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Location of demonstration plant (zHZ2#:7)
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Located within the NAKOO Power Station
of JOBAN JOINT POWER CO.,LTD.
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System Feature of IGCC (IGCCHIFFAE)
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PCF : Pulverized Coal Firing IGCC : Integrated coal Gasification Combined Cycle

The thermal efficiency of IGCC is higher than that of PCF by using combined
cycle power generation technology.

There are two types of IGCC, Oxygen-blown type and Air-blown type.

IGCCR B ST KEIAR, 5UERSR K KBMEE, KBAERRR.
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Coal IGCC Projects (##16CCHH)

o ST PueSrto!Iano Wsi?g?h Tsrg'za Nakoso
Site Netherland ﬁﬁ*%%';z% USA S A ZIES
% [ 1 E N Bowedp | BRI ) Japan
[itpsiv 2 xH H 4
O,-blown | O,-blown | O,-blown | O, -blown § Air-blown
Gasifier type Dry-feed Dry-feed |Slurry-feed |Slurry-feed} Dry-feed
AT R MRAES MANEA f"x)\ﬁ’ﬁ %)\ﬁ’—ﬁ RS,
T E F= A AR e ) AR ey ) T
Shell Penflo E-Gas™ GE MHI
Coal
consumption 2,000 t/d 2,600 t/d 2,500 t/d 2,500 t/d 1,700 t/d
BRI H &
Gross output 284 MW 335 MW 297 MW 315 MW 250MW
R H I T2 1,100degC- | 1,300degC-|1,300degC-|1,300degC-} 1,200degC-
(GT: BKFEH) class class class class class
Demonstration
test start Jan. 1994 | Dec. 1997 | Oct. 1995 | Sep. 1996 | Sep. 2007
SRR K FF 4R B 1A
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Thermal efficiency

Advantage of Air-blown IGCC in Efficiency
LA IGCCHIIE

KRR

_ _ . Gross efficiency
Auxiliary KRR R
Power

8 ATERES )

— — . Net efficiency

& HL I B R

I

|

Oxygen-blown IGCC Air-blown IGCC
K& 1GCC R 2 S, 1GCC

Air-blown IGCC applied in Nakoso is expected to realize high thermal
efficiency compared with oxygen-blown IGCC.

213k 3% F R 22 S 1GCCTH R 5 WA IGCCAH L, TRTHET LA 5 i I 3
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Thermal efficiency Improvement G¢E2c=)

Prospected IGCC applied for 1700 deg C GT

1700 A TR HLHI R KR ALIGCC
In the near future IGCC by 1600 deg CGT

1600Z S, i"mmﬁﬂ%%ileco
50 Target is equal to or over 50%

HERZ0FE 4750 % LI_LE
IGCC(48~50%) by 1500 deg C GT
T FIHL 1500 S 501

N

-
--
. -

IGCC(45~46%) by 1300 deg C GT
1300 RS Fe L

IGCC Demo Plant(42%) by 1200 deg C GT
IGCC SZiEAL(42%) 1200 RS %41

USC PC Units & ifs 580k i K 7 & HL(41~43%)
Conventional PC Units [HzUH08 5% K 1 & HL(40~41%)

Net Plant Efficiency ZHERMZE (%LHV)

Thermal efficiency improves with the advancement of high temperature
gas turbine combined cycle technology.

B PR MU S R BRI, R AR A3 4T



Demonstration Project Schedule G&iFzf ez 4@

FY (£f%) 99 (00 |01 |02 |03 |04 |05 |06 |07 (08 |09 [10 |11 |12

Preparatory
Verification
Study

$5‘E§K‘1Eﬁw‘
CCP establlished

Design of RrCCPY G
Demo Plant
S

Environmental
Impact
Assessment

Y A ]

Construction

Present stage

of Demo Plant BT
SEAEMLEE 1 \

Operation test

BT

Operation test was started from September, 2007.

