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T1S-Asia Clean Coal Technology Workshop 2010

Nov.15th

Opening Speech Chair : (Yiwu WENG)
O-1: Dr. Mikio SATO (Secretary General of IERE)

8:30- | O-2: *35 % (from Shanghai of Government, Chida): # 4+ % R ¢
9:00 | O-3: Mr. Jianzhong FANG (from President of Longy@ounty, China)
O-4: Dr. Hisao MAKINO (from CRIEPI, Japan)
O-5: Prof. Shilie WENGs ¢ 7] (from Shanghai Jiao Tong Univ., China)
Special Lecture Chair : (Dr. Mikio SATO,CRIEPI, Japan)
9:00- | S-1 Prof. Shilie WENG (Former President of Shangdis Tong
9:40 | University, China) 52 7] &#(F 22 xwfL)
“Current Development of energy research and utibzain China”
9:40 Plenary Lecture Chair: (Dr. Mikio SATO,CRIEPI, Japan)
1(')_20 P-1 Prof. Isao MOCHIDA (Kyushu University, Japan)
' “Current Research and Development of Clean Coalfi@ogies in Japan”
10:20-
Coffee break
10:40
10:40- . . .
12:10 Keynote Session Chair: (Dr. Mikio SATO, CRIEPI, Japan)
10:40- | K-1 Mr. Yue XU (Xi'an Thermal Power Research Ihste Co., Ltd., China
11:10 | “IGCC Demonstration Project in China"s % #1 # 3 v % ) 3 Xiaoyu Li & #7 %
11:10- | K-2 Mr. Yoshitaka TOKUSHITA (J Power, Japan)
11:40 | “JPOWER’s Efforts to Clean Coal Technology”
K-3 Prof. Yifeif WANG (Eash China University of &eice and technology,
11:40- | China) % 7= i (*4)
12:10 | “Current states of Coal Gasification Technology Blepment and Its Application in IGCC in
China”
12:20-
Lunch
13:30
13:30- Technical Tour: Mu Chen Hydroelectric Power Station

3



15:00

15:30-
17:30 Technical Session Chair: ( Prof. Yonghao LUO)
15:30 T-1 Dr. Hisao MAKINO (from CRIEPI, Japan)
15'_50 “Development of Low NOx Combustion Technology fobSituminous
' Coal
15:50- | T-2 Dr.Toshiyuki NAITO (IHI, Japan)
16:10 | “Mercury Removal by Catalytic Oxidation in Coal Cbustion Flue Gas”
16:10- | T-3 Prof. Yonghao LUO (SJTU, China)% -« ;3
16:30 | “Model and Application of Layer Combustion of Cdadsed Industrial Boiler”
16:30- | T-4 Dr. Inumaru JUN (CRIEPI, Japan)
16:50 | “Development of Technology for IGCC and CRIEPI'swi&CC with CQ Capture”
16:50- | T-5 Mr. Xinxiang YU (CSIRO, Australia) # #74%
17:10 | “An Innovative Technology for Utilizing Low Concemtion Coal Mine Methane”
18:00- .
Banquet at Long You International Hotel
20:00
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PROGRAM of CET (CCT&FCs) 2010

Nov.16th
8:30- Opening SpeechProf. Guangyi CAO (Director of Institute of Fugell,
8:45 SJTU) § B ¥
Dr. Hisao MAKINO (Deputy Directorngrgy
Engineering Res. Lab. CRIEPI)
Dr. Hee Chun LIM (KEPCO RI)
Prof. Makio NAITO (Osaka University)
Dr. Mikio SATO (Secretary Gener&dRE)
Chair : Yonghao LUO% -« ;2
8:45- Plenary Lecture
10:05 Chair :Hisao MAKINO
8:45- P-1 Dr. Hiromi TAKEUCHI (Advanced Industrial Sciemand Technology)
9:25 Research Activities of Energy Technology Reseanstitute, AIST
9:25- P-2 Mr. Shuo CHEN (Director of London Pavilion iXEO2010)
10:05 Zero Carbon-Strategy towards Future City
10:05- :
(Move to Separated Session Rooms)
10:15
10:15- | CET-A(CCT) Keynote Session CET-B(FCs) Keynote Session
11:45 Chair : Yuzhang WANGL. 1. &5 Chair : Takao WATANABE
10:15- | CK-1 Xiaoling MIAO (SJTU) FK-1 Ken-ichiro OTA (Yokohama
10:45 CO; Biofixation and biofuels production | National Univ.)
with microalgae Recent Activities in Japan and New Material
for Polymer Electrolyte Fuel Cells
10:45- | CK-2 Isao MOCHIDA (Kyusyu FK-2 Makio NAITO (Osaka Univ.)
11:15 Univ.) Smart powder processing for clean energy 4
Research and Education on Carbon energy-saving
Resources at Kyushu University
10:15- | CK-3 Rongxiu LI (SJTU) FK-3 Hee Chun LIM (KEPCO RI)
11:45 The value potential of carbon conversion|iKEPCO's New Vision for Green Energy

5



biomass Industry

11:45-

Lunch

12:45

12:45- _ . .

