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Fig. 1 Trend of World Electricity Generation
(World Energy Outlook 2013)
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Fig. 2 Typical Flow of Coal Power Generation



Vol.42 No.4 2014.7

A& L SR DGR NS DE)E 263

HLRVETZ Y=V T v 7ENDL, ZOEFIZTTHE
B 2 CNOx % 70 L, IR\ TR T 3 e TR EE
ZBENEE P L 72£140C K VDO H R L 7% - TER

EREMIIADL, SZTII9A4 T v v aERRY Bk,

it 2 E TSOx & WX L CTHEZE 2 & KA S v b,
IS ORI L VP ARIE TN KRG LWL D
I LL Iy bo— L Eh, WD TRV E 25T
Wb,

CO—EDOPH AD 7 ) — T v TikEL, FAED
FTRCOFEBHARAIA FIZLTRESINTVDED,
PRI RAUSERE SNTICRUBOPET AN Z0 T £
B EN TV B EIZZ W,

PAETIE, HERIRBRALOE T dH 5 CODHIIR b L%
Lo TETVEA, KRRGHWE L CODMHE OHEL
U A EME Y —va—F 2 a3y — (CCT)
ERBRL T2,

B 3 IZIECCTOHRZRT A, HEKCCT & Bt =
Bifii 722 EORKFE G KA BIR L Tnieds, BFEE3EL L
ACCT L IXCOMIIK % H Y L 72 Mo ERIRBR AL 5 % k5
VRN A

COMIPNIIFEBAYFTEZLE L CHRMEREZ M S T

) —a— )LEE
1
[ |
RERBEAE HhBREER b X 5
1
[ |
—{ENO xtRHE = XhE/E CO %> it [ 4R
I—I—l
— REEE fMBEAH HRIE ith T S

— BiREE Lsc/usc L (clele
A—USC IGFC

— REXE
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8 BE R®E 300 2014 AR
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10 =N RiFy—IILozy 170 2017 Ak
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Fig. 6 Carbon Capture Technologies developed for Coal Power Generation

Table 2 Boiler Capacity Operated in Past Five Years? (MW)

2009 2010 2011 2012 2013 Total
1 China 72932 81051 71340 48917 44280 318520
2 India 7913 16951 24038 40036 29818 118756
3 USA 3564 3832 2517 3590 900 14403
4 Indonesia 660 2501 3865 4591 1170 12787
5 Germany 98 750 2680 4113 1700 9341
6 Vietnam 0 450 1230 1800 2444 5924
7 Turkey 600 3720 0 0 4320
8 | South Africa 0 0 0 0 3980 3980
9 | Netherland 0 0 0 2740 800 3540
10 Japan 600 900 0 0 1600 3100
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Table 3 Order of USC in China? (MW X Unit Number)
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Table 6 USC in Japan which are operated after the year of 2000

SIS EAE I IMW F S IIMPa A ETC JEL B G /)]
1515 700 24.1 566 / 593 00/ 6
s 15 1,050 25.0 600 / 610 00/ 7
BHE 25 700 24.1 593 / 593 00/ 9
W5 2 5 1,050 25.0 600 / 610 '00/12
M1 5 360 24.1 566 / 593 01/ 7
HE 45 1,000 24.1 566 / 593 '01/11
WREE 4 5 700 25.0 600 / 600 02/ 6
5 5 1,000 24.1 566 / 593 '02/11
WPl 5 600 25.0 600 / 610 02/ 4
X275 700 24.1 593 / 593 03/ 6
HWREIRBT 1 5 1,000 245 600 / 600 '03/12
N 600 24.5 600 / 600 04/ 7
WS 1 900 245 595 / 595 04/ 8
B2 600 25.0 600 / 620 09/ 7
B2 900 24.5 595 / 595 10/ 8
LY 6 5 600 245 600 / 600 '13/12
IR 2 5 1,000 245 600 / 600 '13/12
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Fig.11 Efficiency of Coal Fired Power Station in the World
(Higher Heating Value Basis, Net)
(IEA Electricity Information 2013)
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Fig. 3 Transition of Steam Condition in Japan
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Table 1 Steam Condition of Isogo Coal-fired Thermal P.S

MSP MST RST

[MPa] [C] [C]
Old #1,2 16.6 566 566
New #1 25.0 600 610
New #2 25.0 600 620
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Table 2 Environmental Partnership Agreement with Yokohama

New Isogo #1 New Isogo #2
Sulfur Oxide 20 ppm 10 ppm
Nitrogen Oxide 20 ppm 13 ppm
Dust 10 mg/m°N 5 mg/m°N
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Fig. 8 Cross section of boiler of Isogo #1
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Table 3 Status of biomass mixed combustion initiative
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Fig.1l External View of EAGLE Pilot Plant test facility

@ Coal Is gasified and converted Into combustible gases (Hz, CO, efc.), and used as fusl
for gas turbines.
® Produces steam using exhaust heat from gas turbines and heat from gasifier.
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Exhaust heat recovery boiler
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comversion of CO in the combustible gas to
€0z and Hz via a shift reaction. u
Shift reaction ot
@ A catalyfic reaction that produces COz and H:
when eater vaporis added to CO. (0 separation ond caghure

Fig.12 IGCC and technologies for CO; separation and capture
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Fig. 1 Capacity of Coal Power Plant in Japan®
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Fig. 2 Concept of A-USC ©®
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Fig. 3 A-USC System Configuration®"
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Fig. 4 Tube and Pipe Size and Operating Condition"®
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Fig. 5 Rotor Size and Operating Condition'®
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Fig. 6 A-USC Development Tasks?
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Table 1 Boiler Candidate Materials®

. - Application
Material c i
eral omposition P|pe Tube
HR6W | Ni-based 45Ni-23Cr-TW Header,
HR35 | Ni-based 50Ni-30Cr-4W-Ti Main steam,
Reheat Steam, Super

Alloy 617 | Ni-based Ni-22Cr-12Co-9Mo-Ti-Al

Alloy 263 | Ni-based

Connecting pipe | Heater,

Ni-20Cr-20Co-6Mo-Ti-Al

Reheater,
Alloy 740 | Ni-based Ni-25Cr-20Co-2Nb-Ti-Al
Alloy 141 | Ni-based Ni-20Cr-10Mo-Ti-Al
HB-9Cr Ferritic 9Cr-3W-3Co-Nb-V-B
Header, Super

Lc-9Cr Ferritic 0.035C-9Cr-2.4W-1.8Co-Nb-V Connecting pipe | Heater,
<650°C Reheater

SAVE12AD | Ferritic 9Cr-3W-2.6Co-Nb-V-B
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NZNE# %> Twb, FENIX-70013 % 2 & — ¥ >~
T4 AZIZE E R TV % Alloy7067 5 DB TdH

Table 2 Turbine Rotor Candidate Materials®-*!

