S S
N e e s>
LIS EIN S, S

e

/.:4\___’7‘ b 7
PN i o




MENEG RS X{EED
RT—IvTF7 y FICEEY DERZS

FrRc9FE2R
B v —




F1E FR
141 ZHZEORR 1
1-2 FHAROER ... 2
1:2-1 RE75> b ERRS Z{FOER - - 2
1-2-2 BERAZFOMRER 3
*2+3 RUBEBRYALFOHK ... EO 4
1:2-4 REARMERBIARDEBRAZET T FOBRRE.ccooooereeernreerannes oy
1:2:5 BAARL - MRRVHXOBRAXET 5> FOBERKR......... ; WU
1:3 RBEBERHX{EFOR5—17 » 7ORA asicsis, 1
-4 XFZEOBN s e .13
5 FHROBWEK ................. . = SR, ! |
B2E RBERRSXMERGEEEHHERZET N
2-1 ®E 26
P R Tt e R ey SRR L L S S SRR L S 26
P AN - BT e IR L SN - SO S 27
P T L R R e 23
241 BRIEBIDOIRIE. oo ircihrsirrmnites tasssassasiatersses .. 29
2-4-2 PRNELZFRGOMYEL 31
2U5 M e i R e .34
26 £ .35
F3FE RUFWERIAMEFCEIIRESER
R TR 1 - SO R S S S R e S 40

88

... 40




S8 PSRRI o L A o e B B I e it s naibiohi Y
3:4 XLFRAT-NEBEERSZAZRRM. HE P T, 42

IEESERORBER ... TS e S e sos 48

w
)
>
\
W
N
3
|
;4
¥

3:5-1 AW SUIRELEORBERTADOER 43

3:5:2 HRAURBIRESITROF v —F—/—1

38 Ml -BP i S 46

3:6+1 RBEICBUIF+r—OHABBOHE .. 46

3:6+2 EABEICSIIRELEODRNE

368 WMIBINANEERITIR - i i i Sss st ... 48
LTS R A Rt Bl SRR LR SRR R A S e TR e s e e 49

B4 ~NCFRAT-NEBRF v —SRHAERGEE

4:3 BREDOHZE 78

44 Fv—BRHALRIGOBIHE 78

45 KRLFRAE—LF+—ERAHZMERBORRER 80

WS Y TIETER S SPEBAE <ottt e i S O S St e .. 80

4:5:2 Fo+—BRAHREREG......... 81

4-6 Ri-ER = 82

4:-6°1 RMAXRFFEERGERERDRBE .....oocoooenrccrccnrccrrnerssscaserasssssesssssssssscss 8

4:6:2 F+—EBRFXMERGEENDKEZ EBERTF ... crinianrens 83

L 4
4:6+3 Fr—SRAXRCERLREOFRRALOLR i 5 B4
2




58 BEYMXILF+—SRAHRERICEE
Bl TR ot e e AR s 108
52 0.l 108
T ) S S N 108
54 15402 b7 PRABNERFAEZTRER, HE e 109
5:5 110y bT5 bF+—EBRARERGORBRER ... 111
5:6 BRARFAOEXBEETLOEA............ 112
e e e s 116
571 /340y POHRERHEEDRE ........ F 116
5:7-2 RESHEZRLRDMAREREDEE ..o 17
5:7+3 /840y bT5> FOTEIF 118
B8 RN e St e 118

BEE NLFENMOy MDA EREOUR
6+1 #E. 132
6-2 HBEY w182
R Tt G R S S RSO0 W et L G U 132
6:4 ANLFRE-NEBRESR . 133
6-5 AXFBREOHR ... 133
6-6 E®._......... 134
6:7 &0 134

FB7TE ROEMEBRGXMFORF5—0NT7 5 THEE
P3N c  FER— 138
T B e e ettt & Dnbowera e EEis s . 138
LR i | R R S S R e S 138




7+4 APFBCEBERHZ{EZ 138
7-5 BRYIXOEE ... " svese 139
75 14
7°6 HA(EBEERBRS R{ERIGBIE ....ovooosovinesorsssmmsimmssesiensssessmssssssissseissemessssosns 142
oo 142
7.8 143
T AR i i s 143
710 BEW . ons 145

Fe®

fEHIES

51 F3CRk




T8y, &
TVWAHRTHS. L2L

EITHEL

hTwiwnk

SEOBHFLSFEM S
TWa, FOVE2DFNE LTI - 2B THET 5 X 5 21980 FERKEH» S A
HAEI 254 7 FREVATABBRORBE L2Thbh, HILOAERFT RA{La »x
{7 FREATLORENFAI— P LA BREBVWTRTOREATA4%
A-PFBC (Advanced Pressurized Fluidized Bed Combustion) &FFA Tw5%,

VEEHRE A e A AMEF IR F RO S & ) R EEA R C L AR T
B o oo TN B ICHE ISR BRI LS LB EP TR CORBBAIR
HAPORBERETH oo LALEHS, A-PFBC XM 2 HEBHRKA R
LBV TREREEREL 100% IR 2 GESH2 80 b, HAFEFAERT

~NEFT

FlxiXes%) BREETHEL (HET2EFPLEL SN

A-PFBC DREFHOBERE IH -T2, #

G A AMLED R EERE
AEEICHBET A0 T0LRAYI 2LV aYEFLELELE L. 20T
ALY I2 V=Y 3 YETVOERD DI, KFETIT L o LRRT AERIEE
BEREME RO ART Ao RIGEEF VAL E S, ChE W TR

