Clean coal technology (CCT)
expected to play an important role in addressing GHG issues.



Power Generation Mix by Fuel ; World and Asia
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Coal-fired power plant is indispensable power supply option in both world and
Asia with its economic advantages and the stable availability of its input fuel.




CO, Emission by Region ; World
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Increase in Asia will account for 66%, with N.America and Europe together responsible
for only 4%.



CO, Emissions (World)

12,000 Mt-CO,
Share of CO, Share of CO,
(2007) E&H | A
10,000 China
8,000 |
i India China
21% - oy 24%
Share of Cumulative USA
6.000 | Emissions from 1900~2035
Western
Europe
4,000 r
India
2,000 Japan
= + [

1900 1915 1930 1945 1960 1975 1990 2007 2020 2035

Cumulative CO, emissions from 1990 of India will outstrip that of Japan by 2030



Technologically Advanced Scenario
(Tech. Adv. Scenario)
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Assumptions on Technologically Advanced Scenario

Countries all over the world more strengthen the numerous measures contributing to ensuring energy security and
mitigating global warming issues. Combined with that, technological development and international transfer of technology
will be promoted and advanced technology internationally becomes commercially available as a result.

( Reqgulation, National target, SSL etc. Promotion of R&D. International Cooperation \
Carbon tax, Emissions Trading, RPS, Subsidization. Encouragement of Investment for R&D,
FIT, Efficiency Standard, Automobile Fuel Efficiency International Cooperation on Energy
Standard, Low Carbon Fuel Standard, Energy Efficient Technology, Support on
9 Efficiency Labeling, National Target etc. Establishment of Efficiency Standard )
[Demand Side Technology] [Supply Side Technology]
M Industry B Renewable
Best available technology on industrial process More expansion of Wind, PV, CSP,
such as steel making, cement, paper, oll Biomass power generation, Bio-fuel
refinery etc. become internationally penetrated B Nuclear

M Transport

Clean energy vehicles (high fuel efficient
vehicle, Hybrid vehicle, Plug-in hybrid vehicle,
Electric vehicle, Fuel cell vehicle) globally

Acceleration of more nuclear power plant,
Enhancement of operating ratio
M High Efficient Fossil-fired Power Plant

expand. More expansion of Coal-fired power plant
M Building (USC, IGCC, IGFC), Natural gas MACC
Efficient electric appliance (Refrigerator, TV B CCS

etc.), High efficient water-heating system (heat- Introduction in power generation (coal-
pump etc.), Efficient air conditioning system, fired, gas-fired) and industrial sector

Efficient lighting, Strengthening heating
insulation




Assumptions on Tech. Adv. Scenario (World, 2035)
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= In the low nuclear scenario, CO, emission in 2035 will increase by 2Gt or 7% when nuclear is 12
replaced by fossil fuel-fired power generation. —%
= If nuclear power is completely shut-down by 2035, CO, emissions will increase by 4Gt or 14% !
in 2035. 2035
TYILID I%WFwrnd r.fl RALAWILIWTT T LA TR IRAl 1A “\.ﬂ\.ﬂ.’ Bl WA D I % WA ] UIMIIJ ¥ iILAR .
m Industry sector, building sector and transport sector respectively Reference Tech. Adv.
achieves 300Mtoe(9% saving), 500 Mtoe (14% saving) and 400 Mtoe 15% 21%
(14% saving) of energy saving in 2035 compared with reference
scenario.

= Average efficiency of fossil fuel-fired power generation reach 47% at
2035 in Tech. Adv. Scenario while that in reference scenario shows 42%



Clean Coal Technology (CCT):
Power Generation Efficiencz of Coal-fired Power Plant

Stock-based Efficiency of
Coal-fired Power Plant

Power Generation Efficiency of Coal-fired Power Plant *(Reference)

45 Power Generation Efficiency, % (World)
* On Stock Basis 2007
41 ’42 34 %
40 39 /.f 41 20135
3 —a 40 Reference Tech.Adv.
36 \ 41%  45%
35 | —_— (7points up) (11points up)
5 [Breakdown of coal-fired Advanced Coal-fired Plant
World " 32 power plant in 2035(World)] Power Generation Efficiency (%)
30 | /\ Reference: 70
- SC:70% 65 -
0 Non-OECD - USC/IGCC: 30% 60 I I
23 Tech. Adv : 55 |
- SC:10% 50 |
25 ' - A-USC/IGCC/IGFC: 90% as | . I
1990 2007 2020 2030 2035 40 == | | |

39

Conventional USCI IGCC IGFC
Coal

In Tech. Adv. Scenario, additional 1.0 Gt-CO2 will be reduced due to the enhancement of
power generation efficiency compared with Reference Scenario.



Clean Coal Technology (CCT):
CO, Capture & Storage (CCS)

4 GtCO,

ir nCCS will be introduced after 2020 in
3t E coal-fired, gas-fired power generation
I and the industry sector

2.6

m Industry

Industry sectorf 9.3

| | min the industry sector, 10% of its
| total emissions will be captured and
2 I | stored by 2035.

B e e e o e )

Power sector

Power
Generation

o, T |

2020 2025 2030 2035

2020 2025 2030 2035

m Cumulative captured and stored CO2 from 2020 to 2035 amounts to 14 Gt-
CO2.Theoretical potential of CCS in geological structure is estimated to 10 trillion ton,
and that of depleted gas field, oil field and coal field, 1 trillion ton, which is sufficient
to accommodate the captured CO2 in Tech. Adv. Scenario.



CO, Emissions per kWh

259  9-CO2/kWh World 250 9-CO2/kWh Asia
694 Growth of 710
700 Nuclear, 700 Reference
Gas-fired 643
650 648 ] 650 |
605
600 569563 Reference 600 | 579 572
550 | 550 F
497
500 - |Tech.Adv. 476 469 500 | Tech. Adv.
450 r Japan(2007)* 450 | 409
400 -
Japan(1998)** 336 400
350 e e BB T
300 | | | | | | | | | 300 | | L l [
- O O M~ 10 O 1V O W - O O ~ D O 1 O W
~ 0 @ O — o NN M o M~ 00 O O — NN ™N MO M
222 RKK KK 222 Q8K KRR

*4209-CO2/kWh **350g-CO2/kWh

mln Tech. Adv. Scenario, CO2 emissions per kWh represents dramatic reduction due
to the further expansion of nuclear, renewable and improvement of efficiency of
fossil-fired power generation.



Primary Energy Demand (World)

Mtne
18,000 MmEE —— 17,337 '
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e QECD 14125 {1059 OT tolal saving ) -
» 15,000 H . — ' (A14 /0)
A1920 Mioe OECD
- 14,300 14,649 A768
Mtoe ||
12,000 | 13,284 (29% of total saving) || OECD
' Non-OECD A700 Mtoe
Tech. Ady. A1.920 Mtoe (30% of total saving)
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i—/ A 1300mtoe
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= [n 2035, world total primary energy demand in Tech. Adv. Scenario decreases by 2300
Mtoe in comparison with Reference Scenario. 2300 Mtoe is approximately 4 times as

much as TPES of Japan.

m TPES saving of Non-OECD in 2035 is almost double as large as that of OECD. The

saving potential in Asia is particularly immense amount.