Temper-
Materials ature Weight Development Target
Level
Ni-base material heavier than 10 tons
FENIX-700 700°C >10ton )
without segregation
LTES 5700°C 30~40ton 10 ton Ni-base Tatenal with good
5 weldability to steel
L}
Ni:10ton
+
5 Steel: 20~30ton 10 ton Ni-base material with good
T i .
oS 120 Weiding weldability to steel
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Fig. 7 A-USC Road Map"?
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Fig. 8 A-USC Project Structure'”
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Fig.15 1,000MW A-USC Turbine”
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Air-blown coal gasification
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Fig. 1 Rankine cycle and combined cycle
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Fig. 7 Sectional view of M701F4 gas turbine
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Fig. 10 Bird's-eye view of IGCC demonstration plant

Table 1 Specification of IGCC demonstration plant

Capacity 250 MW gross
COnS(l:l(l)'l::)ﬁOn approx. 1,700 metric t/day
Gasifier Air-blown & Dry Feed
System Gas Treatment Wet (MDEA) + Gypsum Recovery
Gas Turbine 1200 deg C-class (50Hz)
Efficiency Gross 48% (LHV) 46% (HHV)
(Target Values) Net 42% (LHV)  40.5% (HHV)
Flue Gas SOx 8 ppm (16%0,
Properties NOx Sppm basios) 2
(Target Values) - p, iculate 4 mg/m°N

FERERABR L LT, 20084F 9 H 20000k ] 8 e & iz &, )
e, RAEZALIAER, EiKER LR (B O EREE
BR) 24T o 720, 20104 6 HICUE, KA AR5
(BN OfERR) 2344 H B o 4E i R FE50000F 512
F)E L 726

—H O EFL AT, HELL LCw Ok o E ik
@# Ry, QBREEMERE, @RFEEGTE, ©77 v ok
FHEIZOWT, WINHEREERE L 72

F2ICERBOHEE R E2RT, EEWHD
250MW, % EImRhEE429% (LHV) 256 h, -
ANEAICFEEZ TSR T 5 2 & MR L7z BREE
fEIEETHE %2 Rl 2 8D T RIFLFHREH/TBY, 16k
TR K ITFEEIHARE VBRI S Lz F 72,
ARG TR R CTHh APEIRIED E XY, Zh
VM DAL R A >~ K ¥ 7 TREH S 5 K GA o Hfi 5
HRIZDOWT HZE L7 BRI RETH 5 2 & %1
AL

IGCCHEF#IE, ST OFERBEEE L TETOR
BRIHH 252 7 885 & & H10, BHEREHNILER T —

FIEETHONZZ L 520134 3 AK%E D o THER
AT L7z M4E4 H 1 HUREE, 250MW % 75774
WhE LTS AL, F2E ki X 0 IGCCH:
iz S HICHIEI T E VI OO HWL S, #
ALK FIRDSFER A2 DI E MY, WRFEEI0THEL L
TR Z G L, MR RITI R E L3917 ] %
FERCL, R R R A ) A BT L 72

Table 2 Targets and results of IGCC demonstration plant

Items Targets

Results

Safe and stable operation to be

System Safe
ystem Safety verified during start-up,

and Stability

Stable operation at rated power 250MW and safe
shutdown were confirmed (2008/3)

operation and shutdown

Emission concentrations at
IEnvironmental outlet of stack
Performance | SOx:8ppm NOx:5ppm
Dust: 4mg/m3N
2000-hr continuous operation
Reliability | (equivalent to 3 summer
months)

Emission concentrations less than target values
were confirmed (2008/3)

SOx:1.0ppm NOx:3.4ppm

Dust: 0.1mg/m 3N

2039-hr continuous operation (2008/9) ,and 2238-hr
continuous operation(2011/11) was achieved.

North American PRB sub-bituminous coal (2009/2),
Operations using multiple coal | Indonesian sub-bituminous coal (2009/3, 2010/9),
types other than the designed Colombian coal(2011/10) ,Russia coal (2011/12),,
coal (Chinese coal) Indonesiancoal(2012/1),North American Signal
Peak sub-bituminous coal (2012/10)

Net thermal efficiency of 42.9%( LHV) was
achieved. (2009/1)

Fuel
Flexibility

Thermal Net thermal efficiency 42%
Efficiency | (LHV)

* Total of 5000-hr operation/ year was accomplished.
= No fatal damage of equipments were found by the
Durability of components and overhaul inspections following the 5000-hr
auxiliaries to be examined by operation.

inspection after 5000-hr * Large earthquakes, measuring lower 6 on the
operation Japanese intensity scale of 7, caused no serious
damage to main equipments.

Durability

This verified their high earthquake resistance.

Evaluation of economy of
commercial IGCC by the results | There is a possibility that power generation cost of
Economy | of construcion, operation and IGCC will be equivalent to that of pulverized coal
maintenance of Demonstration fired power generation.

Plant

Operability equal to conventional thermal power
Operability required as thermal | plant was confirmed (2011/3)

power plant (startup time 15-hrs, minimum load 36%. load
change rate 3% min etc.)

Operability

5. IGCCOES#EDEEA

Y TiE, BRKREXIGCCORM AT v 7 & LTAAE
DH AL —¥ %\ 72500M Wik i i B o fE ik £ 7
AR L EINAA O B % 5HHl L TV 5, 2 3 1IZIGCC
T L RO T EE oK%, X111ZIGCCH H
OB 2R3

7 ACIE D F A, FEREAR & BRI RE ARG B 5K

Table 3 Specifications of the IGCC demonstration plant and
commercial plants

IGCC demonstration | Commercial plant

Items Units plant (50Hz / 60Hz)
Gr(z)ss Power | 1w 250 540 / 460
utput
Type of coal - Bituminous Bituminous

Sub-Bituminous

Gasifier - Dry feed, air-blown| Dry feed, air-blown

Gas cleanup - |Wet desulfurization] Wet desulfurization

system
Gas turbine - M701DA M701F4 / M501GAC
Net Power |,
Plant efficiency % LHV 42 48
Start o f - 2007 2020, at the earliest
operation
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Fig. 11 Bird's-eye view of IGCC commercial plant
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Table 1 Specifications of the modified plant

Output 30MW

Coal Callide Coal

Boiler Type 2 drums w/o Reheater
Steam flow 136 ton/h
Steam Press. | 4.31 MPa

Steam Temp. | 462 C

ASU  (Air | Type Cryogenic
Separation - B
Unit) Capacity 330 ton/day x 2 units
Oz Purity > 98%
CPU (COz | Type Cryogenic
Purification - -
Unit) Capacity 75 ton/day x 1 unit
COz2 Purity > 99.9%
CPU
il H:0 remover GRF

Boiler

bin

Fig. 5 Flow diagram of CPU?
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Fig. 8 General view after modification
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Fig. 9 Trend data during combustion mode change
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Fig.10 Photos of flame at oxyfuel combustion
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Fig.11 Heat absorption at each part of boiler

3.3.4 HEAZAMRB L VIRFRES

BI1213 AR T 2 COMEER R L72b D TH S, K
4 ZIFAFETEEZELTVWL I EDD, RRNDKKDH
AZEVCOHRENIMET T 55, K7u Y=z s b TS
BeOXF I S 3, AR OFRTEHIRE R S COLRE
ZFHL, ZOMREEZITo7. FHMEIZT0 dry% Th 5
A, BURT EBY, @l (30MW) (2B W Tl
EBDICR->TwD, —F, AMar FIF5I2 L7225
HARDWRAT %720, MR DT A A8 2
TCOMEIFMET LT 5B, EFLICB VT, AfIC
EHFTEVLRVTCOMENLET S L9, FHHER
TRAMAMIL KA EET 52 &L THIGTHETH %,