1415 Technical Tour (Biogas power generation in Longgountry)

14:15- | CET-A(CCT) Oral Session | CET-B(FCs) Oral Session |

15:45 Chair : Seung Mo Kim, Mikio Chair : Hee Chun LIM, Mingruo HU
SATO

14:15- | CO-1 Yong-Gyun KIM (Pusan National | FO-1 Yoshiyuki IZAKI (CRIEPI)

14:30 Univ.) R&D activities on fuel cell technologies in
Coal-derived Tar/Soot yield in low CRIEPI
temperature zone under PC combustion
environment

14:30- CO-2 Naoki NODA (CRIEPI) FO-2 Kazumi TANIMOTO (AIST)

14:45 Influence of coal properties on Physical properties of molten carbonate
performance of electrostatic precipitator foelectrolytes containing alkaline earth
pulverizes coal combustion boiler carbonates

14:45- | CO-3 Hisao MAKINO (CRIEPI) FO-3 Jong-Pil KIM (Pusan National Univ.)

15:00 Development of Advanced Low NOXx Fabrication and performance of a high
Combustion Technology on Blend temperature fuel cell with solid carbon as fuel
Combustion of
Bituminous and Sub-bituminous Coal

15:00- CO-4 Kenji TANNO (CRIEPI) FO-4 Choong-Gon LEE (Hanbat National

15:15 A numerical modelling and simulation of | Univ.)
pulverized coal combustion Oxidation of solid carbon in a direct carbon

fuel cell

15:15- CO-5 Seiji INOBA (CRIEPI) FO-5 Takao WATANABE (CRIEPI)

15:30 Control of ammonium, phosphate and Development of lifetime estimation model fof
sulfide release from costal sediments by fIiPEFC load cycling
Ash zeolite

15:30- CO-6 Yiwu WENG (SJTU) FO-6 Katsuhito TAKEI (CRIEPI)

15:45 Distributed energy system and energy | Steam electrolysis performance of

conservation

high-temperature solid oxide electrolysis cel

and efficiency of hydrogen production systerln




with 300 Nm3/h

ed

15:45-

Coffee break

16:00

16:00- | CET-A(CCT) Oral Session Ii CET-B(FCs) Oral Session |l

17:30 Chair : Rongxiu LI, Jun INUMARU Chair : Qingchun YU, Yoshiyuki

IZAKI

16:00- | CO-7 Kenji TANNO (CRIEPI) FO-7 Seoung Goo KIM (RIST)

16:15 The Effect of flow behaviour in De-NOx | Current status of SOFC stack development
catalyst honeycomb on degradation of | RIST
catalyst and De-NOx Reaction

16:15- CO-8 Naoki NODA (CRIEPI) FO-8 Tohru YAMAMOTO (CRIEPI)

16:30 Behavior of mercury, selenium and boron Development of performance evaluation
in coal combustion technology for long term durability and

reliability of SOFCs

16:30- | CO-9 Xiangming CAI (SJTU) FO-9 Jianguo YU (SJTU)

16:45 Exergy analysis of a combined power angEffect of fuel flow rates on the performance
ejector refrigeration cycle using a solar | planar solid oxide fuel cell with syngas as fu
heat source

16:45- CO-10 Lin ZHANG (SJTU) FO-10 Haruo KISHIMOTO (AIST)

17:00 Effects of hydrogen content on nitrogen | Degradation study of SOFCs by micro rama
expansion liquefaction process of coke | spectroscopy
oven gas

17:00- |CO-11 Fang XI (SJTU) FO-11 Yang LI (SJTU)

17:15 PSA separation of CH4/N2 mixture with | Control strategy and dynamic performance
carbon molecular sieve study of SOFC-GT hybrid system

17:15- CO-12 YiSU (SJTU) FO-12 Rak-Hyun SONG (KIER)

17:30 Experimental and numerical investigatior) Development of a 1 kW class anode-suppor
of tar destruction under partial oxidation | flat tubular SOFC stack at KIER
environment

18:00- :

20:00 Banquet at Long You International Hotel




BEFHeRE (- ) dX#1FTRES BT IGCC R

PR AT XHEIFAT %S BT (IGCC Demonstration Project
in China— GreenGen z_ #.31¥ » 4rB 1~10-

a

"R
HETE

Mlaz#1FTHRT DT _SENIEERF 3w
(China— GreenGen,2004® FE“% ¢ %)