AT ISR 200799 H .
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Schematic diagram of Demonstration Plant (ZZ% &) /

Coal BtiR AW CA =l yex=4E1
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[j-@ Gasifier

Air boost-upCompressor

2SR R AL

Purpose of ASU is to produce N> to pressurizing and
transporting Coal and Char, and the ASU is very small.
20 1 H R AR =0 KRR A

S AN 4= i L = i HH 5 = H b =
PR¥ R AT o0 s B4 iz I8 K BV, BT PASS 40 355 5 4R A
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Bird‘s-eye view of IGCC Demonstration Plant (#7# /&)
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Specification of Nakoso IGCC (ZRIGCCHI##) ﬁ>

Capacity &A= 250 MW gross
Coal consumption approx. 1,700 metric t/day
BER AT & #51,700 Wi/ K
Gasifier Air-blown & Dry Feed
B RN & T AL
System Gas Treatment Wet (MDEA) + Gypsum Recovery
iV HE SR ¥ (MDEA)+£ B [H]UX
Gas Turbine
WA ESHL 1200 deg C-class (50Hz)
Efficiency Gross & ¥ 48% (LHV) 46% (HHV)
(Target Values) . .
H AR 2 Net 1% F ¥ 42% (LHV) *  40.5% (HHV)
Flue Gas SOx iAMDY 8 ppm
Properties ; 0 '
(Target Values) NOx EEMNY) 5ppm (16%0; basis)
HeS B AR Particulate #42 4 mg/m3N

* While target net thermal efficiency is 48~50% in commercial IGCC plant applying

1500 deg C class gas turbine, 1200 deg C-class gas turbine was adopted to reduce the
capacity of the Demo plant as a research facility.

IGCCT A HLHA M A 15003 A S EE ML, 35 H o 3 1] LK 248 ~50% o
IGCCEEAEHNIME AR &, AT BRG] A&, FH T 12008 RS EH1.
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Outline of Demonstration Test Program %ﬁﬁ%ﬁ%ﬁﬁﬁﬁf@

No. ltem I H
System Safety
1 and Stability
iR EET
5 Reliability
CIE3
3 Fuel Flexibility
PRFhE F
4 High Efficiency
ERIES s
5 Durability
TS A
6 Economy
2Pt
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Goal H#f»

Safe and stable operation to be verified during start-up,
operation and shutdown

BAEB&E3N. 817 FH R e E .

2,000 hours continuous operation
(equivalent to 3 months operation)

SEER2000/hEESLEIT (FBHSTF3NA)D

Several types of coals to be used for the design of future
commercial IGCC

AT A B R A RRM AR T

Achievement of target efficiency
LI H PR R

Durability of components and auxiliaries to be examined by
inspection after long-term operation

IZAT5000/ N JEHEAT MR,  BiE A A8 I A
Evaluation of economy of commercial IGCC by the results of

construction, operation and maintenance of Demonstration
Plant

MRIESENLRIE BE 18T R4EP 4R, PR TGCCRI HPLII B .



Summary of Targets & Achievements S/f=& i1 piz% ﬁ>

= . T Status of Sib
Targets B f= Results R ‘Achievement | Future plank 3t £l
Safe and 250MW 250MW Achieved -
Stable Operation SKE|
Long Term Continuous | >2000hr 2039hr Achieved —
Operation KF|
Net Thermal Efficiency | >42% (LHV basis) | 42.9% Achieved | — T
Carbon Conversion Rate | >99.9% >99.9% Achieved | T
Environmental SOx <8ppm 1.0ppm Achieved —
Performance NOx <5ppm 3.4ppm AE|
Dust <4mg/m3N <0.1mg/m3N
Coals Bituminous (B) Chinese (B) Achieved Increase in coal
Sub-bituminous (SB) | USA (SB) K| Types
Indonesian (SB) PR
Start-up Time <18hr 15hr Achieved —
Minimum Load 50% 36% Achieved Decrease in
SKF| minimum load
Load Change Rate 3%/min 3%/min Achieved | - —
Durability & Evaluate during 5013hr in one year, | AlImost Maintenance
Reliability & 5000hr test No serious damage | achieved interval Evaluation,
Maintainability AT Higher availability
Economy estimation Less than or equal Construction cost Under Maintenance cost |
to PCF power and ope_ration cost | study Evaluation etc.
generation cost was estimated. el ]
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No.1l: System Safety and Stability FZp =z EE (1) ﬁ/\
Result of plant performance test in March 2008 #4554 2% %