M13B L OH141%, ZNZFNAMICHT 2NORES
L UONOEER R & HIT, Z2IRBERE Ol & BRI
WERF DM Z I TX 5 X912, FW—COsikE (12%) T
BWE LR LT b, BEERBER TOHRENOMR

80

u.’J)ﬂ\Jiﬂ“lringJ
70 @ Oxyfiring 1_.
«oe
. 416
= o
£ s
8 40
k]
S 30
(o]
L
o 20
0 00 o®POO | O
10
0
16 18 20 22 24 26 28 30
Generator (MW)
Fig.12 Heat absorption at each part of boiler
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Fig.17 Unburned carbon in fly ash
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Table 2 Properties of COz !

o . LP Scrubber Product
Composition Unit
Inlet Outlet COz
H20 mol, % 19 - 22 5-17 <20 ppm
O2 mol, % 3-5 3.56-6 | <30 ppm
CO2 mol, % 50 - 57 58 - 67 >99.95
CO ppmv | 20 - >200 | 25 - >200 <10
NO ppmv | 500 - 700 | 580 - 820 <2.5
NO2 ppmv 20 - 40 nil <20
SOz ppmv | 800-1000 <10 <0.1ppm
S03 ppmv 10-15 <0.1 <0.1ppm
Na(+Ar) mol, % Balance | Balance trace
He ppbv | 0.3-0.5 [0.04—0.1| <0.0002
pg/Nm? | 2.7-49 | 0.4-0.9 | <0.002
Particulates | mg/Nm?® | 150 —250| <0.02 nil
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Table 3 Specifications of the subject plant

Gross Output/Efficiency(HHV) | 500 MW / 45.7%

Net Output/Efficiency(HHV) | 345 MW / 31.5%

Boiler | Type Variable Press, Once-
through, Reheat

Main Steam Press |25.0 MPa
Main Steam Temp. |600 C
RH Steam Temp. 600 C

ASU Type Cryogenic
Capacity 4800 ton/day x 2 units
Oz Purity 96.5 %

CPU Type Cryogenic
Capacity 6450 ton/day x 2 unit
COg Purity = 99.9%
COz Recovery Rate |98%

CO2 Phase Supercritical

Pipeline |Length 140 km

Storage |Storage Rate 2.5Mton/year

Fig.19 Bird eye’s view of the power plant studied
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Fig.20 Unburned carbon in fly ash
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Fig. 4 World map of large-scale CCS projects®
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Fig. 5 Mass of COz potentially stored by large-scale CCS projects
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Fig. 6 Facilities of the Tomakomai CCS demonstration project!
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Fig. 7 Geological cross section of the Tomakomai

demonstration site®
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Fig. 8 Schematic diagram of nanosized COz geological
sequestration
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Fig. 9 Experimental apparatus
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Fig. 10 Time variation of CO; diameter distribution
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over time (spatial resolution: 20 #m).
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Table 1 Definition of low rank coal

X—T— KN ARk, EEIRE, RA T, CeBk, ke
Low Rank Coal, Prime Mover, Boiler, Refinery Coal, Chemical Product
®s
FEAHAENCBWTIE, HHREDSR S NUF M & ATk A H E)

FTHLRRKAA LI LT, HsRAENEIMEL, 5o, i
Wb LizhiiiE, GHhEDEELIANVF—JITH
bwnzb, LaLl, ThETELMBHIN TS K
g, BFEENRALTETEBY, /2 EREICBY
BARFEEDOIERIZE Y, ZEMZMRHIHL 2o T
ETWh, TOX) BUROT, MR 85 2N AL
ROFHIERDBBEE L 25T b,

LR DOFIHIC DWW T, S E CTHMBRRPUCE R
DN D THE A& DRRET R FZAE B ES 23T it S T
ETWV2A, BESORHIMEHEAR < SR E L & 5 008
HLVWRRICH S, F72, FIMHEOEWIKE, SHEK
SRA" A (SNG; Synthesis Natural Gas), JRZE, x %/ —
WVEOBGOBEIZIONT O L L DM S, F3¥
AEDOWREEDFESR SN TE TV DA, IS ORI
R LTI s iob btttk TI A 7Y
UHTETHEICE > TR VODRBIRTDH 5,

ARIFFTIE, ARSI R A B ASE IR S W E
KWz, BB E EV R AT VOB, SHRAESH L
TeWNEZHmET 2,

2. E&ALx OF AT
21 EBERUEROEZEEERE

ZIT, Bk OEFRE LT, EESTFITBVWT
FEN—ZATHH IR TWRWARE, T 723 EEREmIC
BoTWRWAREIRT. TOBRIIENCL > THREY
W L7238 e vas, — B3z iaE 2 B4, M

HheeBmElaIns, £1ICEHHEYE, ECBT LK
i hL R DEFRE R T,

FENCBIT S, AROEHRER2ITIRT, HREOH
BEIROW, W Rk OEHREIORE, 7, W,
ZNDB LD, L, KA, M, KREFIKELRE
AR, WEH Rk &2 &b b kix, it

JifRsets 20144E 5 H16H
* 1 () P pov¥— - EERAR AR B
T212-8554 JIIGFT=EIX R EMT1310 3 = — 41105
M I NVFT—19F

m General term of Lignite and Sub-bituminous coal

m Heat Value is under 23.9MJ/kg(Dry Mineral Matter Free),

IEA Volatile Matter over 31%(Dry Mineral Matter Free)

m |n eleven countries (Japan, Australia, USA etc.),
Sub-bituminous coal isn’t included in low rank coal.

ASME Heat Values is under 2.44MJ/kg

Indonesia Medlu_m (21.4~25.6MJ/kg) and Low (under 25.6MJ/kg)
by national standard correspond

China Under 24MJ/kg

Table 2 Amounts of resource of Coal in the world?

(Unit Million tons)

Bituminous Subbitu-
Country | minous Lignite Total Ratlo
Anthracite
Coal
Coal
27.6

1 108,501 98,618 237,295
2 Ru55|a 49088 97,472 10 450 157,010  18.2
3 China 62200 33,700 18600 114500 133
4 Australia 37,100 2100 37,200 76,400 8.9
5 India 56,100 4500 60,600 7.0
6 Germany 99 40,600 40,699 4.7
7 Ukraine 15351 16,577 1945 33873 39
8  Kazakhstan 21,500 12,00 33,600 39
9 South Africa 30,156 30,156 35
10  Serbia 9 361 13400 13,770 1.6
11 Colombia 6,366 380 6,746 08
12 Canada 3,474 872 2,236 6,582 0.8
13 Poland 4,338 1,371 5,709 07
14 Indonesia 1,520 2,904 1,105 5,529 0.6
15  Brazier 4,559 4,559 0.5
16 Greek 3,020 3,020 0.4
7 | RS, 484 2369 285 03
18  Mongol 1,170 1,350 2,520 0.3
19 Bulgaria 2 190 2,174 2,366 03
20  Turkey 529 1,814 2,343 0.3
21 Others 6,775 3056 10,977 20,808 24
World total 404,762 = 260,789 195387 860,938  100.0
RO RGERD5B% % D TW5h, 72, BH R & M

BEDOWERAEFUNLTHAE, BT R &5 O W ERAE 013188
EEENTBY, WEERMD R WL R 2 BRI H)
AT 2D ERDMERDERTHIETD 5o

2.2 ESLRFIAKMER

b R HAM %2 033 5 &, arsl (i, Bolk,
Y, wAkb), BREE AL, WAL TE S, H
ADED A TEIEMFAFTED S H, "fay bTF
FRSEHIL TS Y MW BB ATy 7 b
FINRT . B, WL EOREREAR, TERSE
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Name of Technology

Example

Leading Company

Development Status

Adapted Coal Class

Final Products and

Use

Main Task

Trend of Technology

Coal Washery

NAGATA

Table 3 Technology developments of low rank coal

Technology Field Pre-Treatment Combustion (Power Generation)

Drying

STD
TSUKISHIMA KIKAI

ENGEENRING Co.