Primary Energy Demand by Source ¢ 4 jine: Reference 1EE

: InPAN
(World) Dotted line: Tech. Adv.
|
- Reference IEE
Coal Demand by Region (World) Tech. Ady. "™
31%)]
5000 o ,
gy e A1.7 billion toe | 3as
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4000 H
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a Oil in both of the Tech. Adv. and Reference Scenarios will maintain the biggest share in primary energy mix
by 2035. In the Tech. Adv. Scenario, oil demand will peak in 2030.

s Fossil fuels will continue to account for the largest share by 2035, though its share will slightly decrease
from 88% in 2009 to 85% in the Reference Scenario in2035 or to 77% in the Tech. Adv. Scenario.

n Coal will have the largest potential for saving in the Tech. Adv. Scenario.



Primary Energy Demand (Asia)
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Primary Energy Demand by Source Solid line: Reference 1EE

i i JIAPAN
(Asia) Dotted line: Tech. Adv.
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m Coal and oil will continue to maintain the dominant share in Asian energy demand through 2035. The
share of natural gas will increase substantially reaching 17% by 2035, driven mainly by power generation.

m Coal share in the Tech. Adv. Scenario will significantly decrease. It means the larger potentiality of saving

can be realized by introduction of CCT in Asia.



Change of Energy Demand (2035)

[World) [Asia)
Coal Qil Gas Nuclear Renewables Coal Qil Gas MNuclear Renewables
400
i 269 249
300 ’—| 200 129 116
0 ]
-200 123%] | [19% | (2] | [2m]
200 - 471
-700 692 568 400 - =
[-13%] 600 -
-1200 | ™~
" Rate of change from Reference 800 - Rate of Change from Reference
1700 - -1563 71000
1000 | 1063
Mtoe -354% Mtoe
-2200 -1400
Fossil fuel decreases by 20% Fossil fuel decreases by 25%
(equal to 2800 Mtoe) (equal to 1600 Mtoe)

- Coal demand shows most notable reduction due to further penetration of
clean coal technology (CCT), suggesting that CCT is expected to play a
crucial role in Asia heavily relying on coal consumption.

-Clean energy vehicle is expected to contribute to mitigate oil demand and
ensure international oil market.



CO, Emissions in Tech. Adv. Scenario (World)

35

25

15

World total mitigation
A12.3Gt (A30%)

Ad.2 Gt

(34%of world mitigation)

A8.1 Gt

(66% of world mitigation)

Asia
A6.8Gt

(55% of world mitigation)

World CO2 emissions
in Tech .Adv. Scenario

Gt-CO,
CO, mitigation in 2035
: : : Reference 39
OECD| | Non- Asia
i OECD 34 OECD

A4 Non-OECD
\

31
31 29

Tech. Adv.
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1980 1990 2000 2007 2020 2030 2035

will peak out in 2026

= CO, mitigation of Non-OECD in 2035 is almost double as large as that of OECD.
The saving potential in Asia shows particularly massive amount.
m Technology transfer and swift deployment of advanced technology in Asia is
indispensable in order to address global warming problem.



CO, Emissions in Tech. Adv. Scenario (Asia)
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will peak out in 2030.
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(59%of Asian mitigation)
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Other Asia
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(20% of Asian mitigation)

2030 2035

CO, mitigation potential in China and India is quite large. CO, reduction in China
dominates about 60% of Asian mitigation potential.




CO, Emissions Reduction by Technology Reference

World Tech. Adv.
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m |n the Tech. Adv. Scenario, between 2005 and 2020 the world CO, emissions will increase by 3.5 Gt-CO,
(or 13% up from the 2005 level), while the CO, emissions will reach its peak in 2024 with the introduction of
advanced energy and environmental technologies.

m Various technological options, including energy saving, enhancement of power generation efficiency,
renewables, nuclear, and CCS altogether contribute to massive CO, emissions reduction.



CO, Emissions Reduction by Technology Reference
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m Aggressive development and deployment of advanced technologies in Asia enables to
considerably reduce CO, emissions and realize its peak-out by 2030.



Nuclear Policies after Fukushima Accident

v
fnll 2011 1o 2035 EI
1t|n .
,5@. China
m;;'m.T" )

0 --:: L] £ '1
Middle Ehst ® .-~ <. .
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1) Nuclear Fmrr‘nhng Cuunhes {LIS Fm‘l ce, 2tc.) : Continue to m.'al-l:e 1Z|'IE I:rest use uf nuclear power.

21 Emerging Countries (China and India) : No change of massive construction plans
3 Newcomer Countries (ASEAN and Middle East) - Resvaluate the construction plans in some countries

) Phasing-out Countries (Gemany, etc. ) - Stop nuclear power after some decades of operation.

Ch. 1 Motivation Power Gen. from Solid Fuel



Effects on Fossil Fuel Consumption

(Low Nuclear and Nuclear Abolition Scenarios)

Mtaa
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335

400
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100 | Qil
21
0

2020 2035 (Low Nuclear) 2033 {(Nuclear Abolition)

S|

m In the low nuclear scenano, world coal and natural gas consumption will increase by 500 M
tons (355 Mtoe) and 140 bcm (143 Mtoe). The natural gas demand increase Is equivalent to
about half of the world's LNG trade in 2010.
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summary.......

6

By 2035, primary energy demand of Asia will double from the
current level, reflecting high economic growth; 3.9 billion toe(2009)
—» 7.6 billion toe(2035).

Fossil fuel consumption will continue to increase in coming
decades.

—=2 (Cleaner use of fossil fuels as well as Pmﬂmtinn of EE&C
(Energy Efficiency & Conservation) will be the key.

Coal demand will increase 111.’.-1i1'|l}r due to i_-ncreasing demand for
power generation.

- Coal demand in Asia is forecast to keep increase while losing its
share in the energy mix of 2035.

- Coal has a largest pntentiﬂlity among fossil fuels to be conserved
in the Tec

In the low nuclear scenario, world coal and natural gas consumption
will increase by 500 M tons (355 Mtoe) and 140 bem (143 Mtoe),
though CO, emission in 2035 will increase by 2Gt or 7%.

Ch. 1 Motivation Power Gen. from Solid Fuel
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... and Conclusion

1. Smart use ﬂfﬁ]SSﬂﬁAEL shall be the key for the security of energy

supply and sustainable development;

- Cleaner and efficient use of fossil fuel, especially coal, lead to curbing
consumption, reducing pollution/GHG emissions, and enhancing

security of energy supply.

2. Best advanced technologies for coal (CCI) should be adopted for

the sustainable development in Asia;
- Conversion of old coal-fired PP to high efficient power plants

- Development, promotion of USC, IGCC and IGFC
- Introduction of CCS in the long-way

Ch. 1 Motivation Power Gen. from Solid Fuel



Changes in the Coal-fired Thermal Power Plant
Efficiency by Country

¢ Japan’s coal-fired power generation has achieved world’s highest thermal efficiency
(41.6%).

+ Many low-efficiency coal-fired thermal power plants exist in the world.