BRAAUPEHT A —EV ERAF—LI—EVOBRE< v F 2 734, FHO

EN/ZAPFBCREVATLAOERERS L URBEOREITEL

3.
o

g




AFROBRRERBRLATO LAY I2b—Ya v EFLEHL, BABEOA-

PFBCREVATLEEH L,

1:2 FHAREOER
1-2-1 RIS FEBRH RELFOESR
ARIREOERRE L BBORERH» 54 H L L REARE L LToEREZEDHS
LBDND BT 2 HBRABMBICETISHIE L TW {0, SO,, NO, D
HED DL ADPOT T MIEOBOKNRES A7 LOBRNFEETH S B
BLZ MO TR RRKNBRFEMBEIFA 5 TH 2. BB EREL 512
H5VEHMEH2002 Y2 (74 g m) Tr¥— BB LRBERERES ¢,
TOMBEN A BZRBCTENL, RERB CRESEAF—LATRAF—L 5 —
EYERBMLREBTEZATLATHE. BBREFA FORWRAEE, 2F—24
F-EYOFmRILICHAIL TERT 2, FRAWLAF— AL BEREETH D 508
T, $2VEEIZHEIEEE > T600CUE LT 2% (Obaractal, 1995) A%t
SNTVL  RELAIHENTVIFRORF— LI — o H L 2 LORER S
7 ¥ MEYHILFI 40% TH 3 (Morooka, 1993), LA L, SHELEIRRF—A%ED
ﬁiﬂém&rf:}ii{t%%a‘&eﬁz:ﬂﬁ&t'fb%fi*tﬂmn‘.-‘)ir)fli.k/»&'m%‘:éf, 2
F-LI—E EEOY Ay VREREODBREDPHAZTELEEL LA TS,
TR L THRAS — E BB OEFI L VRRA AL R L2282
TATRECERNYICRER 77 ~ MIEI 9% D1000MWEHEREF 1 7 1
777 FARME (Morimotoetal, 1995) LTv:3, S0 LI 2 F BRI LBREAND

B EERBNRL, HRS—EV ERF— LS — o ORAH 4 2 LRBORR

PEDONTED, ZHIBRENIERFTAMEFNRD SN TG

-2-




1-2-2 BRAZMLFOHRES
130 FREL LK IR SNAMEROREARMUIBEL L TREBHROY 1 >
77—, RERWADI 7 5=A b by 225, BEBRAON L FEFEETH S,

WS, R (RABIIRCTEMICRARGEMIE L v Bbh 2 298E0

IR L TN D Z X B,), BER (BRREB>PSTHABHT 20T,
RFBONFERTS 2%, RANCEEE LHIND Z L2 B0,) 03208k
EYHEITERTAMFL LTHEASNTWE . 20ERTRLEOSRE 3 L
O TFig 1-1IZ7R T BRAAEFIZMT 2£3 L L T(Hirato, 1993), (Tkeda, 1995)4¢
hHb. ARFALFEORH L LTREZFEHA L RERO 22 F 2602, A%
TRE2RERARSE, EZHELT—BMY1 25— BRI REERLT v 15—
A MYz 2 EAEE SN2, I REORFABE R F AMLEOBERIE bR h
Lo L2 LI9SOERICERISR D> THEBAMEROEERE 2D, HFLOESE
HAMEPORBIIHRGICATTFAE R 5720

197040IC A% L RR A 2 LIEO MR EE L2 KB TIRRAT R 2R %32
LODCHDEREH, BLUNARE TS Y OB E L TR L, A,
RISH A G ORMABEOBEES &) BEN LT R D 72 KB CREK
AP EERA MBS L RARBAOF 54 245, ABBROWHE (7=
ARF 2 INY A, IGT CKEIH AR L) DHREBX D U HR1E, CEHOMHAR
ADCEFSEDMARAA S — b L72. Dow B ZESIR X ORFERE H AEFEOR
BOSBRAAMFORR L MG L 1. CEF S REETSH ), BBEREL 50
AT 72B3Z L 2BMHE L1,

F-OINRTRY A7 5L RE, GRILLAKBYII > 275—4F, Yz
HOMEDE RS BER L EEDT v 15— 2 | b Yz 2 PORFEBRE XM
EDMEREDY x V3 98— 24F, WILFFERRL, #AUFEOESD S E

LEREMDMT AT v ¥y I WVFFEOBRHR S — b Lo, 19804ER ¥ 1212




-0y NTREARKENKRE(BETEL 2BELIITTHTREL, NH; &
BRERELTOH 2 RESEIRBIAI V77— FHREBLTVE.

BETLAA LY 37 70%, ERBLEROBERT ) — 2 H R 2 RBH
HRDEEREDONATY) 9 FERFAUFLBEDORBHAZSERE ERDS
BRAAMEFOBENFED SNz TR 2&KE, BEMNLZBEICLETE, Xk
FERET 570 |2 HYCOL(Miyadera, et al,, 1995)& W5 | 2 2 BEEFHE e # A1k
BORREHNEDO & A RFIFAAEREEHALTEDLLTVS,

RETEREVFFCRELEREARIIL, BRTIZ1980ERBEIBEHB LA

ZINH; R L8R T 27 ¥ o FoRHAEs S 2, B Uaihfii
PEEELD, BRPLMFFEHELTOCO, H, 2152 iz, REFESAEHN
FRCKRELBEROBERO L) 2 HHL AL BV TREFN TV, FAOREHR
DBFE LTHRBROBRERDZVEVI Ftbd ), REDEOBSVWRERO
BRAZUPORRELGERKTH 5,

HERBME L TIRN9MEISEEE DY > x4 70¥ 22 bO—ok LTH
#E 5 5T 5 ton/day 2 BUEIRE B A ALIE D BIRAHED & ie ZOFMA AL

12198028/ Oy bS5 bk LT40tonfday l2A s — V7 v T8Nt HE
40 ton/day B R 7 A{LKRIZ 19874 & TEBAFT b7z, £ OBE BT R 57200 ton/

day DRGEGE R A ZUFEHFDRTHERIEE D, BECE->TW2.

1-2-3 RBABRSFOHR

R B R A AMUE L RABE R AMLED200BROBRIED Shi-0i2,
TNENBLABROEEFR2 200 TH 2. RBWE R T ALFI LR S5
WAREHAMET A EICELTE ), REBE R ALFRKREOBEVWERY
AMEFIBL T2, BRICHASR S BERIEFig 12107 T £ 5 IDROBA, i

E (BRIRSHOBERZELARFTRLAM) FELSHLTVE, BE:L




TR, YOLITARTOWMAL, FAETEZ L) CHBREREBD2o00F
£ TORRHTAMEPLETH 2,
ERDBERTAMRRSIATHIREHTARESFA TR, BRIV A EFETER

EHALRLIIERTS, T 2b5RECRENBR) 2 100 % ISEVWERT AL

FPHAERESR TV EHSZ FAFL L TRABR L ARBOAER S H > 7.