RN R S Rl
LR T EEWME S 41E ~ F R e CO2aH ks
W B R A TS AT R R
« ¥ IE IGCC o jiFfo s s S HF» 252 ¢ B p 31 v g g0

EER S
CFETESATRLOFEAFTHN S R AE T ROV IS

FHE



Thermal Power Resesrch Institite PSR TR m
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Two Stages Gasificatio
with Dry Feed
ABRATHR I ESARE
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GreenGen key technologies

FEFEXEREA

KRB R BRSABR

gasification technolog)

RGBEDAR

Energy system

B bR

Gas cleanup
technology

Large high efficiency *

integration technology”

R

Fuel cell power
generation

=
HRHLER A _

% GreenGen INear zero
Al o | Demo-power Emission
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CO2 storage
technology
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GreenGen Pilot Scale System
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5 E2L Material
=
10,000 Nm3/h 4.CO; R4 TRAEH - - —— - N
1 KB A 6100 Nm*/h T i CO; stogage | \CO, HURH T
CO, ik 1. WGS co, A [ TG |
— = compress. ! formations {
CO, Capture I !
" dry. transfer : o, | -
3 | : [ 1C 5 Lid::
8700 Nm/h H, CO, HHyHiz | Enhance Qil !
i 1. . -
1300Nm’/h N» 2 [ | Recoweey: [
2. 4ilE CO; transfer coal
Y 3.5 fﬁ'hi& powder g ggg ’f.fe Bestration
2.Hydrogen 3, n ansport supply

|
HEFHLLIY | Fuel Cell

|
5% ﬂu Hydrogen
| turbine

————— | -CQ, capture and sequestration:
S5 ﬂ'_’, Hydrogen | ‘C02 HESH T
ultra clean-up | | *A 10,000 Nm3h PSA CO, capture
|
\
\

i’—{ﬁ#%ﬁ Hydrogen experimental setup -
stiings =10,000 Nm?/h CO, #5450 R4t
*A 150 Nm?¥h CO, membrane separation
capture experimental setup
*150 Nm¥h CO, 4B L5 R4
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Technical flow diagram for the stage Il
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The main tasks in this Stage: Improve & promote IGCC plant and
polygeneration; Ready for GreenGen demo engineering
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Technical flow diagram for the stage Il
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In this stage to realize the final objective of GreenGen
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| 1 gy balance of dry pulverized gasfication technology

TH SUEAR ) R BT

Input energy #EHEEEE 100%

0.8%--Steam generation of Gasifier

St BRI

14.0%--Steam generation of
Syngas cooler &=L I Z&7R
0.2%--Unreacted char£#41k
IR
2.0%--Irrecoverable energy

HE LA [ A A 34

Raw syngas energyfi & i< 83%
W8 xZIGCCrEtirzpbRfiipniwgtrsim

PHARAAGELGTR LA

B9 %¢%%x£IGCC 7+ ,ﬁ:% % (Tianjing IGCC Power Plant 265 MW)
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%d®%T X EIGCC 7 qﬁ% % : (Tianjing IGCC Power Plant)

- Design coal (Shenmu) LHV=22760kJ/kg
- XA (# &%) LHV=22760kJ/kg
- Raw coal=2090t/d

- % % § =2090t/d

- GT power = 171MW

- R F ms R P F=171IMW

- ST Power= 94MW

- A B F=94MW

- Grosse power= 265MkW

- TR F=265MW

- Net efficiency= 41%

- D RE»F=41%

- NOx= 40ppm( 15%02)

- NOX £ 2z 45 #%=40ppm ( 15%02)

> Detailed Design of
Two—stage Dry Feed
Entrained Flow
Gasifier

> Capacity:2000TPD

—Design coal (Shenmu) LHV=22760kJ/kg
—IiHEM (SRR ) LHV=22760kJ/kg

— =2090t/d

—GT power = 171MW

—RE A A EIE=1TIMW
ST Power= 94MW
—IRALTIE=04MW

—Net efficiency= 41%
—&| EEE=4A1%
—NOx= 40ppm {15%02 )
—NOxHEfFeFr=40ppm ( 15%02 )

W10 2 2IGCC rfFERILNERF L%
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EE1AERE TRR2 Fxi s 52t &?* Clean Coal
Poly-generationy A% % & > Hip/nz & L EFEH 11~17 -

petroleum coke — fertilizer
tural oas —»-methanol
s —DME

coking gas %—»elhylene , propylene

—acetate acid acetic anhydride
—>sasoline diesel oil

!
[
I
|
]
¥

— other
o CO +H,
gasification 5 hydrogen | Fuelcell /refinery plant
> IGCC
fuel gas

> industry /domestic fuel gas

reduction |, corex
2as

W11 FRF CEEFR AP Mt

(WFF v 8B R2%&EiL~ 32 &?* Clean Coal Poly-generation)