Thermal E fficiency (Gross, LHV)

i
Japan
. ___-———--“"________ /Girm any
LT E— /“\‘/
37 /““‘/‘\ s
-- f;ﬂit_ S S .-—I:j"' -
35 [ ¥ - _r—r e St Australia
e > * * +* - +- - A
& -
33 - ﬂ ina
31 o o ’:./:_ - . f;'%q
_.—/:jﬂr___—__ — e = India
-—
29
27 —Japan & Germany & US —*— AustraliZ® China —Z India
29

1990 1991199219931994 199519961997 1998 199920002001 20022003 2004 20050 ear)

Source: ECOFYS, “INTERNATIONAL COMPARISON OF FOSSIL POWER
GENERATION EFFICIENCY™ (2008)

2006 results:

41.6% in Japan, 40.0 %% in Germany, 36.7% in the United States, 35.9% in Australia,
32.1% in China, and 31.8% in India




Simulation on the effects of transferring Japanese
Thermal Power Plant Efficiency to other countries

High efficient use of coal contributes to reduce the CO2 emission and curb the decline

of world’s coal resources.

CO2 Emission of Coal-fired Thermal Power Plants (2004)

Mt-CO,

2,500

2,000

(A387)

Cutting—edge
Application
Case

Cutting—edge Exsisting
Application

Case

Exsisting

\
‘\.\ (ATTE)

A 387 (mil. tons)
+ ATT6 (mil tons)
+ A184 (mil. tons)
A1.3 bil. tons

Cutting—edge
Application
Case

China

Exsisting

. A184)

Cutting—edge
Application
Case

Exsisting

By applying the best
practice of coal-fired
power plants in Japan
(highest efficiency among
commercially operated
plants) to that of the US,
China and India, it is
estimated to be reduced
1.3 billon tons of CO;which
Is equivalent to Japan's
total CO» emission.

Note: In the case of applying the best practice (highest efficiency level of commercial power plants) of Japan to

the existing plants of each country.

Source: The Institute of Energy Economics, Japan (IEE JAPAN), Achievement data: World Energy Outlook 2006

(IEA)




Assignment : CO2 Emission Calculations

54

] . ] Value Design Coal
- Solid Fuel Specification CV(keal/kg) oo
Proximate analysis
- Boiler Efficiency : In-direct method Vs —
ASH 135
(ASME PTC 4.1) F.C 468
Element analys
: 1A . C 0.8195
- Turbine Efficiency : 45% v Coess
(o) 0.1033
- LO|(UBC) : 5% N 0.0166
S 0.0095
ASH 0.1350
http://www.exoeng.com/boilereffcalc.htm
Tz JEES 0|EolH SHE &= H&GHL CO2 HIE = H &t

USC, IGCC,IGFC ZEE(48%) B CO2 HIE 2 HAHGH0 S22 H



http://www.exoeng.com/boilereffcalc.htm�

2.1 CO, calculation (in Plant)

55

Proximate analysis [As-received basis, wt%]

Sample
code Moisture Volatile Ash Fixed
matter carbon
ICR 28.23 33.47 5.14 33.16
HCK-F-1/M/0.08-250 1.21 44.49 12.15 42.15
HCK-F-1/3/0.08-250 3.10 45.26 9.67 41.97
HCK-F-1/J/0.28-250 1.61 45.73 8.57 44.09
Sample Ultimate analysis [dry basis, wt%]
code C H N 0 S Ash
ICR 63.35 | 552 1.03 | 2451 0.45 5.14
HCK-F-1/M/0.08-250 | 65.63 | 4.80 1.02 | 15.92 0.48 12.15
HCK-F-1/J/0.08-250 | 64.45 | 496 | 099 | 19.59 0.34 9.67
HCK-F-1/J/0.28-250 66.39 5.00 0.94 | 18.67 0.43 8.57

1.Coal 2322 A Al

2.8 EX9C (%)E Sl
Coal 2t2] Carbon& H At

3.Plant &8 11

(222 S2*HY! (45%)]
4. Plant UBC 12&4 (5%)
5.CO, & A4t



2.1 CO, calculation (in Plant)

 Boiler € A4t Z 2 & (In-direct method)
http://www.exoeng.com/boilereffcalc.htm

E':_’:_'_'_'_'_'__' | Performance at Tested Air Heater Leakage | | Performance at Design [or other) Air Heater Leakage
Location___.
Dete. Furnace Data & Tested AH Leakage: Furnace Data & Design [or other) AH Leakage:
Hezt Input Heat Input
Fuel Data: Units | |Steem Flow Steam Flow pph |
Fuel Plow Fuel Flow pph |
Carbon C % Total &ir Flow Total Mar Flow pph |
Hydrogen [y 364 3.64 ooof s Furnace Excess fir Furnace Excess Sir %
Subfur H 0.2g| 0.28 s Wet Gas Flow Lesving Furnsce Wet Gas Flow Lesving Furnsce: pph
Onrygen 0, 12 74 12.74 000 % | Air Heater Exit Gas Data @ Tested AH Leakage: |Air Heater Exit Gas Data @ Design [or other) AH Leakage:
Wiogen M 065  0.66 000 % Bxcess O, % by Vol 4.26) % Brcesz O, [36 by Vi) 250 %
Moisture  |Hy0 2657 26.57 ooo[ s Excess 0, Meesurement Besis: 1=Wet, 0=Dry 1 Excess 0, Meesurement Besis: 1=Wet, 0=Dry 1
fch S.08| 5.06 000 % AH Gas Exit Temp Corrected [Measured) 321 cF H Gas Exit Temp Corrected [Measured) 233 eF
Other 0.00) 0.00 000f s AH Ga= Exit Temp Uncorected [ie, No Leskage} 343 eF |3H Ges Exit Temp Uncorrected [ie, No Leskege) 343 =
Total: 100.00| 100,00 0,00 % To comect the efficiency for “Uncomrected AH Gas To comect the efficiency for “Uncomrected AH Gas
HHV BBET B, BET 0| Btuib (Out Temp™ enter “1° st right.  not, lesve blank. Out Temp™ enter “17 st right. If not, lesve bisnk.
Maizture in Sir Sir Hester Leskage [pph) ir Hester Leskage [pph)
| Additional Moisture 8ir Heater Laskege (%) {Mass Method) Sir Hester Leskege (3] (Mazs Method)
sir, Gas & Fuel Temperatures: [ Sir Hester Leskege (%) 0, Method) 5% [Sir Hester Leskege (%) O, Method)
Cobculstion Reference Temp s o ﬁ 3287538] poh j
FD Fan Indet 8ir Temp 60| “F Vi 1271016 scfm Wi
Fuel Tempersture [Default =T_} 60  =F Flue Ges Constiuents: 3 by Valume)| Fluse Ges Constituents: 3 by Valume}|
Boller Effidency Losses, Manual Input: Oorygen [0,) 428 & Duygen (0, %
Redistion and convection [Default= 17) 017 % Carboc Diowide L0, } % Cerboc Dicaide (0O, | %
Unaccounted for losses [Defauh = 0.50) 050 % Sulfur Dicaide [30,} % Suifur Dioxide (50, ) E
Ach Data: Moisture [H, 0} % Moizture [H, 0} %
Ash Location AshSpht | LOI Nitrogen [N} % Nitrogen [N, } %
%) %) Totsl % Total %
Bottom Ash 20| 0,26
Economizer Bch 5 0.26| |Boller Effidency Heat Losses @ Tested AH Leakage: Boiler Effidency Heat Losses @ Design (or other) AH Leakage:
ir Hester Sch 0| 000 517 % Las| £
Precipitstor fAsh 75 0.26 771 % Los] %
Baghouse Ach 0 0.00 oia| = Les| %
Dust Collector Ach 1] 0.00 ooz ¥ Los| .
Total fch [Mhusst] 100| 017 % L= %
Economizer Exit Gas Data: Ma 050 e Ma| %
E-i | H‘i Tot 172 e ot %
(] Beod *® Biod *
Fued Flow Determination Data:
For total fuel flow determination enter st least one of the: NOTES:
following groups: are for input data, to be completed by user.
G I 392 Z?l pph
OR Design [or other) data set does not need to be completed. It is just available for comparison.
el on I |M Fuel flow and heat input are not used to calculate boiler efficiency, but are necesszary for calculation of airand gas flows.
Group C: For nan-rehest units, enter ol of the followd Fuel Flow determination will attempt to access Group Adata first, Group B data second, and Group Cdata last.
Stesm Flow pph |
?NMEMhZI':"MIW E::::— Heat Input determinaticn will attempt to access Group B data first, Group Adata second, and Group Cdata last.