EZBH1980ERBEIILBEHNAI—E 44 7 LORE X LT1300~1500

(9}

BETR, BRAAMUFERTIO®DREERELERNTIIL L, RESS

]
A

FOBEERRKIITHIELR—HLLVEEILND L) ko ARFT AL

IMERBRHREEF A 7 (PFBC) L 2MAEDELMFH AL - RERBH AN
RR SN ARAAMEFORFEREL T, PEBCTR) ORELHRESE, B
B77 7 P TREGREL 100% LT 2HY AL - RERBEARORTHIM

\

;ﬂf

45 & 1.7 o(Hyre et al., 1991), (Schoedel and Mertens, 1990), (Michelfelder et al., 1991),

ARG 7 LA IR A AR TRET AMEEE A ARICHML TV S, FHISH LT
UREIRE G A RSP IRSEL A AL L LT b BRRTE AT B 2%, $5H AL - Ml
RRAROA RN ACIFIZ S WHVTRETDH 5,

1424 RL2HRMERBFROBRA LT 5> FOBBRR

BCEDZELH AMFRADERF ZURE TS F OMRKR L Table 1-112F Lo
2o THACHETZ8EF L LT (Ishimori, 1995)5% 3 ,

ERTOO TREEE SN ARV AIRROEERBIZ 7 — vy +—% 7O
Y27 FTHBH. REEPRIDERTEDS L, RERHNIZ120MW TS 5 7=, 1984
~ 1989 FOMEEARSFERENL, AT/O V27 FCIRFFY 245 (Texaco ;
AT REF, BRAKAZ ) —74—F, BFER), EABHK (Sclexol ) %
AL RLVWERESRHEZBET IS LIBRESALY, BE0UE(ERAL

oI BIUBRRENLRESEIBEALEIEVOTHEY (BERRE




(1) # 5 ¥ ¥ Demkolec 70 ¥ = 7 b

# 7 ~ ¥ ® Demkolec#tiZ & 1) Buggenum 23\ T253IMW D EEEEHN TN T
w3,

RKT7F/ MDY ARTA7O—%Figl 3R T HRFR Y = VT 9 28—
HRENTY = VIF (Shell ; RABAT AUB T 2 VI 9 R—AFEHPLRE L1
CREZRWEET 1 — F, BEWR.) T, HA{LEHIZ 28bar, 1400~ 1500CTH A
fEd*BEZ ebh s, BHcidiBX (Sulfinol ), BEIXY 1 20 €TIvr74
N ERVE. BIERIZHR. HHV EEOXERDFIZ414% LEFTEL TWE, X
77 M 1994 FE L ) EEE ARG L Tva,

(2) A4 ~ Elcogas 7OV x 7 b
ANRA » DEFI 54 ENDESA % Hu & % Elcogas 2 ¥V — ¥ 7 AlZ, Puertllano
2BWT, 300MWRDEIET 7~ R - HET0T 27 P REEL TS,
%77 > P OWKE Fig14 127+ . # A{LLFI12 Krupp-Koppers D 7L > 70—
% (Prenflo; RABE T = Va9 R—RAFEHPLRB LA &R 71— F, BER.)
TH A{LHE)1328bar, 1400~ 1500C TH REA B 2 b 3, BEiZiER (MD
&), RERHA 70V eRYF2RI T2 BVE, BIERIIKE. HHV £#
DEWRDEIL435% CCRTICIZLHV (BERRE) 2R THS% LERYDH 2.
GRPHT%244% E LTHAVARNL:,) O ETH A, 1996 EcEEr RS

TAFETHZ,




T ——

(3) ¥4 7KoBn70¥ =z 7 }

¥4 7 ®&J1£+4 RWE Energy #1(2 Goldenberg R AT 2 312MW ¢
DR - BETDT =7 L E2EDTVS,

# A{t45 (2 Rheinbraun H DB Y 1 ~ 7 5 —4F (High Temperature Winkler ; %)
BiF, ERAFEHE7 14— F, ZRK) THA{LESNIZ27bar, 900 ~950TTH R
{t# 8 b 3, BEEIZERX (Purisol), BUEIZF 4 2 0V KR F/52HW B,
BlERIIFKE. HHY EEOZERNTIZ435% (XMPITIILHVEETHSS LR
ANFD2, BRFHF%44% E LTHHVARRLZ,) ELTWw3, L0 E
TI3HiR Winkler REIBFERBAFALFL L, ThEVVEFRAOBERENRE
RERBER A TR L, BT AL -BEFRORET 7 PELTRBEINT
Wiz 1997 E£ISEERBOTFETH 5.

(4) X [& Tampa Electric 70 ¥ = 7 k

X [E 0 R 7144k Tampa Electric #1132 Polk 8T 12 322MW DFFET 7 ~ b DRk -
W70z 7 bEEDTVS,

HAEFETFH 24 (X7 =7 1= F, BER) THRA{LESIZ27bar, 1400
~1500CTH AN B hbh s, BEIIARY 52 Bva, BRIZERIZER
TH3, GEHOBESRBHRA LAV AERABKRRL KT 2. HHVEHEOXE

WEHEIZ40% L LTV B, 1996 EICRERBDOFETH 5.