Commercialization

High Ash Coal

Low Ash Coal
Low Sulfur Coal

Scale up

Dry Washery
High Yield
Using of Waste

Commercialization

Lignite

Briquet

Pre Treatment for
Combustion and
Gasification

High Energy
Efficiency

Energy Saving
Technology

Upgrading

UBC
KOBELCO

Finished Pilot Plant

High moisture
Lignite

Buriquet
Substitute coal
Fuel for Power
Generation

Process
Simplification
Cost down

Applied to USC
Boiler

JCF
JCG Corp.

Pilot Plant

Lignite and
Subbituminous Coal

Fuel for Industrial
Boiler (Substitute of
Heavy Oil)

Cost down

Apply Hot Water
Treatment to CWM

Pulverized Fluidized Bed
ion (PC) C
PC CFBC
RWE Corp. Foster Wheeler

Commercialization

Lignite

Electricity

Energy Saving

Coast down

High Efficiency by
pre-Drying

Commercialization

Lignite

Electricity

Cost down

Scale-up
(300MWclass)
Flexibility of fuel

Hypercoal

KOBELCO

Basic Research

Lignite

Binder for Coke

Process
Simplification

Focusing to Solvent
Extraction Process

Technology Field Coal Gasification Coal Liquefaction

Name of
Technology
Example

Leading Company
Development Status

Adapted Coal Class

Final Products and
Use

Main Task

Trend of Technology

By,

FEINTEITHY,

Fixed Bed

Lurgi, SASOL

Commercialization

FT Synthesis Oil
Scale up

Large Capacity
High Pressure

ki

Fluidized Bed

TIGAR

IHI

Pilot Plant

Entrain Bed

MHI

Commercialization

Lignite and Subbituminous Coal

Chemical Products

Cost down

Diversification of raw
materials (Co-firing
of Biomass)

B L RIVICETE STV 5D,

2.3 RERMNBERNL

2.3.1 REHIMN
i fz iR D
(18R

R IZOVWTLUFIZ
Z Wi (PC : Pulverized Combustion) R4 5

RF AT

IGCC,SNG,
Chemical Products

Cost down

Large Capacity
High Efficiency

a—2 24k, ART AL, A RO A
BERINTVELDODEOHD

B 5,

RIGIKRLE MR EH % L, HITISRT L)1
TXVITRHRTHA FBAM 2 T 5720, B F’i’ﬁ
BEHFREH DR ZICHLTAERZ RS (K

BB Bo

CIEIREDA

i @ Lignite & Brawn Coalld \» 9" 11 & # hie

DT L THY, LignitelX ASMED 4 # TRETH W 5

BCL

NBCL/BCLV

Pilot Plant
(50t/d)

Lignite and
Subbituminous Coal

Hydrogenate Middle
or Heavy Oil and
Residue Oil

Cost down
Low GHG

Direct

NEDOL

NCOAL

Pilot Plant
(150t/d)

Bituminous and
Subbituminous Coal

Middle or Heavy Oil

Cost down
Low GHG

Exxon Donor
Solvent (EDS)

Exxon Research
JCLD

Pilot Plant
(250t/d)

Lignite and
Subbituminous Coal

Hydrogenate Middle
or Heavy Oil and
Residue Oil

Cost down
Low GHG

Indirect

SASOL

SASOL

Commerecialization

Subbituminous Coal

FT Synthesis Oil

High Energy
Efficiency

Reduction of GHG

P RAE & BBy B RBERART 131930448 N A 7 THEHML S

n, To®z

Iz

bEASIN, EMZ FA YRWE

HOBIZR 21280 KTDEWEHERA T O LRI
BET A CTHIE LIS S, 79 v 230V (HHWVIiZ

v—%—3

Wb,

(HEIRRENE

CFBCix

Air heater

FD fan

=c

V) THRAEEL Ty =T

A

o

ELMEE T

Reheat steam pipes
Main steam pipe

W Lignite bin

A
i Feedwater

Ignition
fuel

)
Jugmte mills

‘:_[ A:h removal

Fig. 2 The outline of lignite firing boiler®

K42 (CFBC : Circulation Fluidized
Bed Combustion)

, IKIT DR RV IK G DA R BRBE E L

1, Brawn CoallZISODXFRT, KM, ZIMNTHWSNAS,
KEDEDWE HATFEER D R A THERITR RN E v,
D 3 13 15W
s J
?lf_ MK

Brown Coal

Bitumi Sub-Bitumis Lignite

Fig. 1 The change of boiler volume for coal kinds®

TRBEECTH o HERIINRD S DB 7205,
R 3R T X9 R400MW O KEVEBRE g A 4 F 23
BmLCTHY, 800MW D& R [ F 1 D% b tat
ENTwb,
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CFB BOILER DESIGN DATA

Output MW, 450

Steam Flow Ko's (SHIRH) 3601313

Steam Pressure bar (SHIRH) 27850

S TRy *G (SHIRH) B65/580

SCHEDULE

Contract Signing Decamber 30, 2002

Engineering Release March 1, 2003

Mechanical Completion February 28, 2006

o 1al O . " ber 30, 2006

FUELS (as received) Coal Coal Slurry (max. 30 %)
Performance Range Range

Sulphur % wt 1.2 06-1.4 0.6=-16

Ash %wt 23 10-25 28-85

Moisture % wt 12 623 2745

LHV Mikg 20 18-23 17

Fig. 3 The design data of large CFB®"®

(3 AmH XLEEHE (IGCC : Integrated Gasification

Combined Cycle)

IGCCIE, K@ RGO AT 2L W T w5
B, KGHET ED LIKOERPEHICLE21300TC ~
1500C DIRBEDHEFEFTE % { e b 728, 50%LL DK
R B CY AR A 3 IR UL/ R

2.3.2 RIALIEH

i lE, IR, EKGThH D I LSz OH
WPEDILFEE %2 B EH % L, THICRIKG EBRET 5
Wi, Wk R ILCARBRBEED oD OWE, W
B EDT2OKATY) LT 20N EEN 5,