Design values Results
wit{a RE 4R
Atmospheric Temperature ZSEE 15degC 13.1degC
Gross Output & HimIhZE 250 MW 250.0 MW
Gas Turbine Output BSHEHHLTh= 128.9 MW 124.4 MW
Steam Turbine Output ZREHLTHZR 121.1 MW 125.8 MW
Net Efficiency (LHV) %z 42 % 42.4 %(42.9%)
Syngas LHV ESEHE 4.8 MJ/m3N 5.2 MJ/m3N
Composition #geis CO 28.0 % 30.5%
CO2 3.8 % 2.8 %
H2 10.4 % 10.5 %
CH4 0.3 % 0.7 %
N2FHADR | 57.5 % 95.5%
Environmental Performance ¥ &M fE <Target H#FrE>
(16% O2 Corrected) SOx 8 ppm 1.0ppm
NOXx Sppm 3.4 ppm
Particulate #j: 4 mg/m3N <0.1 mg/m3N

Full load (250MW) operation was achieved in March 2008. Stable and continuous full

load operation as well as design plant performance was confirmed.

200843 H A R HRe S 47 (250MW) , HIN T EBUE S IRaS A e 12T B v TR g
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No.l: System Safety and Stability R s &< #lisE 1 (2) 4L

Example : Development of the slag condition monitoring system

FFERARIE RS F L

Slag hole blockage has never been experienced.

The flow of molten slag is constant, keeping the gasifier in very stable condition.
AN B KA HEEAEZRINE .

BB E R T, A BUEIIR S EIRERERRE T BT,

<Stable streams of molten slag M IR EE F>
Gasifier 55444

Slag condition monitor
>Image analysis device
>Sound monitoring system
P v o 2
SEB A ITRE

> M) M 0 2

A7 TR—ERKR

Slag hole view from lower side

HE NBE FLT T

for burning coal
N @)

oost-up
, 7 Compressor
Lt ASU of Air-blown IGCC is relatively small.

\'Mainly N2 is utilized
or coal and char tran

KRB T APV B RIZK
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No.2: Reliability a7Z; |
Trend data of long term reliability test conducted in 2008 summer
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«Capability of stable power generation at rated power was confirmed.

E 2N A PIERE AP IRES T R B1T

«2000hours continuous operation was achieved in the first year.
TEIRKIZAT 28 —EE B SEIR T 2000/ IESEIE AT




No.3: Fuel Flexibility s##&/m% @) XL
Properties of coal used in 2009, 2010 /@HA#HTHEML (2009 20104F)

’ #1 ) N#zth Indonesian Coal

esign coa or F

Chinese American FUE B I 5%
Shenhua PRB #3 (A) #4 (B)

HEMER  JL3EPRBR
Jan, 2009  Feb,2010 2009 Sep, 2010

Gross Calorific Value #i& @irdry) kJ/kg 27,120 26,670 26,370 23,010

Total Moisture & 7K& (asreceived) =~ Wt% 15.4 25.3 21.7 29.7
Total Sulphur i & (air dry) wit% 0.25 0.39 0.25 0.12
Proximate Analysis TIV4#(air dry)
Inherent Moisture [5G 7K 4 wit% 7.5 8.0 7.9 17.1
Fixed Carbon [&EmKE wt% 51.3 47.4 45.2 37.8
Volatile Matter & 57 wit% 32.3 39.1 42.5 41.6
Ash JK4r wit% 8.9 5.5 4.4 3.5
Fusibility of Coal Ash ZK¥s R
Flow Temperature #ziiEE degC 1225 1420 1260 1230

Bituminous coal and sub-bituminous coal have been used at the Demo Plant.
SEURMLEE ] PAAE ARG (#1) 0] DA R IRIREE (#2~4)
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No.3: Fuel Flexibility #&#&/H 1 (2) ; Test result

(design coal)

MW

MW

MW

MW

—— Gross output MW

—GTouput MW  — ST ouput MW~ —— Syngas MI/m3N(LHV)

#1 Chinese Shenhua coal
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200 - e - - - - Gross Outﬂufmaxlmml ff =7 4.0 ;_,,'/
— ! S
100 |- - e R Sl S e A i i 20 g
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300 ‘ 6 %‘
200 | AN g NPT TN o BN b MR T
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| lar)
0 ‘ 4=
17-Sep-10 18-Sep-10 19-Sep-10 20-Sep-10 21-Sep-10

Stable power generation using various coals was confirmed.