(5) X [E Wabash River 70 Yz 7 b
ABE]® Destec Energy #t, PSI Energy #1i2 Wabash River AT IZ 206MW D EF 7
FrhrOFoT s b 2EDHBTVS,

K777 VIBRGFHRBOIVNT) I THE. HAFIXY I (Dow/Destec ;

M, BRAZRT—74—F, BER) . BRIZEX2AV2. HAVE#DZ




(6) KB Pinon Pine 70 = 7 b

#E?M.W Kellog & FosterWheeler {2 Sicerra Pacific Power @ Tracy B BT IZ95MW
D777 rORIE - EETOUTV 7 P EEDHTVS,

#AEFIRKRWIF (RBIRFET, DAIEWHIF LA TV, R 74— F, &
SW.) THLRHIIER, BERF A 70Y- 257372774 V5 2HVS . HHV

ERDZEWMHEIZW03% L LTS, 197 FICERRENTFETH S,

(7) AE Toms Creeck 70 ¥ = 7 b

Tampella Coastal iZ Toms Creek #IUIZ5SMW D75 ~ + DR - B&Z 70Tz 7
FEEDHTVS,

# AEHFiE Tampella/U-Gas 17 (BT, U-Gas P HRE L7z, SRS
B 74—F, ZRK.) Thd. Bilkid zn & Ti OWARALY 2 BAHF AV
ABEHE, BIEIEFA 202 - €T I 92 7405 VD, HHV EHED X BHRZ)E

1£39% &£ LTWA, 1998 EIHEMEDFETH 5.

(8) H 200ton/day IGCC 70 ¥ = 7 b

A RLEE A 2000n/day T, ME2ERABERATH 2, K71 —F, £8d
HVIEEMMZESRKE TS 5 (Hanai, 1995). ARICBESARBERBRL LTI
MW HEIZ2 5, BREEROBENZHV2ER, RERY (7 04EP+ /7

ZaTF=T AN VS INIEPSHBEREL, 1996FEICKRERT T2




1-2-5 BAHRE - BEREHAXOBRA LTS~ rOBEEKER

BRAAFEEZSGEL, ZRTH AT 20BRBERYT ALF L REEREF A/
5 (PFBC) »SWRTAREBY AT ARBKMTIE b » €7 74 4 7 W(Minchener,
1993), KETi5 " # PCFB(Second generation PCFB % 7:i% Advanced PCFB)
(Rehmat,1993), HZ Tl A-PFBC( Advanced Pressurized Fluidized Bed) & FEIZHi T\
%, KB, B, BATRERTEEICT IV P VAT AN LTOR 22T
Ao

BAH AL -BRFRXCRERAIARFoS ML AFARKEEAL, &
RIA I/ VORBRICEEROHRBNERIZL ) REHEOMEEZR > TV,
BRERREF A SHBOERTIA IV EZLATAUBL ) bHHEL T2 LATET
5D, READFERIEENICRELETAACFRIVbH22L3h TS
(Weinzierl,1989). T2 H AEAROERFALHMARE L AT AOEERDFIZ
1300CHA AT — 7 THA~44% LR SN TV S 012K LTRSS H AL 95
FA TIEATERED 124 44.5 ~ 46% & B & 1L TV B (Weinzierl, 1989).

A AL - MBEEROB RN ALRE Y AT L DRRIKIL % Table 1-2 127 T,

1) kEDOYRT2

#ETi2 DOE (US Department of Energy) #%Fig. 1-5 |27% ¥ Advanced PCFB
(Abdulally and Alkan, 1995) @ OSMWHXDBEH 77 » b2 BEL, E&T 3 Four
Rivers Project ¥ #£ L T2 5,

07Uz bEFFE-FTH70, DOEORLEB O b & WilsonvilleiZTMW
MOBRBREBLREL TS,

H—RFAFTRREAREL, #—F+ 4 FOXRRF v+ — % PCFBIZX H R

S¥5. PCFBOBMHT AL H—FKFAFODHREA A by ¥y Tav Ay~

BALTRREETH AUV EHADOHT A2 RESEDL VAT LATH D,




71— F 4 4712 Foster Wheeler # "8 E#H B & Kid® (2597 » FE) &8

BWOLBBRHP OREERBE L ERL, MW. Kellog HizARGEHALERL
TR ERESN TV, ADHBERERZNEBFRADVLS (PCFB) TH 1,
[ C < Foster Wheeler #£ & M.W. Kellog # 'R W @A TV A,

AYAT LOHAVEEDZERDEIZ45% L AN L Twd, KT R7 A dHER
DEEHAMEAROBRBEERBT T P EN bV 82 V220 BEOD

DESNTVE, BELNEBEFREEINEIFETH S,

(2) ZEEDY A5 4
#E D British Coal L E 20 by €V T H L 2 L EBL, BEITAEO S R

TLLEAROEATRRZRE L. ¥R 5 -V BRES~REH ORI - LT
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Table I-1 (1/2) Coal Combined Cycle Power Plant with Perfect Gasification

it Cool Water 2000/ 1GCC Demkolec Elcogas Tampa
Scale 1000vd 200t/d 253MW 300MW I2MW
s u.s Japan The Netherlands | The Netherlands U.s.
Cool Water St Nakoso Puertllano Tampa, Polk St
Gasifier Texaco MHI Shell Krupp-Koppers Texaco
Type Entrained Bed Entrained Bed Bed Entrained Bed Entrained Bed
Coal Feed System

CWM Dry Coal Dry Coal Dry Coal CWM

Sufco, linoi,

Coal Blurdbnreh. Taiheiyo 1llinoi 6
0 sburgh, i
= Mohla Pittsburgh §
Leminngton L
Oxidizer Ox: Air Oxy Oxygen
Temperatuter | T | 1400 - 1600 1600~ 1800 1400~ 1600 1500 1400~ 1600
Pressure [MPa| 42 2.7 28 2
Desulfurization Wet Dry Wet Wet Wet (Dry
Amine adsorbent
Selexol Tron oxide Sulfinol MDEA L
(Zn-compound)
By-product of [ Sulfur Sulfur Sulfur Sulfur

Plant efficiency™ (%) 320 41.4 435 40.0
SOx 10pp 100ppm 144mg/kWh
NOx 27ppm 150mg/Nm
Dust Smg/Nm 10mg/Nm 3mg/Nm
Status 84-K9 9196 9496 96.6 96
Demonstration | Demonstration | Under operation Scheduled Scheduled
finished finished

*1  Net plant efficiency estimated as HHV base
Blank shows no data in reports




Table 1-1 (2/2)

Coal Combined Cycle Power Plant with Perfect Gasification

Project Wabash River KoBra Pinon Pine Toms Creek
Scale 262MW 32MW 95MW 55MW
Site US.A Germany US.A USA