2.1 CO, calculation (in Plant)

_ HCK-F-1/M/0.08 | HCK-F-1/3/0.0 | HCK-F-1/J/0.28
Designed coal ICR
-250 8-250 -250
Coal suppl
PP 193 296 199 197 197
[ton/h]
Carbon supply
121.8 131.9 128.8 122.6 128.5
[ton/h]
ACV of coal
6080 4170 5908 5959 5962
[keal/kg]
Plant efficiency
40 38 40 40 40
[%6]
Required net ACV
4,70 x 108 4,70 x 108 4,70 x 108 4,70 x 108 4,70 x 108
[kcal/h]
Required gross ACV
1.17 x 10° 1.23 x 10° 1.18 x 10° 1.17 x 10° 1.17 x 10°
[kcal/h]
Flow rate of flue gas
440.0 666.7 468.9 450.9 466.0
[kg/s]
CO, content of flue gas
27.3 20.0 26.7 26.5 26.9
[wt%%o]
CO, flow rate
10382.2 11525.8 10816.5 10312.1 10816.3

[ton/day]

57



1.2 Greenhouse effect & impacts on the climate

Table 1.1 Present concentrations of greenhouse gases and their contribution to the natural and
anthropogenic greenhouse effect (data from [PCC (2007h) and Besing (2006))

Chloro-
Carbon Methane  fluorocarbons Nitrous Ozone Water

Greenhouse gas dioxide C0» CHs CFCs oxide N2O s vAPOUr
Concentration: 280 ppm 0.7 ppm 0 270 ppb -2.65%

pre-industnal time

(about 1800)
Today (2005) 370 ppm |.8ppm 0.5 pph 30pph  25pph  26%
Increase rate (2003) +19ppm/a +2ppb/a 0.8 pphia
Emissions {2003) 26 Gifa 4 Mva 0D4Mua 15 Mtfa 035Gt
Contnbution to natural  26% 205 —~ 45 BCo 605

greenhouse effect =

temperature rise
Contnbution to 61% 15% 11% 45 0 —

anthropogenic

greenhouse effect

1 Oine tonne of carbon corresponds to 3.67 tonnes of carbon dioxide.

Ch. 1 Motivation Power Gen. from Solid Fuel



Radiative forcing of climate between 1750 and 2005
Radiative Forcing Terms

co,| HH
NO
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Solar irradiance

H
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-2 -1 o 1 2
Radiative forcing (watts per square metra)

Fig. 1.8 Change in radiative forcing in the peniod 1750-2005 (IPCC 2007b)
Ch. 1 Motivation Power Gen. from Solid Fuel
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atmosphere

Goal: A longterm moderate stable

utlook of global CO2 emissions

Global CO,-Emissions [Gt]
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~40% caused
by power
generation

Business-as-usual

Required
~ reduction

Desirable
_....reduction

Ppm

IPCC* Scenarios

* Intergovernmental Panel on
Climate Change 2000 2010

CRF, APG, Rugeley 20/06/07 — 23/11/2007 - P &

Ch. 1 Motivation

2020

2030 2040 205

CO, concentration in the

°C 1000
Ppm

550
4 - ppm

Global Temperature Rise

450
3- ppm

2.

I——
——
2100 range Further rises to 2300

1 -

0 1990

Source: WBCSD 2005
0
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Fip. 1.9 Scenanos of the global CO: emissions (a), CO: concentraton (b}, temperature nse (c)
and sea level (d} (IPCC 2001b)
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1.3 Strategies of CO2 Reduction

Reduction of CO, concentration

Diojective in the almosphens
I I
Raduction of fassil fusl Reduction of
ulilisation O, erission
I
Strategy | Saving Emﬂlhim —l CQ, caplure
I |
o i Fossil fual
- by CO,frea
% JBNengy Source
I
e mont| | Rafional | |Extanded use| |Extendad usa| |~ 0cC Y58 | | 00, capture
of anergy uliligation of natural of ugkear Niabl *
BEVICES of energy [as ANEfgy Srergies slorage

Fig. 1.10 Strategics to reduce the OOk emissions to the atmosphere from the encrgy sector
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CO, Emissions Reduction by Technology Reference

!ASial Tech. Adv.

Gt-CO, ]_|
22 r —
20 Energy Saving

20 54%

18 - . Energy Saving (54%)

Reference Biofuel (1%) L 359, )
16 - /- \Wind, Solar, etc. (10%) T,
| M Nuclear (13%) CCS

Fuel Sw *m:hmg

14 —{IFuel Switching (10%) | 12% |
. 11 ~1CCS (12%) v
Tech. Adv. 12 ot
10
_le 1l
o Energy Saving | 4] 54%
Asian CO, emissions in .‘7.76'2 E'J;:;eiljv eto ? 1(};:
6 Tfech.Adv. S_cenario Nur:léar P 1 13'-53-'5':.
will peak out in 2029. (A39%) Fuel switching 1| 10%
4 Lo e ccs 1 12%
1990 2000 2008 2020 2035

m Aggressive development and deployment of advanced technologies in Asia enables to
considerably reduce CO, emissions and realize its peak-out by 2030.



UK Government policy on CCS

Matthew Billson

Co-Programme Director, Energy2050
University of Sheffield
m.billson@sheffield.ac.uk

0114 215 7202

[July 2010 — Dec 2014]

Head of Strategy & International

Office of CCS

Department of Energy & Climate Change (DECC)

4 oivensy (C el (@ UKCCSRC
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Challenges

e Current reliance on coal+gas power stations (c65% of electricity)
e 80% CO2 reduction target by 2050

 c20% of power stations closing in next 10 years

e Cost of investment:
e Wholesale electricity: £30 - £40 MW/hr
 Nuclear: £92 MW/hr
e Offshore wind: £150 MW/hr
e [CCS: £160 MW/hr predicted — no comment from DECC]
e Marine: £305 MW/hr

e Cost of inaction: Without CCS, low carbon energy system will cost
extra £30billion in 2050

%ﬁ?versity @ eﬂefgy @ U KCCS RC

‘Jﬂmmﬂ f Of
Sheffield. 2050 PACT FACILITIES




CCS
Commercialisation
Programme

2012 CCS Roadmap

e CCS Commercialisation
P rog ramme International

_ £100m FEED Collaboration

— ¢c£900m construction + £Xm pa

Electricity Market Reform

R&D
— £125m 2011-2015

Enabling Actions

R&D and
Innovation

Intervention to
address key
barriers

Electricity
Market Reform

J §:1 e
¥ f ':-;' = i ¥ _,- s
) == o5 -—a REEE
FERRYBRIDGE
| CARBON CAPTURE

International Collaboration

The
ecfic] University
SVa Of
h Sheffield.