TN T A TSR A P RS 8 2 o

Other coal types are going to be tried . & E#E%E#L77~
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No. 4: Durability mX#

The durability test was executed from June, 2009 to June, 2010.
>Total operating hours reached 5,013hours Z£:z 77/ '5/i%5,013// 1/

- Some shut-downs during durability test were experienced mainly
by the auxiliary facilities’ incidents as shown below.
A #E35ef 227 T — L2 p] 8, ZEFRE T 8— Ll LR
-Their causes were categorized as initial trouble mode.#Z#~ # 5 5%.

-Countermeasures were applied and no recurrence afterwords.
- RIS RS R

-Result of inspection on major facilities after the durability test
showed no unexpected deterioration or damage, still further
inspection is under way while checking the earthc#ake damage.
WA ABIEE 18 17 2 Ry A RE LRI, ETE A7 BB R

Item of Incident #i¢ji System

(DLeakage from Gland packing of Rotary Valve Char Recycle System
below Porous Filter i % &<

(@Trip of Slag Discharge Conveyor it itz | Slag Treatment System

@Leakage of Coal from the Pulverized Coal Pulverized Coal Supply
Collector ##t s asimut System

@Leakage of No.2 Extraction Air Cooler Tube Gasifier Air Supply

25 Fl S H g R System

(B®Leakage of Char Gasifier Burner Cooling Tube | Gasifier
UK ABRBEIR 5= 200 BV
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No.5: Economy £

Evolution on economy of commercial IGCC is under way based on the results
of construction, operation and maintenance of demonstration plant. z# #irz =

Power generation cost/kWh =
construction cost + opWost + maintenance cost +carbon-emissions tax
ﬂ @7\

MIGCC > PCF @IGCC < PCF IGCC = PCF IGCC < PCE

Economy estimation Z25% i}
(MConstruction cost is to be almost 20% higher than conventional PCF at
commercial stage. ﬁ.‘j’,@/&fé@@i&?{%ﬁ,’%‘ﬁdg 5 220%,
Cost-reduction in facility is under study such as reducing the components,
reflecting the various test results. [FFHFIEE 5K, AEDEIE RBES b2
@Fuel cost mainly consisting operating cost could be almost 20% lower than
PCF at commercial stage because of higher eﬁiciency.%ﬁ;ﬂzﬁﬁ@ﬁﬁ;?m%o
(@Maintenance cost is under study while conducting maintenance work in the
plant. ;’;/’/gﬁgﬁgjfft_zﬁﬁ A
Next year, we will conduct maintenance outage by law, which would bring
about the information for the estimation. 547 174 EFHE, ﬁﬁ‘;‘?@@ﬁ
B E 1B 15 /o
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No.5: Economy (Example of the required space)

Space of IGCC

_ 250MW
Demonstration plant
\GCCFEE T T ETH
Space of IGCC About 1140MW
Commercial plant (570MW X 2 unit)
BIAGCC T/ e EA
Space of PCF plant 1000MW
oL W i BT (1000MW X 1 unit)

The space of IGCC at commercial stage is expected to be equal
or smaller than that of conventional PCF plant.

BI/B1 BAGCC £ 1/ #9 o BT F it/ T3 i )~
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No. 6: Other item : operational capability

Load Change Rate /i £

400
= Gross Output
— GT Output March , 2011
300 B ST OUtpUt
S —~—
Z,
= - 0/ emm—
% 200 3% j‘\ 3%
O ~ =\ i ST
100 | [
0
0 4 8 12

Operating hours

Load change rate of 3%/min which is compatible with conventional
PCF in Japan, was realized by adjusting the operation parameters.

B HRBITER, 182 A EEZRE T AR FR 1 HIK TN 5,
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New Subject under consideration

Japanese government is now conducting feasibility study of CCS aplication
utilizing the Nakoso IGCC plant.

H AU B BT IEZEIT A 2R IGCCHL),  FFRECCSSEIEIRE: Y "l AT A 51

Wet Gas o GYypPSUM [gesressaseasas
Clean-Up recovery |: Out of
: boundary

............ 2N

y

\ 4

Coal

Porous . CO conversion | @ ! con
i ____facilit e 5
Gasifier Filter [ _C-_:— 6—’2' -------- J.'_'_'_y_'t_'. ______________ \-E-)i transport !