Sieemra Pacific

Wabash River Goldenberg St Power Co, Tracy | Toms Creek Mine
St
Gasifier Dow Rheinbraun KRW IGT(U-gas)
Type Entrained Bed Fluidized Bed Fluidized Bed Fluidized Bed

Coal Feed System

CWM

Dry Coal

Dry Coal

CWM

US.A. western

Coal brown coal S U.S A. eastern coal
Oxidizer Oxygen Air Air Air
Temperatuter [T 900~ 950
Pressure [MPa| 27ata

Desulfurization Wet Wel Dry Dry

MDEA Purisol Zn Zn+Ti

By-product of De-S Sulfur Sulfur Sulfur Sulfur

Plant efficiency™ (%) 37.8 43.5 40.3 39.0

SOx

NOx

Dust

Status 96 97 97 9%

of Development Scheduled Scheduled Scheduled Scheduled

*1  Net plant efficiency estimated as HHV base

Blank shows no data in reports




Table 1-2 Coal Combined Cycle Power Plant with Partial Gasification and Fluidized Bed Combustion

Air Blown Gasification

2 L2 2 A-PFBC Four Rivers Project Wilsanville PSDF e

i SMWih 95SMW IMW TSMW
HA, BREE " A1) #, Calver 2 1) % sonville :
HE, BREE Cal Wilsonvill L (OB

CCPGC(the Clean Cpal
Power Generation Group

Air Products and Chemicals| Southem Compay Services

- # (FW) Spouted Bed
{pl (41 M55 % 2 AL (MHI) 74 44 (FW) Transport Reactor (British Coal Babcock
(M.W.Kellog)

CPFB IE.CFBC
i (4-1-) o ) W (CPFB)
( PFBC (MHI FW (CPFB (FW, M.W Kellogg) (GEC Alsthom)
i 1 y 3 ) 7 4 4
ey 1 (MHI) (WH; (F&P, WH)
fi 7 L %
3 o i (LLB) 5 (WH)
Fok 1 %1 WH WH Al
ol % WHT L7 %R | wa? V2 ) e ssn

UK bitumious South Africa

2 T-AK 80 (Wlinoi No.6 Alabama  PRB Pittshurgh No.§ ¢
brown
e i § LB OLimestone | A {LKOLimestone o [ o rsige o o
g e or Dolomite Dolomite Y Linesione
{ 950~ 1100 926 SEXAEW) 9RO L
£ T ) 26 ) R L PEE
870~ 950 STOLEW) 70~ 590
x E 815~ $70T(MWK.
ata 25 12 15
5 5% (subcritical) 49.0%
i 4629 % o 4 beritical) 49,4
(Supercritical)
SO S0ppm 150ppm >90%
NOx 45ppm 220ppm
10mg/Nm3

97 o8 05~ (MWK) 97~ (FW) 96
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Coal | Moving N
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diagram |
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o e
o Larglz::zer Difficult Practicable Practicable
Tar Much Very small None
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temperature temperature temperature temperature
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Electric Power generation [ Electric Power generation

Fig. 1-1 Comparison of Coal Gasifiers
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Table2-1 Macroscopic coal gasification reaction and mass balance of coal gasifier

Reactants [mol s'] Products [ mols']
1) Devotalization:
Organic material in coal —~  |n, Carbon + n, H, + n; CH. + n, H.O
n, = (F X; M.- r, VI/(F X,/M,)
n, = (F X M, - 2 FX(o / M, - 4 L, VIFX /M)
n
n

o =1, VIF X /M)
o= (F Xen / MLIF X,/ M,)

Organic material in coal Carbon in char and gases
Carbon: F X;/M. Carbon: FX/M. -1, V
Hydrogen: F Xy, /M, Hy: F Xpy /My - 2F X /M, - 41, V
Oxygen:  F X;,./M., CH,: T V.

H.O: F X /Mo

2) Combustion: C+0,— |CO,

Carbon: Fox / 2My) CO.: Fen / 2My)

0, Fon / 2M,0)

3) Gasification: C+CO,— 2C0

Carbon v CO: 2rv

CO, rV
4) Steam + Water H.O — H,0

H.O: Fing H.O: F w0
5) Shift reaction: CO+H.0 < |CO-+H

CO: Qi C0:: Qs

H.O: Qus H: Q




Table 2-2 Pressures of gasified gases

Gas Pressure of Products [ MPa )

CO: P, = P, (2rV-Qua)/Q.

CO,: P, = P.{Fu/(2Mu) -1V + Qus 1/Q,=
H:: P, = P(FXp/My-2FXi/M,-41, V+Qun)/Q,
HO: P, = P,(Fixo+F Xea/ Mo - Qun )/ Qs

CH: P,= P, 1,V/Qpu




Coal gasification gas + Entrained char

I

Freeboard

-—

Product gas
of oxidizer

Distributor

Fig. 2-1 Scematic illustration of coal gasifier




INPUT: Temperature, Pres
gases (H0.CO

Y

Assume HO,CO
concentratons n =t

v

Caiculate mass balance (

1) Caiculate Combined ch
2) Caiculate CH. producton
3) Calculate mass balance in
4) Calculate gaseous pressur

Check coincdence bet
assumed and cakulated HO, CO,,CO
and H,concentrations
in gasification gas

between assumed and
calculated cadbon

Calculate enthalpy balance
(Kunii, 1974)

Complete
enthalpy balance

Fig. 2-2 Flowchart of mass and heat balance
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Table 3-1

Coal amalyses

Coa TA PL DA ER LI BR
Ulitimate [W1% ]
Mosture 64 49 . 3.6 6.5
Fixed Carbon 37.0 473 59.0 56.2 59.1
Vdatile 41.0 425 289 28.6 26.5
Ash 15.6 5.3 6.9 11.6 79
Element [WM%] Pry
C 65.5 76.0 78.5 72.1 69.4 76.5
H 5.1 6.0 44 45 48 44
S 0.28 0.59 0.65 0.91 0.68 0.33
(0] 11.5 10.5 8.4 8.8 6.1 8.7
N 1.08 1.5 0.86 1.76 1.47 1.67