@)UKCCSRC
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Commercialisation

| **ﬁ Programme
y A 0

e Progress

% . Peterhead
b -~ e FEED Contracts signed:
P J§ v" White Rose December 2013
§:~ - ;‘(; ., v’ Peterhead February 2014
”;;i | . N e £100m investment
" 7 j Nottingham | * Final Investment Decision Late
= 2015 / Early 20167

London o )

%
WW

i ‘ Elfﬁ?versity @ eﬂefgy f\ UKCCS RC

Sheffield. 2050 PACT FACILITIES
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llustrative
Bridlington e (>()
» _————/ Geological
Driffield @ / 0 Barmston storage site*
0 York o
o Hornsea
i Key:
Market Weighton o , )
/" Onshore pipeline route (75km)

o Selby o Hull
[ ]
o Goole

0 Doncaster

WHITE ~ ALSTOM

)
~—2 DUraxy
The
University
Vo Of

e ;u(‘ilau.;;:}il‘;‘ > Shefﬁe]‘d‘

/ Sub-sea pipeline route (90km)
* Possible future pipeline connection
Multi-junction
Block valve
Pumping station
B White Rose CCS Project (proposed)
B Donval 'ower Project (proposed)
*Alsa knows

&7 BOC

A Member of The Linde Group

nationalgrid

White Rose

New ultra-supercritical 426MWe (gross)
Oxy-Power plant at Drax Site, Yorkshire

Enough low carbon electricity to power the
equivalent of 630,000 homes

100% of flue-gas treated with 90% CO,
capture rate. Estimated 2 million tonnes
CO,/year captured

Potential biomass co-firing leading to zero
(or negative) CO, emissions

Anchor project for National Grid’s regional
CO, transport & offshore storage network

CO, storage in a deep saline formation off-
shore beneath the North Sea

energy @)UKCCSRC
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e Peterhead

World’s first full scale gas CCS project

A 340MW post-combustion capture
retrofitted to part of an existing CCGT
power station at Peterhead, Scotland

Enough low carbon electricity to
power the equivalent of 500,000
homes

85% CO, capture rate. Estimated 1 _ | e —
million tonnes CO,/year captured e | uememeroo muc

Reuse of North Sea infrastructure - i e P
linking into the existing offshore : - FOR ABERDEENSHIRE

THE PETERHEAD CARBON CAPTURE

plpellne from St Fergus to the Store e e _:- . = = AND STORAGE PROJECT

€ SSE
Storage in the depleted Goldeneye e
R il DEEP DOWN UNDER
rese rVO | r THE NORTH SEA THERE

IS A SOLUTION

v g];?versity @ eﬂefgy @ UKCCS RC
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EU target of 40% EU 2030 Climate
reduction of greenhouse

gas emissions by 2030 and Energy

27% renewable energy
and energy efficiency PaCkage

targets at EU level October 2014

reform of ETS to support
all low carbon
technologies

CCS as part of the mix —
funded through NER400

\ : J E‘Iﬁfversity @ eﬂefgy @ UKCCS RC

'(‘ “ V Of
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Korean National Plan
for Reduction of CO2 Emission

® South Korea : 8th Most GHG Emitting Country (2009)

® Emission Reduction Target :
BAU 30% Reduction of CO2 Emission by 2020 (Nov. 2009)
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Major Carbon Gas Emission Sources in Korea

KCC

Power Plants

KEPCO 158 million tons/yr

Iron & Steelmaking
POSCO Kwangyang

Petrochemical

40 million tons/yr




Korean National Roadmap for CCS
(2009)

Type 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2020~

1 1 1 1
1 L 1 1

Demonstration Large-Scale Demo.

(Over 100MW)
(With Storage)

1stPilot-Scale Demo.

p» Post-Combustion Only

]
i
E
\%
A
» 10MW Level L

» Capture i | i i .

| i 2nd Pilot-Scale Demo. Large-Scale Demo. 8

: } » Pre/Post-Combustion,
: : Oxyfuel, and Industrial Apps. (Over 1OOMW) 3
: : » 10MW Level (Capture Std.) ge) 3
i | | | | | @D
————————————————————————— T - - - - - - — - - -~
s : : : : 2.
b Storage [ Storage Potential Investigation Storage Plant Construction and 9__{
g (With MLTMA) Injection (With MLTMA) N
R I 2
: | : : i : | =
1 | 1 1 1 ! 1 | 3

R&D

Mtimizwm@m@ﬂﬂ—)

Storage jeCiiuis ~egmon/Management I

Policy Direction

Capture Ready based on continuous monitoring of global
GHG regulations

Core Technology R&D for Facilitating Commercialization




Demo Sites of CO2 Capture Plants

> o ._..._ _ Youngdong: Oxy-Fuel
(“15, 100 MW)
AP KOREA WESTERN POWER (0., Ltd,

aean: IGCC + CCS
Solid Sorbent
(18, 1-10 MW)
_(“18~, 300 MW)

Samcheok: Solid Sorbent
(’18, 300 MW)

% SKOS~0O

bod St e e fra

3oryeong: Adv. Amine
(10, 0.1 MW) (14, 10 MW)
(’18, 500 MW)

KOMIPO

Hadong: Solid Sorbent
(11, 0.5 MW) (14,10 MW)




Ongoing CCS Projects in Korea

® Advanced Amine Solvent : KoSol (Korea Solvent)

= 0.1MW Test Bed Constructed (2010. 12) = 10MW Pilot Plant (2014)
- 100~300MW Demonstration Plant (2018)




Ongoing CCS Projects in Korea

® Drv Re-aenerable Solvent
= 0.5MW Test Bed Constructed (2010. 3)

- 10MW Pilot Plant (2014)
- 100~300MW Demonstration Plant (2018)

eImprovement of *Basic Process

regeneration Design for Demonstratio
*Re 2000Nm3/h n

s Improvement of
CO, removal %
(above 65%)

DI Y= = = = ke o
Sorb KX35TS

B0% —

€O, Removal

30% -

L
2005 2007
Sdédrbent —




Potential CO, Storage Sites in Korea

Underground Undersea
_Storage Storage
(1.&_3 billion ton (Expected to have
estimated) great storage
potential)
Kyoungsang Basin 680 o

million ton ! Ulleung Basin
| (Dolgorae Gas field):

Priority Rank 1

Taebaek Basin 180
million ton :
Priority Rank 2 i

_____________________________

Pohang Basin
| Priority Rank 2

| 3: Chungnam Basin i
L4 Moonkyung Basin |

C: Chuju Basin D:
5: Honam Basin : Haenam Basin E:
Kyukpo BasinF:

Koonsan Basin




Industrial Applications of CCS

® As alternatives for storage,

CO2 capture in Steel

industry (POSCO)
[27 million(USD), 2009~2014 ]

- Capture CO2 from blast furnace

using ammonia liquid (10 ton/day,
0.5MW equiv)

- Purification/liquefaction process
integrated with capture facility
- Production of liquid CO2 using

the capture facility (3

CO2 conversion using
microalgae (Korea District

Heating Co.)
[11 million(USD), 2012~2017]

-CO2 fixation through
microalgae photosynthesis
-Conversion of CO2 into high

value-added products
(astaxanthin)

process (1 ton
__ton/day) ) )

Green Polymer (SK)

-Convert CO2 into
polymerized compound
and produce plastic
-Aims for
commercialization in 2014




Members of KCCSA:
All Major Players in Korea

EOSEH CO, EMISSION Doosan Heavy Industries ‘MH“@.P“&!