—l\

ECUST%%@I OMB Gasifier R&D History=

pposed Multi-Burner: Slurry & Dry Feeding Gasification)
Coal Gasification in China

Pilot Plant Integrated in

Poly-gen., IGCC

_____
©2006~2009

1996~2000 ~ 2001~2005

| Opposed Multi-Burner(OMB) entrained-flow coal gasification

W12 OMB %4t # 1 %2 A% 4%
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ECUST OMB Gasifier = (Slurry fi##Feeding Gasification)
OMB Slurry Feeding Gasification Updates

iﬁ China
B Oceanwide Yankuang Luhua Yankuang Cathy
Shandong Haili 1500TPD*3 1150TPD*2 1150TPD*3

2000TPD*2

=== Operation
Tengzhou g
Hualu Fenghuang Jiangsu SOPO
Hengsheng 1500TPD*3 1500TPD*3 === Construction
750TPD*1
ankuang Jiangsu Linggu
Xinjiang v 1800TPD*2

1500TPD*3
High Capacity

- Shangha
Yan_kuamj & /,__/ Coking &Chemical OoMB
Neimeng 2000TPD*2 Gasification
2000TPD*3, u pdates=

Shenhua . Anhui Huayi Up to Oct. 2010,
Ningmei i 1500TPD*3 7 projects
2000TPD*3 totally 16
asifiers in
S;‘I::I(o(;zj Shandong Jiutai Huadian Banshan Ningbo Wanhua gperati on
200T:)D* 2000TPD*6 2200TPD*1 1200TPD*3 Including.5
gasifiers with
17 projects, 45 gasifiers, capacity 2000
TPD.

the largest single unit capacity: 2200 TPD

W13 % % ONB F %2 2R im

|IGCC system key technologies

Lurgi
Moving bed E::> BGL

Slurry feedﬁﬁJ m—p

GE-Texaco

E-gas
OMB

[ Shell

" Dry feed _] Prenflo
GSP

MHI

HTW OMB
IFluidized bed > KRW TPRI

UOT1BOT JTSEY

U-gas \“—————————*/

W 14 IGCC M &tHis
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¥ **f*‘f’: - Coal Poly-generation Demonstration
nce and Technology—

»Location:
Shandong Tengzhou,
Yankuang Cathay Coal
Chemical Co.
»Gasifier : g
2 +1 OMB Gasifier
Single Capacity
1150 —FPp——___
— > 240000 t/a methanol
80 MW IGCC power -
»Startup: Oct. 2005
4 »First Poly—generation
System in China

7 R

W15 % R2:%Eivt~ % <i-&* Clean Coal Poly-generation

=

Teo: Coal Gasification in China

» Location: kaiyang, Guizhou

» Gasifier: 2 gasifiers

» Single gasifier capacity: 1100 TPD
» Pressure: 4.0MPa

» Temperature:~1600 °C

» Planned startup date: 2011

[ Operating coal have been gasified in
pilot plant in 2010

O Preliminary Process Design Package
(PDP) have been finished .

W16 so45% 5% OMB F 1 2 7 Rk 3

16



Py A L . . .
M. Coal Gasification in China

Single Burner Dry feeding Demonstration Updates

» Company: China Blue Chemical Co.

» Location: Inner mongolia

» Gasifier: 2 gasifiers

» Single gasifier capacity: 1200 TPD

» Pressure: 4.0MPa i Process of commercial
» Planned startup date: 2011 N

Soar g

O Simple gasifier structure
O Low investment
O More simple operation

W17 8% OMB F it %2

=y
+
x
-3‘.%
R-0\%
\_
~
DO
—

17



Mo EEE (Z2): p*IGCCHERR

- ~ p & CCS 2 7 2. 250MW #.4#- IGCC+CO2 pru3t
1- The CCP Nagoso 250MVWV Project
= JGCC demonstration project (250MW)

.t » Clean Coal Power R&D (9 companies & CRIEPI) (2007-)
V75 « Nakoso, Fukushima

Gas Cleanup
Turbine Train / [

250MW IGCC Demonstration Plantl|j

Source: http:/iwww.ccpower.co jp/english/index.html

Japan CCS’s Nakoso 250 MW
IGCC+CO2 Storage Project

Source: hittp:/iwwi.ccpaer.ca jplenglishindex. html

B~

W18 PACCS27d 9BE Rt Criepi ¥

Specification of IGCC Demonstration Plant

Fuel Capacity 1700 tons/day

701DA
TIT:1200 C(2190 F)class
250 MW (GT:130 MW )

Net Plant Efficiency | 42.0%/40.5%(LHV/HHV)