Table 3-2 Expenmental Conditions of bench scale fluidize bed apparatus

Pressure
Coal feedrate
Steam/Coalratio

Bedheight

Bed gas velocity

Temperature
Air/Caalratio
Nitrogen/Coalratio

Bedvolume

Freeboard gas velocity

1090 ~ 1370
30 ~ 60
29 6

37 ~49X%10°

014 ~ 037




3 (1 /5) Experimental conditions and results of bench sale apparatus

Coal &Run No. TAl TA2 TA3 TA4 TAS TA6 TA7 TAS TA9 TAI0 TAlIl PLI PL2 PL3
Gasification condition
Pressure [MPa | 1.2 L2 1.2 1.2 1.2 1.2 1.2 1.2 2.1 1.2 L2 23 2.1 2.1
Coal (dry) 30 62 359 60 62 2.1 44 30 55 59 6.5 5.1 L3 | 5.1
Air 143 2L7 219 209 221 12,9 20.6 159 425 44.8 383
Steam | kgh-1] 2.6 1.2 0.0 2.5 1.6 25 26 24 00 25 0.0 1.9 1.8 20
co; 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00
N 18:5 M7 172 12.5 20.8 148 222 428 10.7 14.7 56.1 482 59.9
Bed Height [ cm | 60 60 60 60 60 60 60 60 80 60 60 80 80 &0
Bed Temp. [ K| 1118 1128 1129 1132 1166 1170 1174 1177 1183 1193 1202 1169 1232 1114
Freeboard Temp. 124 1121 1128 1121 1155 1187 1176 1181 1220 1155 1165 1169 1232 1114
Produa Gas
Composition (dry) %
H 7.1 73 5.0 10.1 96 45 84 65 34 108 75 25 34 1.3
N, 79.2 73.6 79.0 67.7 69.1 83.3 72.6 80.1 81.7 66.2 73.1 87.7 850 90.3
CH. 1.57 24 1.74 3.08 2.88 1.01 2.03 1.28 0.93 2.73 2.02 0.94 0.95 0.77
co 56 86 73 77 11.7 46 9.0 68 84 127 118 29 44 1.9
CO; 7.1 26 ES 108 7.3 62 85 S8 50 87 55 54 55 49
CH. 0.13 0.25 027 0.27 0.16 0.07 0.1 0.07 0.01 0.13 0.11 0.04 001 0.13
C2H6 0.03 0.07 0.05 0.09 0.03 0.01 002 0.01 0 0.03 0.02 0 0 0.01
Partial pressure (wet) [kPa]
HO 144 93 54 126 89 148 134 115 55 118 41 137 122 156
(&0} 74 94 83 109 79 63 91 61 101 93 63 104 107 89
He 74 79 5§ 105 105 46 89 69 69 114 86 49 65 24
co 59 93 81 81 127 46 96 72 168 134 135 56 8 36
CH. 16.4 26.1 193 322 31.3 103 21.6 13.6 18.7 29 23.2 181 184 147
Carbon Conv. [ -] 0.83 0.66 0.62 0.71 0.71 0.96 0.87 0.92 0.89 0.82 0.65 0.65 0.75 0.55




Table 33 (2/5) Experimental conditions and results of bench scle apparatus

Coal &Run No. PL4 PLS PL6 PL7 PL8 PLY PLI0 DAl DA2 DA3 DA4 DAS DA6 DA7
Gasification condition
Pesve (MPa: || 28 21 2 23 20 21 20 21 21 g1 21 24 20 21
Coal (dry) 51 48 50 67 39 ET 54 56 53 28 53 56 52
Air 433 434 42 439 393 47.6 46.7 355 359 37.3 34 37.8
Seam [kghl) | 3.6 09 38 18 1.8 36 38 36 19 18 18 18
co: 0.0 00 00 00 00 176 188 0.0 0.0 41 00 00 83 00
N: 46.9 50.6 S54.2 49.9 53.2 389 41.6 66.5 713 S9.1 66.8 59.6 59.1 628
BedHeight[em] | 80 80 80 80 80 80 80 80 80 80 80 80 80 80
BedTemp. [K| |1224 1231 1176 1216 1209 1218 1165 1171 1187 1196 1205 1209 1186 1216
Freeboard Temp. | 1240 1240 1193 1231 1232 1220 1165 1159 1171 1206 1203 1201 1202 1209
Produa Gas
Composition (dry) %1
H: &0 26 30 33 T2 2E L3 Al 25 23 2D 49 23 36
N 84.0 86.7 86.2 84.6 87.9 67.2 68.4 86.4 87.1 81.9 89.5 841 79.7 853
CH, 1.01 0.88 0.97 1.33 0.65 0.84 0.87 0.55 0.47 0.46 0.21 0.57 0.34 0.47
co 43 40 29 42 33 &5 33 31 34 45 19 33 4% 40
Co; 61 52 59 &4 51 242 253 57 51 9.3 54 56 128 49
CH. 0.01 0.02 0.03 0.02 0.02 0.02 0.07 0.01 0.01 0 0 0 001 0
CH, 0 @ B o @ 0n s ol 0r o @ ol (@
Partial pressure (wet) |kPa]
HO 202 89 215 144 129 244 251 215 135 136 109 183 66 118
co: 113103 109 104 98 440 458 105 99 179 105 105 255 95
H; 74 52 55 63 42 40 24 57 49 55 40 92 46 70
co 80: 78 54 & 63 82 60 5B 65 81 3®; g1 o7 78
CH, 188 17.4 17.9 255 12.6 153 158 102 9.1 89 4.1 107 68 9.1
Carbon Cony. [-] 0.74 072 0.67 0.58 0.79 0.65 0.66 0.56 0.58 0.59 0.87 0.61 0.54 0.6




Table 33 (3 /5) Experimental conditions and results of bench sale apparatus

Coal &Run No.

Gasification condition

Pressure [MPa |
Coal (dry)

Air

Seam [ kgh1]
w2

N2

Bed Height [ cm |

Bed Temp. [ K]

Freeboard Temp.

Produa Gas
Composition (dry)

H:
N:

CH.

co

CO:

CH

CH,

Partial pressure (wet)
HO
co

H
co
CH.