- O IeOoOmii—o !‘ CIKEDCOERLC = GSEsC
- = e

. QI SANSUNG ENGINEERNG
-, | @02 CAPTURE

@ DOWELL
L~

P KOREAWESTERN POWER (0, Ltd.

€O, STORMGE

Korea
National Oil Corporation

* Newsletter recipients (bimonthly): 62,0000




Active Participation in

A Natural 0 ;
P i Resources i
e W

*IEA-GHG: International Energy Agency GreenHouse Gas R&D Program *GCCSI: Global CCS Institute

*CSLF: Carbon Sequestration Leadership Forum *CCSA: Carbon Capture Storage Association
*CO2CRC: CO2 Cooperative Research Center *NETL: National Energy Technology Laboratory

*CCPP: Climate Change Policy Partnership, Duke University *MIT CSI : MIT Carbon Sequestration Initiative




® CCS will play an important role in CO2 emission
reduction.

® |Large scale integration projects (LSIP) may be
postponed until international regulation on CO2
emission Is to be effective.

® Capture-Ready may be required for new power
plants in the future.

® Korea will keep investing in CCUS R&D.

® Korea needs international collaboration in CCS In
general, and Storage in particular.
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are of coal in power generation

= Coal is one of a major resource for power generation.

Share of Coal in Power Generation (2007)

World

Thailand

Korea

Japan

Indonesia

India

China

Australia

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

B Coal O Oil & Natural Gas B Nuclear @ Hydro B Others

source) IEEJ, Asia/World Energy Outlook, Oct 2009
* Australia is sum of Australia and New Zealand
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Low carbon economy in the world

5.0

4.0

3.0

2.0

1.0

0.0

CO2 Emission per GDP (2005)
[kgCO2/US$(2000yrs exc. rate)]

Primary energy supply per GDP (2005)
[toe/1000US$(2000yrs exc. rate)]
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< —
e 2.68 1
. 0.91 |
1.0 0.83
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e n.2n.0.80_ : 0.33 0.34
0.43 0.53 27070 0.20 0.21 0.2
0.24 0.11
,—ll | | | | | | | 00 |_|I | | | | | | |
S~ < & ©®© O o © ®© S ~ < & ©® © o © ®©
S Nw § ¢ T £ 0 S Nw § 90 m T £ 0
T - D c 6 5 £ £ ¢ T - O ¢ 0 5 £ £ ©
= T ¥ O o 2 = w T X O o 2
O 2 o O S o
< <

Source: IEA(2007),"CO2 emission from fuel combustion 1971-2005



Capacity and steam condition

Coal Power Plant by Capacity

= In many countries, majority is
201-600MW plant.

= While in Japan and Indonesia,
the share of above 600MW
capacity is relatively high.

Coal Power Plant by Steam Condition

Indonesia

Australia

Thailand

Korea

China

= In many countries, majority is
sub-critical plant.

= While in Japan and Korea,
Ultra-Super Critical and Super
Critical plant has a dominant
share.

apan

Korea

China

Australia

Thailand

India

Indonesia

0% 10% 20% 30% 40% 50% B0 0% 80% 0%  100%

|
4% | v 15%
| | | | | |

574 ‘ 17% 14%
| | | | | |
51% | 32%
| | | | | | |

83 \1
| | | | | | [
894 |
[ [ [ [ | [ [ [ [
55% | 45%
[ [ [ [ | [ [ [ [
53% | 47%

0% 10% 20% 0% 40% 0% a0% 0% 80% 0%  100%

W USC DSC Osub-C B ns.

source) IEA, CoalPower database



ciency of coal-fired power plant

o Japan
90% Korea
Thailand
45% o Indonesia
—t N :
40% | iﬂmlrtraria . [\
/1 / m' i
35% “""
WA a4
0 ""' A 7 =
= \'/"
/ /
20% \‘I v
15'31] | I | 1 1 | 1 1 | 1 1 | | 1 1 | 1 1 1 | 1 | 1 1 1 | 1 | 1 1 1 1 1 | | |
~ =~ 2 R 2 3 8 & % 8 22 5 & 5 & &5 8 &8 B
© 2 22 222 &S 222 S22 8 8

source) |IEA, Energy Balance 2009
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= 500 |
T 480 |
@ 460 |

440 |

420

Ch.1

620
800 |
. 580
o550
T

o 540
2 520

| Power Plant in Japan

Capacity above 600MW had
been increase.

Efficiency stayed at level
since early 1980’s.

High pressure and
temperature steam
condition is largely used.

Steam Condition
— . ‘

o 5 10 15 20 25 30

Steam Pressure (MPa)

Motivation

Number of Coal Power Plant by Age, by Capacity

number W 2600 MW
40
401 - 600 MW
35
201 - 400 MW
30
- 101 = 200 MW
20 W100 MW

15

10

50%

40%

0%

20r%

1%

%

0-4 5-9 10-14 1519 20-24 25-29 30-34 35-39 240 n.s.
Age

Generating Efficiency of Coal Power Plant

1971 1974 1977 1980 1933 1986 1989 1992 1995 1993 2001 2004 2007

source) |IEA, CoalPower database, Energy Balance
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| Power Plant in Korea

= Majority of plants are new
and large scale.

= Efficiency is fluctuating but
gradually rising.

= Steam condition is relatively
high.

Steam Condition

620
600

g 580

‘E; 560

5 540 1 =
o | O

= 500

= 480 [
B 450 | Critical : 374C, 22.2MPa
440 |
420

0 5 10 15 20 25 30

Steam Pressure (MPa)

Number of Coal Power Plant by Age, by Capacity

50%

40%

20%

20%

10%

0%

number W 2600 MW
W 401 - 600 MW
201 - 400 MW
101 = 200 MW

W=100 MW

I I I n.s. ;. not specified

5-9 10-14 15-19 20-24 25-29 30-34 35-39 =240 X
Age
Generating Efficiency of Coal Power Plant

1971 1974 1977 1980 1983 1986 1980 1992 1995 1998 2000 2004 2007
FR)

source) IEA, CoalPower database, Energy Balance
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CO2 emission reduction potential by improving
efficiency of Coal-Fired Power Plant

Ch. 1 Motivation Power Gen. from Solid Fuel



De-carbonization of energy at supply-side

Expanding use
of non-fossil
energy sources

Promotion of nuclear power generation based on the premise

safety assurance and restoring confidence

Development and expansion of use of renewable energy sources

e

Improving
efficiency of
electric power
equipment

*Hydroelectric, geothermal, solar, wind, and biomass power generation

Further improvement of thermal efficiency of thermal power plants I

*Introduction of LNG combined-cycle power plant, Clean Cool Technology

Reduction of transmission and distribution loss

International

efforts

*High-voltage transmission, low-loss transformers

Active utilization of the Kyoto Mechanisms

*Active utilization of the Clean Development Mechanisms & investment in
Carbon Funds