WRIZOWTIX, S FE TICE L OFBE M T
T&THEY, ZoPIEBEFETHEICRMMEI AT
550855, Fa—T 74 Y=, ARSLNA T~
RGO L U CRERBE TR MRS TEB Y,
HATHHAABIE - b L Twb, ThiZid, A
KT 2 —THNEN, BEXRDPAEM%Z R 5 Coal in
Tube Dryer&, ZFDHillF 2 — TN EELKITNA R
DIAAR 2 L 5 Steam Tube Dryer (STD) @ 2250
TEF DS %o STDIXH EFEM AT 4 12783 %18 % 74 i
L CTWwb,

Fig. 4 The structure of Tsukishima's STD

T/, REEEHVS LR, Bilk$ Ltk Tk
%UBC (Up grated Brown Coal) il b B3 ST 5%,
Bl EAT & LCid, Fik&BRIEOE BRI THKEY
b L, ANERIKG ZRERE LIRS bR vaRE

YEBNAN—=T =N H3d 57,
e e % Wk 3B 55 7 CWM  (Coal Water Slurry) (2L
THHT 2T, HEFBMEEZIT-> TWw5]CF

(JGC Coal Fuel) Biftrdid %o M 5 18 jie DK 5 H
50%~ 60% Td H, CWM®D K HEFEL0% I BiKT %
728, 2 F1) —Abo#dfECThAKT 2 HMEHVTWEE,
AP IZNEDO &£ JOGMECO #iFFH ¥ L LT, K51
MY LA ¥ FAR Y7 T750kg/h (Ropedkie) oHGE
T ML TS, ©

Fig. 5 The demonstration plant of CWM

2.3.3 EZHRZOEK

15 D A AACIE IR DI N T2 T RIS B R i &
TLhIF27200 ANV F—HED, BEFRICHEREL,
ZDF FTIEZUTHA ) B 3R 0 WRBED A i it H g
MU720, WEPHEC LI EDDH D, D7D,
LI AN DI HE IR AT 9 WEED D Do FIKTTIRD
FHOBINED 1L, K ZHE S 2 WK (Hitk &
DE D) A AEEML A A RERI A~ DIK DfF 7, HEFE,
TALICERB T 2 LENDH L. ZDRDIKEED SRV
g A AL E G A ACEAR AR EE R 5N, C
WO DEMTH AL E NI R A & R LT
mANOFEH (SNG, 7Y E=7, KFE, A¥ /) —)LE%)
MR SBEF ST & 72,

N FE THEMES T & AR AL R A AT & LT,
i %€ ] A AL )7 o K EDakota Gas Co. A3 DLEBIT
Hb, /=AY aFMNOE K% LurgilF £ @I TH 2L
L, BRRERAAX (SNG) ##iEL7z, /—AF a5
FEDIKITE368% T, L LTIk b, 7z,
[ 22 Jeg A7 ZALKF I Z K5 DA kT b B B 7% O THZ
B SR TREThH -2 b D Bbh b, BEPETH
i SN TV BSNGEHGEER D S OBAEZRH L T2,

B 2 CTl&, High Temperature Winker-HT WA
WX BB N A Y CEI NIz ARIZTA v HH
D TR HH0 ~ 60%TH 5o mBIE» AL KD
DECARE A ALTE T TH LA, TORETI,
e e e o S E R =18 % F 721325% 12 L TR L T v
%o

MR A AL TldShellfi & E-GasFi D FERED D 5o T
TR TIXI300C L IME L CIKEBERSE5 DT, A
B DIRGDP 01T ) D FE L, Shelllfi THIW 72
Fld T Y AT, K531%TH ZLIFIC1313% %
TR LT ST b,

FASE O e A AACIFEBRBENF & A ALK & S5 7,
ZEMEEER AR TH L, ZEET (BEMHPS) KT

Download service for the GTSJ member of ID , via 3.144.13.226, 2025/01/16.



320 1R L e I P He it
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IGCCHREAER 2 20134E 3 HIZH T L, 4 A S5 H
HIIZA>TWA, LaL, EPNICHE I LFER
M 2L T E O g, WOk ORI E) 12X
NMEEN TS, LaL, IhOHMEOKITEMIE, &
BERLEEE Y, 2 RIS, 3 X b, KRERLETE
TLLEREINTELY, UEORWA DS, FriZthR
DEHNIKRGFDEAEEIZIE, TERERKR TR AR E

EEEE I L KRR O OO USSR TH ZLT 5 DT,

ARMEIRICEDbERFER L R/METE 2720, KiTT5
HALIFIZ K HERT 2R E L TE D, D720
ROEURELGZEL LTHO A AETE W HEELDH D,
BB O Re L 2 b L P IN L,

MHPS?SA Y FA YT DAR NS BETHEF LTV
BRI SSNGEEL 7OV 27 P26 ICRT, 2D
TuYs FTi, HEH SN 5CO% #iiE M H OEOR
(Enhanced Oil Recovery) WA Z & & MaFLTw
b0 AR T EIIIRKILA K IZT ¥ TR TORK
HANRAL T FA4 vHHY, Wik L7-SNGEHEDO Y ¥
ANTERE THETEHA VT I0ESTW5b,

SNG Plant

€02 Injection

Fig. 6 Concept design of Indonesia SNG project'?’

JIEETIZE 7 R TEHI25ME s M) 7HERZ
AL CTRFEZ B L, WIbKkFESY » 7 —CTHRIZH
HELTC, BAEBEOREIRLCIHEBEHRELE LTHYS T
Uy MEREL TS, KEREIFIZIHEL72CO;
ZEMHCCS7a Y = 7 b dCarbon Net TR H O HF
KR 2500 T, @R»HCO2FHEZIELT L
% {OKFEOBAGDTHE L 72 HEHEITdH %,

Australia lapan
Use in pcomus

and solar cell produ:tinn

Low-cost b roducti
A CREt YR rogR Fptctan l oil refining and desulfurization

from brown coal

- Power plants
ol Combined cycle
power plants

Liguefied _
. — | hydrogen aqul —
e trucks %H msmwemius.

o | Hydrogen Liquefied gas turbines, boilers,

Brawn coal

Gas Refinil rig. €0; |jquefaction hydrogen can nm| fuel calls
& Purification ¢ TR

CarbonNet hydrogen |2 m Hydrogen cars

tanks {Fuei Cell Viehicle)

& storage Liquefied

drog; i ydrogen Transport & Storage

Hydrogen Use

Fig. 7 Concept design of Hydrogen chain project™

2.3.4  HALHdi

B B 2 M ow 72 i b $ i 13BCL (Brown Coal
Liquefaction) #EASEM TEIE I Nz 2O 70t 2
1) ESRICE TN KD ERMICRET L7200
AT ) —BiAKTH, 2) @) €54 Mtz Hw:
WALTAE, 3) Wftiirho~Fofbta&Y (EmELtaw,
CEFEWE) 2N B TEMEO AV ) - Bl
A% aB57200KECTRLT4) ARPOKGR
TN 72 fillilt: % RPN S 2 720 O BEAIUK TR 4
DOOTHETHE I NG, HEBUFHHIOb & TEIE
n, sfuy V79 bodllxg il L TRILEET T v
MNERICUDELR A —NVT v T T8 OHIRR 77~ b
BED ) oy ZBE L,

2.4 ZEOERRFIAZ—-XEMHHRR
241 EREICHTIHEMT=—

AR IS B 72 ) OBk I X R ARV OT, K
P B AP (& R e [l D e BRI TE T b I B & & AYRE
WTHHLEZOND, RE L% §NTHS 5
Babdoh, ENICHSEPHTEEDLZEL, 2D,
SRYMNT 2 2 P TFHREINTVLEREO T AL F—
WERICOHBARETH D, L 0 HHELOWRETEIZF <
%%

Z 2T, ERETOSRMENFLINDLEAMIZONT
L EKAIR L7, "=— X" & LTIERITRT Hfr
ZEZ, EINC=—Z0mE 2 ISHE L7z.