SOx / NOx / PMs:
8ppm / 5ppm / 4mglm3N

Source: http://www.ccpower.co jp/english/index.html

rved, 2010

opyright © CRIEPI, All rights rese:
B

==

® 19 Nagoso 2 250MW IGCC 7 # 8y

18




Systematic Diagram of IGCC

n
Combined Cyclefi stack
Cleanu 7%
& s ‘\

Gasifier : L& <t
Gasifier HEX J |

Coal

|
' Crusher
U Hopper

Steam Turbine i
i—p Electric

’C_J Gas Turbine

T Gasifying Ageft
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= Output: 250 MW (1700T/D)
- Net thermal Efficiency: 42 %
(LHV)

» Operation: 2007 - 2011

* Plant System:
Gasifier: dry-feed air-blown
GCU: MDEA chemical absorption
GT: 1200 degC class

* Project funding:
Electric utility companies: 70%
Government: 30%

= Location: Nakoso, Fukushima

» State: 5,000 hours long term operation

B 22 Nagoso 250 MW Airblown IGCC
(B 22~31 ##p 2010.11.15. IGCC-5 ¥ € 4r-4£& f> ~ 3 7%4p )

Nakoso IGCC demonstration plant

Coal

Wet Gas
Clean-Up

Gypsum
recovery

Gasifier

g Air
Gas Turbine ™ | Steam Turbine

Slag

- Air

E\hA‘ i ili: L=
ir is utilized -
for burning coal - B::ost_quaSlfler

-

Stack

Compressor
ASU of Air-blown IGCC Is relatively small.

Manufactured b
Mainly N2 is utilized B s
for coal and char transport T

® 23 Nagoso 250 MW Airblown IGCC

Target First year Second year | Third year
m—
Safe and Stable 250MW 250MwW
Operation
Long Term Continuous >2000hr 2038hr
Operation (1568+471hr)
Net Thermal Efficiency >42.5% 42.4% 42.9%
(LHV basis)
Carbon Conversion Rate |>99.9% >99.9%
Environmental SOx <8ppm 1.0ppm
Performance NOx <Sppm 3.4ppm
Dust <4mg/m3N | <0.1mg/m3N
Coals Bituminous Chinese Chinese, expand coal
Sub-bituminous PRB & flexibility
Indonesian
Start-up Time <18hr 20hr 1Shr
Minimum Load 50% 50% ]
________________ .
Load Change Rate 3%/min 1.2%/min (no try) 3%/min
Durability & Evaluate during (in progress | S000hr :
Maintainability 5000hr test now) evaluation

® 24 Nagoso 250MW Air-blown IGCC Demo Results

20



Atmospheric Temperature

Gross Output

Gas Turbine Output
Steam Turbine Output

Net Efficiency (LHV)
Cold Gas Efficiency of Gasifier

Carbon Conversion Efficiency

Syngas LHV

Composition CO

(16% O2 Corrected)

coz2
H2
CH4

Design values

| 15°C (59 degF)

250 Mw
128.9 MW
121.1 MW
42.5%

T 73 %
| >999%

N2 & Others
Environmental Performance

SOx

NOx

Particulate

4.8 MJ/m3N
28.0 %
38%
104 %
03 %
57.5%

<Target values>
8 ppm
5 ppm
4 mg/m3N

" Resuits

9.9°C (50 degF)
248.8 MW
130.4 MW
118.4 MW

429 %*

7%
>99.9 %

5.6 MJ/m3N
319 %
27 %
10.0 %
14%
54.0 %

0.5 ppm
3.9 ppm
<0.1 mg/m3N

W el el i

ames o

® 25 Nagoso 250MW Air-blown IGCC Demo Results

_ GASIFIER

GAS CLEAN UP

Capacity : 530 MW

Gasifier : MHI Air-blown

GT : M701 G (50 Hz)

CO, Capture : 65 ~90%
Feasibility Study : 2009
Construction : 2012/1
Commercial operation : 2015/9

s N Ry

Item 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Milestone Pre-Sthdy FS FEED EPC Gontract Cmmissioning | Commercial
vV v| v V| 'V

Stage 2 IGCC+
CCS Schedule

O/ m—— T T

W 26 Australian ZeroGen Project & IGCC+CCS (MHI)

Stoping-
Fmdr

~

co2
Comp

Sequestration
—

CO+H20—+CO2+H2
Sulfur
SRU o
Steam T 02
- iy
Coal—: Air-Blown cO Shift PR
Gasifier
N2
_ Combustor
O ASU 2
Air
Booster’\_____
Air for Gasifier

Source: Mitsubishi Heavy Industries Technical Review Vol. 46 No. 2 (June. 2009)

® 27

H2 Rich Syngas

IGCC System with CO2 Capture(Block Diagram)
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Gas | [ Reformer Steam
L chaning [Pleowo-com]” °°" [ tubie
l. . f + l rSteam
e Coal C0, » Gas LI yreg 9
Otygen—+|_gasfier | | Separaor |”| Turbine ' Orygen
or
Ar