108
45
46

8.4

Carbon Conv. | -]

0.58




Table 33 (4 /5) Experimental conditions and results of bench sale apparatus

Coal &RunNo. |ERI11 ER12 LI L2 L3 L4 LI5S L6 L7 L8 L9 L0 L1 2
Gasification condition
Pessure![MPa] | 200 2 24 21 21 21 12 20 L2 21 21 21 231 21
Coal (dry) Si6 57 52 58 61 51 58 5P 59 58 60 57 57 42
Air 40.4 352 40.5 397 37.8 40.3 259 40 30.5 44.8 447 431 448 392
Steam [Kehl) [ 1 200 56 25 25 22 25 00 27 S22 21 26 0.0 1.9
o 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0
N 674 72 553 525 71.9 60.9 277 63.6 23.1 477 527 521 566 55.9
Bed Height [ cm | 80 80 80 80 60 80 80 80 80 80 80 80 80 80
BedTemp. [K] [1162 1093 1218 1220 1226 1226 1229 1237 1257 1269 1290 1298 1298 1307
Frecboad Temp. | 1194 1118 1201 1284 1269 1202 1254 1213 1250 1251 1270 1330 1277 1331
Produa Gas
Composition (dry) %]
H; 25 17 A7 47 31 33 83 20, 96 61 Ar 48 29 27
N 89.0 90.5 83.3 81.5 86.2 86.7 77.7 88.8 72.0 79.8 83.0 81.0 85.5 85.2
CH: 0.44 0.49 062 046 0.57 0.49 0.83 038 0.68 0.62 0.39 0.5 032 0.4
co 24 20 41 56 33 38 81 39 W9 63 65 81 64 SE
co. 6 53 68 7.5 69 54 79 44 & 69 53 51 44 S0
CiH 0.01 0.03 0 0 0 0 0 0.01 0 (7 0 0 0
CH, 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Partial pressure (wet) [ kPa]
HO 139 155 291 153 157 145 131 59 125 271 151 146 60 129
co. 114 101 120 141 132 103 80 89 85 124 102 97 88 99
H 48 33 82 89 59 63 85 40 101 110 79 91 S8 53
co 46 40 72 105 63 74 83 79 115 112 124 154 127 112
CH, {5 SR R S R G {1 L Y . S T U G v Tl R 7Y S
Carbon Conv. |-] 0.58 0.52 0.76 0.83 0.72 0.7 0.62 0.66 0.74 0.8 0.73 0.87 0.73 0.95




Table 33 (5/5) Experimental conditions and results of bench sale apparatus

Coal &Run No LI13 LIl4 LII5 DAl DA2 DA3 DA4 D/

DA6 DA7 DAS DAY DAIO DALl

Gasification condition

Pressure [MPa | 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2 -5 | 2.1 2.1 2.1 2.1 2.1
Coal (dry) 56 59 56 56 55 5.3 28 S22 56 352 5.5 46 27 47
Air 48.0 424 50.2 355 359 373 340 378 2 37.8 415 396 352 36.2
Steam [ kgh-1] or 3E 23 3.6 L9 1.8 18 35 0.0 1.8 1.8 1.8 0.0 1.9
2 0.0 00 00 00 00 41 00 00 83 00 00 00 00 00
N2 38.6 43.7 414 665 71.3 59.1 66.8 59.6 59.1 62.8 557 57.8 67.1 68.6
Bed Height [ cm ] 80 60 80 80 80 80 80 80 80 80 80 80 100 80

Bed Temp. [ K| 1330 1345 1397 1171 1187 1196 1205 1209 1186 1216 1251 1237 1241 1163

Freeboad Temp. 1383 1367 1419 1159 1171 1206 1203 1201 1202 1209 1244 1232 1221 1168

Produa Gas

Composition (dry) [%]
H2 44 30 3L 25 o8 20 49 23 36 34 36 07 29
N2 77.5 80.1 80.0 864 87.1 81.9 89.5 84.1 79.7 853 837 87.5 91.3 90.4
CH4 0.25 0.41 0.24 0.55 047 0.46 0.21 0.57 0.34 0.47 0.43 045 0.15 0.47
co .0 7.6 8.6 3.1 3.4 4.5 1.9 38 4.8 4.0 5.6 4.6 2.3 3.2
co2 T 7S 30 s3 S 83 54 s 2 49 500 43 S 3
C2H4 0 0 0 001 0.01 0 0o 0 001 o 0 o0 o0 o
C2H6 0. @ do ol o "o R M @ B 60 ot W
Partial pressure (wet) [kPa]
H20 181 194 166 215 135 136 109 183 66 118 112 114 46 120
co2 142 140 129 105 99 179 105 105 255 95 98 83 103 77
H2 82 94 57 49 S5 40 92 46 70 100 69 15 56
co 147 141 160 58 65 &7 38 o 97 78 109 89 44 63
CH4 46 7.6 45 102 91 89 41 107 68 9.1 84 88 3 91

Carbon Conv. [-] 095 0.86 097 056 0.58 0.59 0.87 0.61 054 06 063 062 088 0.54




e 3-4 Coefficients of Egs. (3-1). (3-2), (3 3-5
Coal TA PL DA ER LI BR
0.969 0972 0911 0.899 0.907
-0.997 -1.052 -0.937 -0.923 -0.94
0.204 0.333 0.299 0.221 0.304
0.852 1.42 0.783 0.889 1.553
1.13 3.52 2,133 0.979 3.026
530 568 762 869 808

0.573

0.984




Table 3-5 Calculation steps of particles holdup ratio in fluidized bed

D, =0824{aU}*
D,=1.64{a(U-U_,))" if D,>dthenD,=d
D, =D,,-(Dy,-D,,) exp(-0.3L /d)

Uy, = 017
U, =(U-U,+07114/938D,
e =015

d =1-{1{(U-U_9/U.l(1-¢)

$ = $al-7+4L3) (TA)
§ = ¢ (187419  (PLDAERLLBR)
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Fig. 3-1 Size distributions of particles
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3 : Air compressor 11 : Scrubber
4 : N2 heater 12 : Gas filter
5 : Coal hopper 13 : Pressure control valve
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8 : Overflow hopper