Table 4 Demands for LRC using technology in each country

IT tralia China | INdO- | Vietna | Mon- | . USA [Colombia| South | Mozam
nnnnn m | golia Africa | -bique
Coal ) )
Wa:hae,y Middle Middle | High | High High
Drying | High |Middle| High Middle| High | High
Upgrading | High |Middle|Middle: Middle
cwm Middle | Middle
PC | Middle | High | High High | High |Middle| Middle | High [Middle| Middle | Middle
cFB High [Middle: Low | High High | High |Middle
16ce Middle |Middle Middle| Middle |Middle|Middle|
Chemical . " L . "
product High | High [Middle Low Middle High
High | Low Low | Low High
Coke High | High Middle| High |Middle High

2.4.2 HAF S h 3HiEREOHR

AL 5 D 175 P A% 24 R AR S L R AR 12 & 0 fe b o
ATERAZ, 203042 & 1 T E 9 & AR MRS AT e i 2
Mg Lice FEINOEBAT RO T T YA HEA 2
RSN DRI TEEN S HRBEL R L E2 K8 I
Ko b TL 5N V/AE, L0 0T b
Y AEOBIET B IIRE S N5
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B Australia B China B Indonesia OVietnam B Mongol
Bindia B Russia M Germany W Poland BUSA.
B Colombia BSouth Africa @ Mozambiue

2,500

~
=)
S
=)

1,500 A

=
=)
=3
=3

=
8

Market Size [Million Tons/year]

=)

Washery ~ Drying  Upgrating PC. CcFBC I6CC  Gasification  Indirect

Fig. 8 Potential Market of low rank coal
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Zo7uyxy M, 19700 flifa bk 2 2RI
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Fig. 1 Wood Biomass
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Fig. 5 Burner System
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Fig. 8 Boiler Model for Computer Simulation
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Fig. 9 Volatile Matter and Flue Gas Temperature in Furnace
(Side View of Cross Section at Center)
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Fig.10 Flue Gas Temperature in Furnace
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Introduction of Dual-Fuel and Low Environmental Impact Technology
of Standby Gas Turbine Generator Set

ABSTRACT

UEMURA Toshiyuki

AL EE

KOYAMA Masamichi

fgE m—T

TARUI Sinichi

Ay figeE KAy EUE™

OMURA Masahiro

It is recently required that standby gas turbine engines meet to demands of low environmental impacts and applying
many kinds of fuels. In this paper, recent topics in NIIGATA POWER SYSTEMS regarding to the low environmental

and dual-fueled standby gas turbine engine will be introduced. For the low environmental one, it is explained that

smoke emissions during startup of a standby gas turbine are reduced by improvements of fuel control logics. Finally,

fuel control logics and trend data are focused in when fuel changes between liquid and gas. The fuel changes in

extremely short time and with low fluctuations of engine speed are realized by fully electronic fuel control.

Key words : Standby gas turbine engine, Fuel control, Duel-fuel, Low environment
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Fig. 4 Standby Gas Turbine Generator Set
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(a) Before Modification

(b) After Modification
Fig.1l Smoke Observations at the Outlet of Chimney
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Study on Vibration of Mistuned Radial Compressor
—Experimental Evaluation of Vibratory Response—

FHE EAY

SHIMOHARA Naoto

ABSTRACT

(S L

HATTORI Hiroaki

ML FER™

MURAE Shota

Experimental studies by using Non-Intrusive stress measurement system (NSMS) and strain gage (SG) were

performed to reveal the forced response characteristics of mistuned radial compressor. Blade to blade variation in

resonant frequency and resonant stress were evaluated from the data obtained by NSMS. Calculated variation in

resonant frequency and resonant stress were found to be smaller than the values generally appeared in the radial

turbine impeller. Back-to-back evaluation was performed for the measured data of vibratory displacement (NSMS)

and strain (SG) for the same blade. Difference between the stresses converted from each measurement data (NSMS

and SG) was below 17% and was considered to be acceptable level for the practical use. Additionally, forced response

analysis was performed for the mistuned FE model. Analytical results showed the extremely different response

characteristics between the two types of slightly different mistuning patterns and the importance of the mistuning

identification.

Key words : Compressor, Mistune, NSMS, Turbocharger, Hammering
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Fig. 4 1% mode shape (FEA)
(Modal displacement)
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Numerical Procedure for Hot Gas Ingestion through Rim Seal
of High Pressure Turbine
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ABSTRACT

Numerical simulation of hot gas ingestion around rim seal is highly time consuming since high speed main stream
and low speed cooling flow have to be solved simultaneously. Combinations of time marching scheme and convection
scheme for all-speed CFD were tested in order to reduce computational cost to predict hot gas ingestion through rim
seal of high pressure turbine. Preconditioning alternating direction implicit symmetric Gauss Seidel (pADI-SGS)
scheme and SLAU were selected in the present simulation based on screening simulation on simplified axisymmetric
geometry. Three-dimensional simulation showed that the combination of pADI-SGS and SLAU was more efficient
from 4 to 10 times than classical scheme.

Key words : Turbine, Cooling, Computational Fluid Dynamics, Preconditioning Method, All Speed Scheme
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Elzkﬁz'(';‘l t/?—/r\wf
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BTHR29VTE & T o Tz TITHAIN BB 12 A8
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1. BEMAHZ42—E>

Power Output
¥
No. of Units

750 -
485
700 - ]

650

600 L 7.970
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5469 413

400 3%

376 374

350 333

318
300

250
200 2491
150 -
100
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#£1 20134FEHENAEEAEL T (kW)
X% Size| /N8 Small Unit | #%!  Medium Unit | A% Large Unit & WA
~735kW 736~22,064k W 22,005k W~ Total
A & =Rl = G I NS B R = & G S B = &~ G B - Ry B = =G < LR |
Application Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
J— — KWZsE
NAH ].\%EE'}EH BL 0 0 23 144,190 29 | 5,929,870 52 | 6,074,060
Generator Drive for Base Load
¥—2ro— FEEH
Generator Drive for Peak Load PL 0 0 0 0 0 0 0 0
g 7% =B
o e H EM 105 44,354 192 367,000 0 0| 297 411,354
Generator Drive for Emergency
] i H
Merchant Marine M 0 0 0 0 0 0 0 0
(113
ﬂm.. # . & MM 0 0 4 112,000 0 0 4 112,000
Military Marine
ffbF 7o+ 2 H
Oil Refinery and Chemical Process OR 0 0 0 0 0 0 0 0
Zofo 7ot 2 M
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
x B A XP 0 o] 1 800 | 0 0o 1 800
Experimental
] Bl H 0 0 0 0
Air Conditioning ACD 0 0 0 0
%. ? fta MC 15 5,220 4 5,850 1 46,600 20 57,670
Miscellaneous
PN =
" Total At 120 49574 | 224 | 629840 | 30 | 5976470 | 374 | 6655884
XP
L _MC
MM 0.3% 5.3%
BL 13.9%
EM 79.4%
B2 20134 HSBIAEEREGHE (%) X3 20134 H&BIHEA (%)
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F2  2013EMEBVEEABR M (kW)