_ISectraI approaches I

*Participation in the Asia-Pacific Partnership (APP) (Peer Review Activities,
etc)




Further improvement of thermal efficiency of power plants

Thermal Efficiency (LHV)

Country-by-country trends of Coal-fired plants Thermal Efficiency

43
419
399

379

35%-

33%
31%
299/

27% -

259

Japan

Northern Europe
"

India

Thermal efficiency of Japan’s coal-fired power plants is
p-- at the highest level in the world -

239

Source: INTERNATIONAL COMPARISON OF FOSSILE POWER EFFICIENCY AND CO2 INTENSITY(2008) (ECOFYS)

90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05

Fiscal Year



CO2 emission reduction from increasing efficiency

900 30
(Based on Pittsburgh #8 Coal)

850 + CO2 Emission, tonne/kWh Percent CO2 _R_educ:tlon =+ 25
- from Subcritical PC
2 - <
Q 800 + =+ 20 E
S T
= Q
s o

e - o

E 750 15 8
5 Ultrasupercritical =
IE 200 4 PC Plant Range 110 §
o~ [
o) o
© Subcritical

650 4= PC Plant + 5

600 | 1 | | 1 | | | | | : | | O

37 38 39 40 41 42 43 44 45 46 47 48 49 50

Net Plant Efficiency, %
Combustion Technology University Alliance Workshop, August 4, 2003, Columbus, OH |— [=E|



es of increasing efficiency for existing power plants

Thermal Efficiency (%, HHY)

It is possible to reduce the deviation
from the designed efficiency

39 / =
Coal-fired Plant (Site A) [ — /‘\./‘/\‘
38 A ; \‘/A\‘/I
T A
37 2. Efficiency Difference by Vintage, Technology, Coal Property, Operation

Mode, etc.

L Designed Efficiency

Thermal efficiency has declined
1. Efficiency over 20 years
B

Coal-fired Plant (Site B)

20 1 1 L 'l 1 L 1 L 1 | Il 1 ' | 1 | 1 | i | 1 1 1 [ | 1 | 'l i | 1 | 1
0 10 20 30 40

Years since Commissioning
Ch. 1 Motivation Power Gen. from Solid Fuel



es of increasing efficiency for existing power plants
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ISsues for existing power plants — domestic status
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es of increasing efficiency for existing power plants

Ch. LGk
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ISsues for existing power plants — international status

Perf Each Unit: Leak reduction from 28% | assume efficiency gain of
L erlormance Air Heater | $214.286 t012% 5% based on Hangzhou
Year OEM Modification Package RPM Mw Improvement or RMB Banshan Case
(MW or % Efficiency) 500,000
Each Unit:
i . Boiler 51,429
1992 | Mitsubishi |40 inch LP blade package; Unspecified Unspecified $31,
stators only Burner or
P L0 ttaror biad RMB 360,000
. 40 incl -0 titanium blade : : ;
1992 | Toshiba 3600 700 1.2%* ) Each Unit: This case s good
and hollow stator i‘”k" $85.714 Boiler Efficiency candidate for study
. . 001- ; ;07
: 40 inch LP L-0 titanium blade, o8 or RMB increased by 2%
1993 | Toshiba leaned stators 3600 700 1.6% blawers 600000
; a Each Unit:
1993 ABB LP i I t 1800 950 12.17 MW
section replacemen Induced $85.714
. 47 inch LP package; stators, _ . . Draft Fan or RMB
1993 | Westinghouse blades, seals, diffuser 1800 1155 [13.7 - 15.5 MW i’;) ?\aug{mng 600,000
ower Plant - -
- o s Each Unit: Turbine Heat Rate has
1994 |Mitsubishi | 20 inoh LP L-Otitanium blades, | 5, 700 |15% (China) $171420 | improved by 0.37 This case is good
I-shroud reaction Capacity :
™ ('R)—; 195 Condenser or RMB kI/KWh (0.35 BTU/AWh) | candidate for study
1994 | ABB LP steam path and diffuser Unspecified Unspecified MW 1.200.000
package Dat
. R“ﬁE bished Unit No. 11 | Turbine Heat Rafe has
1994 | ABB 46 inch LP L-0 blade-stator |4, 1040 |17 MW clurbished: $2.857.143 | improved by 777.89 This case is good
replacement Year Steam -
2004(AH): Turbine or EMB kI/KWh (7373 candidate for study
57 inch Next generation nuclear o s i 20,000,000 BTUXWDL)
1995 |GEC turbine 1500 1500 |2% 2006 (Burners)
o $285.714 The improved control must
; . Instrument
1906 | General 38 inch LP rotor replacement; | 444, 540 14 MW" Units No. 10 . of No specific claim of have contributed to
Electric nozzle & buckets &11 ation and " .
Control RMB Z:OOQ 000 | monetary improvement unproved heat rate of the
31 inch LP steam path and o1 (each unit) unit
1996 ABB diffuser package 3600 855 1.8-21%
- - Addition: $3.571.429 This effort 1s to mitigate
1996 |SPC 23(;23%"‘;??5":‘ path with 3600 306 |2.4-27% New FGD o Mitigated emission pollution which is
to each EMB pollution necessary in permitting
1996 | Westinghouse | LP section replacement 3000 1300 |42 MW" unit (added 25.000.000 regulations
on May (total both units)
2001 | Skoda Moisture extraction through L-0 | 3950 950 | Not measured yet 2007)
stationary blades
—t
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es of increasing efficiency for existing power plants - Japan

*source - Cleaner Coal Workshop In Ha Long, Vietnam (August 19, 2000)

odel Plant to be Retrofitted
Super Critical Single Reheat

Net Plant Output £ 500 MW ~9 X
Main Steam Pressure 1 24.1 MPa IHI RTINS IORTRN. LT,
Main Steam Temperature : 538 deg-C FZ Fuji Electric Systems
|
Reheat Steam Temperature : 538 deg-C HITACH!
onclusions TOSHIBA E—
A-USC Technology Babcock-Hitachi K.K.

— Suitable for retrofitting old supercritical plants
— Economical and environmentally—friendly
— Thermal efficiency reduces CO2 : 15~20%

— Development of New Ni—base alloys
& Technology available by 2016.
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es of increasing efficiency for existing power plants
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emission reduction potential

1,300 million t-CO2/year in 2005 |
P

| ]
Actual CO2 Emission

2,000
! vs. BP case
i (A377) (A705) | .gp case - adopt
Japanese BAT to
America, China and
i India
- _ (A 180)
i _ (A22)
, LI "

Actual

=
un
o
o

=
o
o
o

[million t-CO2/year]

CO2 Emission reduction potential

BP case| Actual BP case| Actual |BP case| Actual |BP case

Japan America China India

Source: IEA World Energy Outlook 2007, Ecofys International Comparison of Fossil Power Efficiency and CO2 Intensity 2008

Ch. 1 Motivation Power Gen. from Solid Fuel



plementation of CCT in High Efficiency Power Generation
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Clean Coal Technology in power generation sector

O Future development of the high-efficiency coal fired thermal power generation
- A-USC: Advanced ultra super critical pressure power generation
- IGCC: Integrated Coal Gasification Combined Cycle

uUsc A-USC IGCC(1,500degC )
Configuration Boiler Boiler Gasifier HRSG
. '}-: >
GT