1) Current [GCC system with COx capture

% 28 CRIEPI Novel IGCC+CCS System

t

lr Condénsedwater

ToCO, liquefaction

Stack

Steam
turbing
l 'Steam
Coal Hot gas Gas
gasifer | cleaning [ Tutine [ FC
(Gas
, Daygen cooler
Condensed waler

ToCO, liquefaction

2) Proposed advance IGCC system with COz capture

Gasifier type 0rCO; OxNy Air
Carbon conversion | % 100 699 895
Char
Generated Char th 138 518 58.1
Carbon content. wite 0 729 66.3
Ash content wi% 100 271 237
Synthesis gas
Flow rate th 2746 2746 536.3
Calorific value MJ/m™N 1.1 10.3 57
CHy | wol% 0 0 0
H: | woi% 213 24.4 128
CO| wi% 66.5 56.9 318
CO:z | vol%e 54 0 2.0
HO | wl% 5.3 0 22
Nz | wvol% 1.5 18.7 51.1
Cold gas efficiency % 80.8 788 76.5

B 29 CRIEPI Gasification Performance Comparison

Gasifier type

0pN;”

0:C0;

Gas turbine fype

1300°C

1300°C

1300°C

1500°C

CO; recovery ratio

0

%

Over 83

Over 89

Gross efficiency (HHVILHV)

%
%

4771498

271447

56.9/59.6

60.0/62.8

Netefficiency  (HHVILHV)

%

425045

#9365

4211441

451472

*2 NEDO report No. (40021430, 2003.3 (in Japaniese)

In the 02-C0z blown IGCC system (1300C class gas furbine), the efficiency of 42.0% at capturing (02 by 99% or more ¢anbe
obtained and the improvement of power generation efficiency is expected. On the other hand, the efficiency in the 02Nz blown
[GCC system ( 1300C class gas turbine) decreases up to 34.9% when 0% of COz 15 captured,

® 30 CRIEPI Thermal Efficiency Analysis
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Gasifing agent Oxygen—-CO,
Gas Turbine 1300°C Class 1500°C Class
CO,Revovery % 0o | =99 0 | =99
Input Energy (HHV/LHV) MW 992 / 946
GT MW 336 326
Gross Power
ST MW 228 269
Output
SUM MW 564 595
Auxiliary Comsumption MW 116 147 117 148
Net Power Output MW 448 47 478 447
G Thi | Effici
ross Thermal ETICIEnSY | o5 | 56.9/59.6 | 56.9/59.6 | 60.0/62.8 | 60.0/62.8
(HHV/LHV)
Net Thermal Efficiency
% 452/473 | 42.1/44.1 | 48.2/505 | 45.1/47.2
(HHV/LHV)

® 31 CRIEPI Thermal Efficiency Analysis

iz 3% Duke Energy 630 MW Oxygen-blown IGCC w/o CCS =iz
Ra % * e B GSASTOIKW » 2 o & & 19 % » 3% T R FF 89 3 2012 & 7 4 -
P ED R FER B T RARE T FRE P w2l
BRI S

MHI i=** Nakoso =7 Air-blown 250 MW IGCC = By > P #v & =
< i@ FiEH 5,000 o) pFeiplE o E YRR BT 00 £ R E S BT

\

MHI = — 3 #-8¢ Precombustion :7CCS # w5 E » 422 Australia
ZeroGen 530 MW Air-blown IGCC + CCS % fur 3" (2 3k % -
IGCC + CCS e i) » 3g >t 2015 & 9 7 2 {71 # P13 » B PFFAR

EPRFER 2z ML SV RERE TR BEIFT AR AR #ui
TP REH T2 5B o

CRIEPI #% 112_ IGCC+CCS #2 4 3%k 3t » & & g v ks
B K H o BRI E SR

(#4-p 2010.11.15. IGCC-54 ¢ 4F-4L & J> ~ 3 %)
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= ~p % J_POWER = 2 EAGLE % (OXYFUEL)

2- The EAGLE Oxyfuel Project

-{ EAGLE project (150 t/d, ST is not included)
L)

. |  J-Power (EPDC) (2004 -)
S == » Wakamatsu, Fukuoka

Aerial View of EAGLE Pilot Plant

LR Gasfier
(2 ]

Ro ° @& -

M The TIS-Asia Clean Coal Technology Workshop 2010 14 - 15 November, Zhejiang, China

® 32 J POWER = # 2. EAGLE 3*+ % (Wakamatsu, Fukuoka)

S-3-1: CCT Coal Gasfication Technology EAGLE Project J/POWEI?