. separation T g
- _.and capture facility | i | storage |

Combustor § RS ]

{
Y
L (.:H Hse - Air e
—

. Gas Turbine Steam Turbine

Unburned
N/ \t coal — -
Slag -
g —
]! -
Air R Na
A—‘\ > HRSG g =
Air is utilized b4 Stack
for burning coal - —1 ac
N 0 Gasifier ¢
2 2 _ Boost-up )
A ASU |ASU of Air-blown IGCC Compressor
\ is relatively small.

Mainly N2 is utilized

for coal and char transport
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Concluding Remarks Z# %

® Demonstration test has been proceeded almost on schedule. Net thermal
efficiency(42.9%) higher than design value was confirmed, and 2000hr
continuous operation test and 5000hr durability test was finished.
HEi, BelTHIEEid FE Ao LI . X I F B8N o 93 E, L
T 2000 )] FELEETT, FHITHe T 5000 DI HITIA 87T BELSEE S, BT
BT EELE, LIHHTFICCCR/FPL

® Carbon dioxide Capture and Storage (CCS) is in the spotlight
recently. Although CCS is one of effective countermeasures
against global warming, the costs of CCS are still quite high and
applicable locations for storage are to be limited.

BRUTCCS (Carbon dioxide Capture and Storage. it HEINS 7
) R EEFIE, C C S EAE X BRI 1] T B 3T b —
AR ARG, T H TR 17HIH o 522 R 7

® Air-blown IGCC is to be a practical coal-fired power generation
system with the highest net thermal efficiency at this time.

FEYN T G C CRIPBTLURIL FE IR R F R
HAHBHFR S — BRI T AT AR S), TLE
BT B I AR BELLR T2 5 0F, AR IR, A MR,



Additional information concerning the Earthquake

Nakoso IGCC incurred severe damages mainly because of the tsunami
JRGCC L1/ ZE|F9™ BT FEXE ?ﬁ/ﬁrﬂﬁm
(strong jolts did not brlng about fatal damages to the facilities)

(BERE LIS HBBHIH)

Repair work is under way to resume the generation by middle of this July
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Accident in Hukushima Nol Nuclear Plant fg@%—wﬁﬁgﬂ@;

IGCC plant is located about 50km south to the Nuclear Plant

We continuously monitor the radiation level
DELL TR TIERIS0km S, B (M E S L IRETESKE, BIHAT N 1L, JLPXIGCCR B
So far, almost no effect around IGCC area

¢ (The value is around 0.1 u sievert/hour)

B i

Fukushima

Nol N.P.
y B E— s
IGCC

P
e |

oy
"'{,/ Tokyo
\’c’ i]‘\:'%':

T o, Y I

Radiation
indicator

USRS A

Copyright Clean Coal Power R&D Co., Ltd



//
f'j

Gasification
Asia Pacific

Home Page in Chinese HI3CRI¥Y

http://www.ccpower.co.jp/cn/
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Information on Clean Coal Power R&D Co., Ltd
W - Tyt /B B B 5

1. Date of Establishment £/ 447 : June 15, 2001 2001464 15H

Business Activities WA 2 -
Test and Research of IGCC through Design, Construction
and Operation of Demonstration Plant.
A SEAUF R BN IR TH ISR BT & ERFETT
AT T AT o
3.  Shareholders # % 44 :
Hokkaido EPCo JL#42E )= 7 Kansai EPCo K77/ 7] <7t
Tohoku EPCo %7t/ )zl & 7t Chugoku EPCo #7/[@ /11 (24
Tokyo EPCo # 5 H ) Hcz( &4t Shikoku EPCo /Y& # 77tk 7t
Chubu EPCo 7735 7tk <7t Kyushu EPCo 1/ 17 =47
Hokuriku EPCo JLA5 - 1 #ex( &7
Electric Power Development Co. #JEHF &k Hi( £ 7
4.  IGCC Development Coalition JGCC F KB
Above EPCOs + Central Research Institute of Electric Power
Industry (CRIEPI)

AL + A FATIRIF (CRIEPI)




Development history of air-blown IGCC in Japan ,

IS OGCCHEAELRALL EF15L Demonstration plant

CCP R&D Co.,Ltd.
1700t/d 250MW (2007 2010)

e

Pilot plant
IGC Research Association S
200t/d Equivalent to 25MW (1991-1996) &

Process development unit

CRIEPI-MHI 2t/d (1983-1995)’

CRIEPI: Central Research Institute of Electric Power Industry
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