ST ST ST
Thermal 42% 46% 46~48%
Efficiency
CO2 Emission Base A11% A13%
Reduction




Roadmap for High-efficiency coal-fired power generation- Japan

Thermal Efficiency (HHV)

- A-USC: 700deg C class Turbine with 46% efficiency by around 2015
and 48% efficiency by around 2020

- IGCC: 1500degC class Gas Turbine with 46~48% efficiency by

70 around 2015 and 1700deg C class Gas Turbine with 50% efficiency
by around 2025
65
IGCC A-IGCC
60 57Y%
1700degC G
35 1500degC GT
46~48%
50
A-USC

45| 600degC 750degC

42% 700degC 48%
40 46%
195 2000 2010 2020 2030 2040 2050

USC Fiscal Year

Source: Cool Earth-Innovative Energy Technology Program,
March 2008 Ministry of Economy, Trade and Industry



Roadmap for High-efficiency coal-fired power generation- EPRI

PC Plant Evolution to 2020 and Beyond N

NOW NOW NOW FUTURE FUTURE
to 2010 2010-20 2020+
* Subcritical * Subcritical « USC «USC +UsSC
 Supercritical * Supercritical - 800 MWt + 800 MWt -+ 800 MW=
Existing Current- Advanced Advanced Advanced
PC Plants Generation PC PC Plant PC Plant PC Plant
w/ Changes Plant Designs 600°C/ 6350°C/ 700°C/
537°C-565°C 537°C-582°C 241 Barg 276 Barg 310 Barg+
+ CO, Capture » SOA Design » Advanced * Nickel / * Nickel Alloys
Issue - CO, Capture Ferritic Materials Austepitic + CO, Capture
» Emissions Issue Accommodation * CO, Capture Materials Capable
- Future Emissions AA¢commodation * CO, Capture « Near-Zero
Reductions « Future Emissions Ready Emissions
Reductions * Advanced
Emission
Controls

ELECTRIC POWER
RESEARCH IMSTITUTE
& 2007 Flectic Power Resegrch Institute. Inc. All niahts resensed 1R S £



admap for High-efficiency coal-fired power generation- Korea

HSC(Hyper Super Critical) ¥A 7)<
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Roadmap for High-efficiency coal-fired power generation- Korea

USC(Ultra Super Critical) &3 7<=
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Roadmap for High-efficiency coal-fired power generation- Korea

IGCC(Integrated Gasification Combined Cycle)
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Roadmap for High-efficiency coal-fired power generation- Korea

Characteristics of IGCC Demonstration Plant

QO Upgrade of Thermal Efficiency: 48 to 50% (HHYV) is expected and CO2
Emissions Intensity is improved up to Qil fired Power Plants Level.

OImprovement of Air Pollution: SOx, NOx and Dust Intensity is reduced.
QOExpansion of Coal Quality for Use: Low Rank Coal is usable.

O Effective Use of Coal-slug: Ash is exhausted as Coal-slug condition and Ash
volume is reduced. Coal-slug is re-used as Cement Alternatives.

Challenges for Commercial Operation

p
O Stability of Plant control system: Stable Shut down and Start up, Stable
Operation of Gasifier is tested.

O Establishment of Plant Reliability: 200hrs continuous operations was successful.
O Expansion of Usable Coal Quality: Some Coal Quality is tested.
O Performance Test: Designed value achievement is verified.

O Plant Durability : Long-term operation is tested and overhaul is planned.

O Economical Efficiency: Potential of Commercial Operation is verified.




Roadmap for High-efficiency coal-fired power generation- Korea

OXY FUEL COMBUSTION

Oxyfuel B A 2o AATHE F53te] &S QLF 2N wj7| 7122 CO, R vl &3t

Capture

Sl T L 5| A1) By R ey 71| UF-0- 21 229 (2015 9+F Al A)
/////:,'fff a

'?f'ﬁ%’ AEAL BG

F4r5E% 9 A3 A1) Babcock 3}
ﬂﬁﬂ‘}q 71eNeE F+AFY
- Scottish Power, E.ON 5 Major
8 QAAEY FF 7IEAL FY

+20093 QA A T2 Test TAES
T3t A1g 5 (40MW, 9=)
20153 =] Full Size 4% T dE
A4 E AYsa &

T ————

» Alstom, IHI, B&W 5 AA A< AA
7193 F5 ¢ £F9 71&2 B3y
FE I 9] A G AT A8




	Energy Conversion & �Power Generation from Solid Fuel�Dr. Hartmut Spliethoff   TU Munchen
	Main-text : Power Generation
	Sub-text : Power Generation
	Class material information
	슬라이드 번호 5
	1.1 Primary energy & CO2 emissions
	Geographical Coverage
	Basic Framework
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27
	슬라이드 번호 28
	슬라이드 번호 29
	슬라이드 번호 30
	슬라이드 번호 31
	슬라이드 번호 32
	슬라이드 번호 33
	슬라이드 번호 34
	슬라이드 번호 35
	슬라이드 번호 36
	슬라이드 번호 37
	슬라이드 번호 38
	슬라이드 번호 39
	슬라이드 번호 40
	슬라이드 번호 41
	슬라이드 번호 42
	슬라이드 번호 43
	슬라이드 번호 44
	슬라이드 번호 45
	슬라이드 번호 46
	슬라이드 번호 47
	슬라이드 번호 48
	슬라이드 번호 49
	슬라이드 번호 50
	슬라이드 번호 51
	슬라이드 번호 52
	슬라이드 번호 53
	Assignment : CO2 Emission Calculations
	슬라이드 번호 55
	슬라이드 번호 56
	슬라이드 번호 57
	1.2 Greenhouse effect & impacts on the climate
	슬라이드 번호 59
	슬라이드 번호 60
	슬라이드 번호 61
	1.3 Strategies of CO2 Reduction
	슬라이드 번호 63
	슬라이드 번호 64
	슬라이드 번호 65
	슬라이드 번호 66
	슬라이드 번호 67
	슬라이드 번호 68
	슬라이드 번호 69
	슬라이드 번호 70
	EU 2030 Climate and Energy Package�October 2014
	Korean National Plan�for	Reduction of CO2 Emission
	Major Carbon Gas Emission Sources in Korea
	Korean National Roadmap for CCS�(2009)
	Demo Sites of CO2	Capture Plants
	Ongoing CCS Projects in Korea
	Ongoing CCS Projects in Korea
	Potential CO2	Storage Sites in Korea
	Industrial Applications of CCS
	Members of KCCSA:�All Major Players in Korea
	International CCS Networks
	Summary
	슬라이드 번호 83
	슬라이드 번호 84
	슬라이드 번호 85
	슬라이드 번호 86
	슬라이드 번호 87
	슬라이드 번호 88
	슬라이드 번호 89
	슬라이드 번호 90
	슬라이드 번호 91
	슬라이드 번호 92
	슬라이드 번호 93
	슬라이드 번호 94
	슬라이드 번호 95
	슬라이드 번호 96
	슬라이드 번호 97
	슬라이드 번호 98
	슬라이드 번호 99
	슬라이드 번호 100
	슬라이드 번호 101
	슬라이드 번호 102
	슬라이드 번호 103
	슬라이드 번호 104
	슬라이드 번호 105
	슬라이드 번호 106
	슬라이드 번호 107
	슬라이드 번호 108
	슬라이드 번호 109
	슬라이드 번호 110