» Specification of EAGLE pilot plant

Coal Gasifier Oxygen-blown Entrained bed
Coal Feed Rate 150 tons per day
Gasification Pressure 2.5 MPag

Cleanup System Cold Cleanup using MDEA
Syngas Flow 14,800 m3N/h
Sulfur Recovery Limestone-gypsum process

Air Separation Unit Pressurized Cryogenic Separation
Air Feed Rate 27,500 m3N/h
Oxygen Production 4,600 m3N/h
Oxygen Purity 95.0 vol%

R () @ 19

The TIS-Asia Clean Coal Technoloev Workshoo 2010 14 - 15 November. Zheiiane. China

W 33 EAGLE 3 % # ~#&i
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S-3-1 EAGLE %‘WER
Process Flow of EAGLE Pilot plant

| Gasification Unit_| G Chodiip i

Incinerator

il

=
| Air Separation Unit |

B s s A s i Stack

@) @ 20

M The TIS-Asia Clean Coal Technology Workshop 2010 14 - 15 November, Zhejiang, China

W 34 EAGLE 334z

S-3-1: Feature of EASGLE Gasifier F rower

Upper stage: Lean Oxygen

Coal—>Char
Char+CO,+H,0—»CO+H,

Lower stage: Rich Oxygen

Coal+0,»CO,+H,0

. 1200 1600

. o ' Temperature (°C)
- BB

High-efficiency gasification
Stable slag discharge

R © @& o

B The TIS-Asia Clean Coal Technology Workshop 2010 14 - 15 November, Zhejiang, China
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S-3-1 : EAGLE Achievement Data d/POWEI?
|

Achievement in EAGLE Project Step | & II Target Achievement
> 10,000 >10,100
2 kJ/mN kJ/mN
Gasifier | Carbon conversion > 98 % > 99 9%
ratio
Cold gas efficiency >78 % >82%
Gas Sulfur compounds <1 ppm <1ppm
Clean-up Ammonium <1 ppm <1 ppm
(@ precise Halogen compounds <1 ppm <1 ppm
desulfuriz 9 P PP PP
er outlet) Particle matters <1 mg/m3N <1 mg/m3N
Continuous
Reliat:lility operating hours <y L
an
- = 5 (step1
operability |  varieties of Coal = 5 (step1) (step1)
= 3 (step2) 3 (step2)

R( ~ i @ ‘ @ 21

The TIS-Asia Clean Coal Technology Workshop 2010 14 - 15 November, Zhejiang, China

B 36 EAGLE: H4%H =%

Another Oxyfuel Demo Project at Callide, Australia
S-4-2: CO2 Capture Technologies Oxy-Firing PCF I’/POWER

Characteristing of Oxy-Firing in PCF

Proposed CO, storage area
Location: about 300km west

from Callide A
Amount of CO, storage: about
20,000t (expected)
Transport: by road tanker
A:f"m' o Bl \ i
$ "
0
td
N Name: Callide A power station (Unit 4) by CS Energy
Queensland (Brisbane) Output: 30MWe
Steam: 136t/h, 460°C, 4.1MPa
3 amount of CO, generation from 30MWe power Build: 1966-68 :
station (1unit) : Coal type: Calide coal (bituminous coal )

CO2 capture: max..75t/d (15% of the amount of co,
generation)

R ) @& -

M The TIS-Asia Clean Coal Technology Workshop 2010 14 - 15 November, Zhejiang, China

W37 P &%z 8 Callide3 % (Oxyfuelin PCF)

about 150,000t/year (based of actual operation)

26




ﬂpan-Australia Callide-A Oxy-fuel Project outlin ‘:Eﬂm i‘-'a!Ei

Demonstration of 30MWe coal || Callide-A: 4 x 30 MWe (Use one unit)
fired power plant with CCS by Evaporation: 123 t/h steam

4.1 MPa/460°C
Oxy_f“d teChDOIOgy Operation terminated 2002

Flue gas treatment / Fabric filter (without
DeNOx / DeSOx)

Partners
CS Energy, Xstrata, Schlumberger
JPOWER,I HI, Mitsui & Co, JCOAL

CO2 storage site area

_(EDD.300km far east from gllxldeFuel procecl_
Callide-A Callide-A Power Plant Y J

W 38 p &%z 8 Callide 3*4 (Oxyfuel in PCF)

27



S BHEER:

FiF:
1. A2 5 2zkag 2 R F T CO %I 480 L ## v}ég"‘)‘f;x
ME TR R LR E AR D FERRFEL D S AF

$¢zw§ %g P AL AT S4e IERE 23 8 T3 € 2

BRERFTEETE €&k P T E 4ot > |[ERE FE

i R g R EH AR AT B e g R E T H R High Efficiency Coal

Utilized Power Generation ) ; 3 T & 8 % # Environmental

Protection ;> @ F*% CCT&FC T3t € 238 1 48 5 & % i
Clean Coal Technology (CCT) % %*#1% » Fuel Cells (FC) -