X% Size | /NE] Small Unit | 1% Medium Unit | K% Large Unit | 4 H 7
~735kW 736~22,064kW 22,065k W~ Total
PREHESH a-F | &% | B 0 | B/E | B N | B OB | B OB D
Kind of Fuel Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
WALKIR A A
. Liquefied Natural Gas LNG 0 0 0 0 9 | 1,845,800 9 | 1,845,800
2 99 2
P RIS GNG 0 0 14 99,960 18 | 3,875,570 32 | 3975530
# | Natural Gas
ERA A A
Gaseous| Blast Furnace Gas GBF 0 0 0 0 3 255,100 3 255,100
Fuel N
#kiti 7 2 GTW 0 0 11 45,890 0 0 11 45,890
Town Gas
7 AMEE N 0 0| 25| 145850 | 30| 5976470 | 55 | 6,122,320
Sub Total
i3 ATl T 38 15,495 36 65,340 0 0 74 80,835
N Kerosene
B | B
. K 30 10,258 31 161,800 0 0 61 172,058
Gas Oil
Liquid 5 ;
iquid | Zil 1 H H1 52| 23821 | 132| 256850 | 0 0] 181 280671
Fuel | Heavy Oil No.l
AR bt 120 | 49574 | 199 | 483990 | 0 0| 319 | 533564
Sub Total
Z DA
Miscellaneous Fuel MF 0 0 0 0 0 0 0 0
AN =
nTotaluT 120 49,574 224 629,840 30 | 5976470 374 | 6,655,884
LNG T12% K 26%

GNG 8.6% GTW 0.7%

GBF 0.8% GBF 38%
GTW 2.9%

A ABREL 92.0%
WEARHRE 85.3% ¥

B4 2013 BRI EE GBS (%) B5 20134 MERIMAEA (%)
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3 2013MEHISHIMA BB ELOHT (kW)

Download service for the GTSJ member of ID , via 3.144.13.226, 2025/01/16.

X4+ Size | /M¥  Small Unit | fF%  Medium Unit | K# Large Unit & WM oh
~735kW 736~22,064k W 22,065kW~ Total
Hulk GH| M O | A% M o B o | A% Wb
Location Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
v W 8
Hokkaido 3 1,025 8 11,600 0 0 11 12,625
R’ e
Tohoku 8 3,380 10 19,200 0 0 18 22,580
I H 41 17595 | 106 235,010 2 81,320 | 149 333,925
Kanto
W B
22 11,080 23 40,230 4 670,900 49 722,210
Chubu
W )
I = b 18 7,680 29 54,650 3 | 1,002,000 50 | 1,064,330
W Kinki
i) 5 2,492 3 4,140 2 172,900 10 179,532
Chugoku
|
Shikoku 3 1,300 10 17,850 0 0 13 19,150
u I
. 13 4,229 16 33,600 1 85,200 30 123,029
Domestic| Kyushu
Use J 2
w oA 1 600 | 0 0] o 0] 1 600
Okinawa
o A
Movable 5 13 0 0 0 0 5 13
ﬁﬂﬁﬁ.ﬂzﬁ% . 0 0 4 112,000 0 0 4 112,000
Marine Propulsion
AFH A
Marine Anxiliaries 0 0 0 0 0 0 0 0
*x &
Unknown 0 0 0 0 0 0 0 0
AP 119 49,394 | 209 528,280 12 | 2,012,320 | 340 | 2,589,994
Sub Total
I PN 0
North America
oK 0
South Central America
72T 1 180 | 8| 53750 | 17| 3933300 | 26| 3987230
iigy Asia
H .
If] K E M
Ir Oceania 0 0 0 0 0 0 0 0
M 0 0| 7| 47810 1] 30850 | 8| 78660
For | Europe
Export| @y 7 - NISiEH
Russia + NIS 0 0 0 0 0 0 0 0
W "
Middle East 0 0 0 0 0 0 0 0
77U A
Africa 0 0 0 0 0 0 0 0
Hathiy A 1 180 15 101,560 18 | 3.964,150 34 | 4,065,390
Sub Total
PN =
H Total it 120 49574 | 224 629,340 30 | 5976470 | 374 | 6,655,884
- 113 —
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4 20135 HBREIRMA A FE R B O (kW)

X453 Size | /N Small Unit | %! Medium Unit | X% Large Unit & W N
~735kW 736~22,064kW 22,065k W~ Total

B SR B HE a-F | &% B 7 | BE | OB N | B% | OB | B OB D
Driven Machinery Code | Units | Output (kW) | Units | Output (kW) | Units | Output (kW) | Units | Output (kW)
& %ﬁ% G 111 44522 217 514,390 30 5976470 | 358 | 6,535,382
Electric Generator
HEAEB PRR 0 0 4 112,000 0 0 4 112,000
Propeller
Ax T W 9 | 5052 3| 3450 | 0 0 12 8502
Water Pump
Byt DM 0 0 0 0 0 0 0 0

PN =

H Total " 120 49,574 224 629,840 30 5976470 | 374 | 6,655,884

PRR 1.7% W 0.1%
DM 0.0%

G 95.7%

B6 20134 BEERE M L B BHIE (%) K7 20134 HEBRENREMN I HI S (%)

#5  2013EHMAX G AEABL NS (kW)

Mo K5 (kW) f )
Units Output Units | Output (kW)
0~146 6 33
N R 147~367 32 7,634

Small Unit
pp— 368~735 82 41,907
/NG Sub Total 120 49574
736~4,412 198 363,190

oo
4413~10296 22 154,650

Medium Unit
736~ 22.06416W 10.297~16,180 4 112,000
16,181~22,064 0 0
/NG Sub Total 224 629,840
K om 22,065~44,129 3 112,170
Large Unit 44,130~ 27 5,864,300
22,065k W~ /NEF Sub Total 30 5,976,470
& i Total 374 6,655,884
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#6 20IMERBAN RS — Yy ABNEEGKRELOBY (kW)