2. A=At gd pAHIERE B2 AU A FWEFESE A7
FEERT Y 27 583 o IERE B8 Fd pAY LR 4T
(Criepi) £# > Fax 2 ad HaERE S A HEE LR E
?I#KAE%%; AP A 2 s Sk

B PR AR E T2 AN LS > LA TERET | P w

py’}}‘é‘# & ’Eﬁ*@iﬂj‘iﬂﬁﬁif/plb’*/—ZE)OMW’r#
o (0 F £t ?uﬁ FPLAK ) 2 F Vg s COL 3 48 5 B 4w
WOEBWERE & = % (Scale up)z #+ 8 o

4. p # MHI * Nakoso 7250 MW IGCC 7 # T fx * %> Air-blown
W™t o %A FERE 5000 ) pFemplaE o EEMG R BEL
% ° Pre-combustion 57 CCS #irg E > & » >3 % - & IGCC +
CCS =4 % Australia ZeroGen 530 MW Air-blown IGCC + CCS
THROT F R 0 TR 2015 # 9 P B AR HRE 0 BPALE £ 8
BFER2Z PN T RAEFTHPRIFLTARZAR AP T
RGP 3B o ¥ %t J-POWER 7 EAGLE 3+ 3 #¢
* OXYFUEL %z " {@ 1 H 5 E

bo b FTFTE € T i HeB R T EARMAS R o 3

FENPH A MHENE KB PEEA R 4 E -

AN

o1
\\\?’;r

e
LoFFd S5 MB B KB TRTARE 4 i BIRE 5 25§
FES & T UIPRESTY  FEURBADD L UG B

28



WK AR

TR REIFAERRIRAPFE TERF T 2 T s B

Ba Y AR g f CO ez £ (et K RRERA

»w We2 QR T RFARRPLIL L) A7 HRE L
78 ez 5 B IR A uw\ AR By iR

p &~ CRIEPI #& 1 2. IGCC+CCS ¥4 % 3t » csuZs»ad4pd 3 »

BEEMIHSFEE - AHEp ACRIEPIZ3np 8% 42(1)

;,%Av\,}fr y Z (2> z fLJ}%,}—E_;},;E),Lg "L’?‘Eé?

7

29



IERE Central Office 1L : +81 3-5438-1717

2-11-1, Iwado Kita, FAX: +81 3-3488-5100
Komae-shi, Tokyo e-mail: office@iere.dcc.co.jp
201-8511 Japan hitp://www iere.jp

2 September, 2010

Dr. Kwang-Lu Koai

Invitation to the TIS-Asia Clean Coal Technology Workshop 2010
Dear Dr. Kwang-Lu Koai :

I would like to express my sincere gratitude for your constant support to the IERE activities
and sincere contribution to the 3rd TIS-Asia SC/TC Meeting in Kuala Lumpur.

On behalf of TERE, I am very pleased to invite you to “The TIS-Asia Clean Coal Technology
Workshop 20107, which will be held on from 14 to 15 November 2010 in Zhejiang, China.

In IERE, We have started the TIS (Technological Issues and Solution) activities since 2007.
Regarding TIS activities, especially TIS-Asia activities contributed to the increase of Asian
membership and to enhancement of IERE’s presence in Asian regions. As we discussed the new
scheme of TIS-Asia activities in the 3rd [ERE TIS-Asia Steering Committee and Technical
Committees Meeting which was held on 19-21 July, 2010 at Kuala Lumpur, Malaysia, we should
continue sustainable TIS-Asia activities under the new scheme.

This Workshop is for the first event of TIS-Asia Generation Working Group 1 (GWG-1), and is
co-organized by Shanghai Jiao Tong University (SJTU) and Central Research Institute of
Electric Power Industry (CRIEPI).

For the successful implementation of this event, we appreciate very much for your invaluable
support. The main theme of this Workshop is “Clean Coal Technology”. For this purpose, I would
like to invite you as a speaker.

Please refer to the attached First Announcement of the event for the details.

For your reference, the First Announcement of the Clean Energy Technology 2010 to be held
following to this Workshop as the co-located conference at the same place is attached too.

I do hope that you will be able to spare the time to share this occasion with us.

I'look forward to meeting you in Zhejiang, China.
Sincerely,

ikic SATO

Secretary General

IERE Central Office

2-11-1 Iwado Kita, Komae-shi
Tokyo 201-8511, Japan
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= [Ms. Krishnan Devi Sinnappan

Email : krishnandevi@tnb.com.my
Tel 1603 - 2296 6259
Fax 1603 - 2282 4620

= Ms. Huzairin Mohd Radzi

Email : huzairin@tnb.com.my

Tel : 603 — 2296 6920

Fax 1603 - 2282 4620
Thank you

Yours Sincerely,

Lrls O

Roslina Zainal

Vice President

Planning Division
Tenaga Nasional Berhad
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