K5 Size /AL Small Unit A Medium Unit K# Large Unit & W B
~735kW 736~ 22,064k W 22,065k W ~ Total
H & a—-F | B moh =vd moh =vid moh (=24 moh
Application Code | Units |Output(kW)| Units |Output(kW)| Units |Output(kW)| Units |Output(kW)
~N—z2u— FEER | BL 0 0 0 0 11| 1927120 11| 1927,120
% ¥—ruo— FREH | PL 0 0 0 0 0 0 0 0
ﬁ It S EM 0 0 0 0 0 0 0 0
DOT,Z%C;E%})“C/ESQ st Sub Total 0 0 0 0 11| 1927120 11| 1927,120
~N—z2u— FEEM | BL 0 0 9| 44230 1| 85200 10| 129430
B |Y—ruo— FREM | PL 0 0 0 0 0 0 0 0
E It S A EM 103| 43934 191 365400 0 0 204| 409,334
%A!E B XP 0 0 1 800 0 0 1 800
z ) fis | MC 7 408 1 2,400 0 0 8 2.808
D % o 10| 2] 202 412830 1 85200 313 542372
EPI4 R Domestic Use Total 10| 44342 202) 412830 12| 2012320 324| 2469492
| m—zu—FR@EM | BL 0 0 0 0 7| 1394850 7| 1,394,850
ﬁ ¥—ru— K%EM | PL 0 0 0 0 0 0 0 0
i I HZEEN EM 0 0 0 0 0 0 0 0
& z %) fis | MC 0 0 0 0 1| 46600 1| 46600
F";ﬁE&Xg%gubgf US%JF Sub Total 0 0 0 0 8| 1441450 8| 1441450
Wi | ~N—2O— FZEH | BL 0 0 14| 99960 10| 2522700 24| 2622660
E ¥—ruo— FREH | PL 0 0 0 0 0 0 0 0
e EM 1 180 1 1,600 0 0 2 1780
FO;ﬁEt’H‘E’%griV/fe US;F Sub Total 1 180 15| 101560 10| 2522700 2%/ 2624440
it &4 #F For Export Total 1 180 15| 101560 18| 3964,150 34| 4065890
~N—2o— FEEM | BL 0 0 0 0 18| 3321970 18| 3321970
| ¥—2su—FREEMN | PL 0 0 0 0 0 0 0 0
%JE IR HFEEN EM 0 0 0 0 0 0 0 0
z %) fis | MC 0 0 0 0 1| 46,600 1| 46600
Public Use w2m & 8 Totl 0 0 0 0 19| 3368570 19| 3368570
~N—z2u— FEEM | BL 0 0 23| 144,190 11| 2607900 34| 2752090
¥—zu—F%EM | PL 0 0 0 0 0 0 0 0
% It S EM 104 44114 192| 367,000 0 0 206 411114
& B H XP 0 0 1 800 0 0 1 800
z %) fis | MC 7 408 1 2400 0 0 8 2.808
Private Useg%.{ M & 3 Toml 11| 44522 217| 514390 11| 2607900 339| 3166812
#  Grand Total 11| 44522 217| 514390 30| 5976470 358| 6535382

Note : Code Explanation BL : for Base Load PL : for Peak Load EM : for Emergency MC : any other miscellaneous use
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2. MERAREZ—EY

]
.

|3 S 5
iz |O ﬁD B
dily B N kS
i R 2
Hla
3000 120+ 1500 F
1367 346
1282 1289
2500 100 | 1250 F
1{141
2000F  80f 1,000 o9 o
1500 60 F 750
1000  40f 475 500
500 250 |-
0" 0 2008 2009 2010 2011 2012 2013 0 2008 2009 2010 2011 2012 2013

4 Year
K8 ¥—KRVzv b I—FKT7v - 2TV

i

4 Year
{10 RE#ierry Y oHEY 2 -V

£7 0IMEF—FKVxzv N F—KT7v TV I v
HEREGE LU (kN)

S P R A5 A MMrErH
i g =[5 Number of Units 10 Thrust o7
|y €T . T = SO
2|E S 1 W E#LRKA T A b
=8 “ Maximum Thrust at Sea Level Static Condition
120F  120f
£8 2IBEF—XRI ¥ 7 b F—FKTuv S T IV
100F 100 AEREGEE O (kW)
yas
'ZSiZe” 0~735kW | 736kW~ it
80 = 80 - *2 *2 *2
W | a0 | D
. - | Output -~| Output .| Output
Application | Units (kW) Units (kW) Units (kW)
60F 60 .
I 7 B
49 Fixed Wing Aircraft 0 0 0 0 0 0
42 N
o wp 2 » %5 NITIH 0| 28| 48528 28| 48528
2 28 Helicopter ’
= 2| |y L N I R N
20 20 - 16 Aux. Drive Units
& gt
Total 0 0| 28| 48528| 28| 48528
0= 0 2008 2009 2010 2011 2012 2013 o
) %2 LEORE

£ Year
K9 ¥—FKyx7 b/ ¥—=FTuy s - I
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3. BEigtk
£9 77 ARNOEMAELRE £10 7 7 AR
X M Size X biN Size
JEAHER HAME (mm) JERRBER 1AM (mm)
Class |Outside Diameter of 20084 | 20094 | 20104 | 20114F | 20124F: | 20134F Class | Outside Diameter of 20084 | 20094F: | 20104 | 20114F | 20124 | 20134
Compressor Impeller Compressor Impeller
Class 1 0~ 100 952977 | %927577 | 934575 | #930475 | #3655 | #939573 Class 1 0~ 100 61 62 62 64 64 64
Class 2 | 101~ 200 42,225 (24,918 | 37,723 | 45,680 | 32,774 29,930 Class 2 | 101~ 200 26 26 29 29 29 29
Class 3 | 201~ 300 508 | 503| 482| 643| 538| 574 Class 3 | 201~ 300 14 15 16 18 18 18
Class 4 | 301~ 400 232 185| 134| 111| 265| 260 Class 4 | 301~ 400 15 16 16 15 17 18
Class 5 | 401~ 500 175 131| 110 57 73 74 Class 5 | 401~ 500 11 12 12 10 16 14
Class 6 | 501~ 600 303| 272 231 294| 221| 195 Class 6 | 501~ 600 11 12 12 14 15 15
Class 7 | 601~ 700 322 290 282| 362| 274| 150 Class 7 | 601~ 700 13 13 14 17 18 15
Class 8 | 701~ 800 48 47 50 55 74 76 Class 8 | 701~ 800 5 5 6 5 8 7
Class 9 | 801~ 900 205 194 150| 214| 114 51 Class 9 | 801~ 900 12 12 11 8 9 8
Class 10| 901~1000 0 0 0 0 0 0 Class 10| 901~1000 0 0 0 0 0 0
Class 11| 1001~ 0 0 3 24 0 0 Class 11 | 1001~ 2 2 2 1 1 0
&5t Total™ 44,018 | 26,540 | 39,165 {47,440 | 34,333 | 31,310 A&t Total™ 109| 113 118| 117| 131| 124
%3 MRV INIPRI - THD,
Every model is an exhaust turbine type supercharger.
¥4 GEME, EREEBESMEI0mmE T8 &R T
The figure shows total number of superchargers over 100mm in
impeller diameter.
2
T la
fzf s q|5
gl H|e
s H|s
Z Z
350F 10
#139573
300+ 10°
250 10
29,930 31,_310
200F 10"
150F 10 571
260 . 124
100k 10 74 76
51
50 10
29
18 18 14 15 15 o
L 1 . . . . . OIO 00

-100 -200 -300 -400 -500 -600 700 -800 -900 -1000 1001- ik

Total
JE A B3 HAHE (mm)

Diameter of Compressor Impeller

BLL 20134 BAa AR o v Bl OV
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