Fig. 3-2 Flow Scheme of bench-scale fluidized bed apparatus
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Fig.3-3 Gasification reactors in bench scale fluidized bed apparatus
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Fig.3-10 Relationship between carbon conversion and carbon overflow fraction
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Table4-1 Correlation of gasification rate and pressure formula

Char
gasification |Pressure formula TA PL DA ER LI BR Mean
rate
r (P+P)/(P+P,) 0855 0666 0658 0718 0880 0426 0.700
PJ/P, 0814 0735 0538 0489 0852 0487 0652
PJ/P, 0814 0553 0602 0.833 0887 0377 0678
PP, 0541 0587 0561 0500 0.843 0384 0570
P 0575 0786 0323 0412 0.840 0386 0554
Ps 0.177 0521 0380 0570 0.834 0336 0470
1 0250 0.597 0534 0363 0.856 0.856 0.576
-1 (PA+P)/(P+P.) 0.878 0476 0524 0675 0.886 0363 0.634
P/P, 0.883 0.722 0476 0509 0860 0430 0.647
PJ/P, 0.761 0.561 0508 0811 0.882 0335 0.643
PP, 0509 0617 0722 0557 0848 0348 0.600
P. 0.680 0.764 0542 0481 0850 0355 0612
Py 0.161 0452 0484 0.648 0.835 0308 0481
1 0.227 0.598 0506 0.436 0.865 0.838 0.578
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Fig.4-1 Equilibrium of water shift reaction
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Fig. 4-2 Estimation of char gasification rate: casel
Char gasificarion rate (Q,/2) =(CO + H, production rate ) / 2,

Pressure form = (P +P /(P +P )
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Fig. 4-3 Estimation of char gasification rate: case 2
Char gasificarion rate (QI /2) =(CO + H, production rate ) / 2,

Pressure form =P /P,
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Fig. 4-4 Estimation of char gasification rate: case 3
Char gasificarion rate (Q /2 ) =(CO + H, production rate ) / 2,

Pressure form =P/ P
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Fig. 4-5 Estimation of char gasification rate: case 4
Char gasificarion rate (Q /2) =(CO + H, production rate ) / 2,

Pressure form =P +P
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Fig. 4-6 Estimation of char gasification rate: case 5

Char gasificarion rate (Q /2) =(CO + H, production rate )/ 2,
Pressure form = P_
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Fig. 4-7 Estimation of char gasification rate: case 6
Char gasificarion rate (Q /2 ) =(CO + H, production rate ) / 2,

Pressure form = P,
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Fig. 4-8 Estimation of char gasification rate: case7
Char gasificarion rate Q = (CO + H2 production rate ) / 2,
Pressure form = 1
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Fig. 4-9 Estimation of char gasification rate: case 8
Char gasificarion rate (Q, - Q) /2

=(CO + H, production rate ) / 2 - Volatile H, /2,

Pressure form = (P+P (P +P )
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Fig. 4-10 Estimation of char gasification rate: case 9
Char gasificarion rate (Q - Q,) /2

= (CO + H, production rate )/7 - Volatile H_,

Pressure form = (P_/ P“)
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Fig. 4-11 Estimation of char gasification rate: case 10
Char gasificarion rate (QK - Q") 2

=(CO + H, production rate ) / 2 - Volatile H,,

Pressure form = (P +P /(P +P )
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Fig. 4-12 Estimation of char gasification rate: case 11
har gasificarion rate (Q - Q) /2

= (CO + H, production rate ) / 2 - Volatile H.,

Pressure form =P +P,
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Fig. 4-13 Estimation of char gasification rate: case 12
Char gasificarion rate (QI - Qn) 2
=(CO + H, production rate ) / 2 - Volatile H,,

Pressure form = P_
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Fig. 4-14 Estimation of char gasification rate: case 13
Char gasificarion rate Q-Q)”2
=(CO + H, production rate )/ 2 - Volatile H,,

Pressure form = P,
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Fig. 4-15 Estimation of char gasification rate: case 14
Char gasificarion rate (Q‘ - Qh) 2
= (CO + H, production rate )/ 2 - Volatile H_,

Pressure form = 1
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Fig. 4-16 Correlation of pressure formula
Char gasification rate : Q/2
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Fig. 4-17 Correlation of pressure formula
Char gasification rate : (Q, - QhJ /2
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Fig. 4-18 Comparison of correlation between
Char gasification rates : Q /2 and (Q, - Qh) /2
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Fig.4-19 Relationships between char gasification rate and pressures of
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Table 5-1 (1/4) Experimental conditions and results of pilot plant

No ITM Pl TA2-PI TA3-PI TA4-Pl TAS-Pl TA6-PI TAT-PI TAS-P2 TAO-P2 TAIOP2

Pressure MPa] 2.08 2.12 2,11 2.12 2.12 2.13 2.13 2.11 2.1 2.12

Lower gasifier

Temperamre  [K] 1217 1228 1221 1221 1273 1225 1216 1202 1208
Steam [kgh '] 1863 1934 1935 1854 1879 1591 1843 1992 1530 1358
LowerAir _[kgh 2590 2471 2514 2579 2515 2001 2712 2047 2186 1952
Produa gas [kmol's 1983 195.7 196 197.8  197.6 163.5 1994 186.1 167.5 149.9
H 5.1 3.2 1.6 4.4 3.8 4.4 4.3 7.5 8.5
co 1.4 0.8 0.4 I 1 1.3 1.2 1.4 24 27
CH. [%] 019 013 023 019 012 016 011 0.14 029 035
HO 47.1 516 532 47.6 502 504 468 542 426 412

co 10.7 9.8 9.6 11.2 10.2 10.4 10.6 9.2 11.8 12

N 35.2 34 35 351 343 33 366 296 352 351

Upper gasifier

Temperamre  [K] 1127 1150 1206 1120 1124 1187 1124 1128 1130 1150
Coal 1 1273 1395 1445 1228 1250 1544 1258 1161 1249 1259
HHV(wet) [MJkg ']| 26,03 26.45 26.92 26.87 26.03 2582 25.99 26 2621 263
Moisture (wet) [% 3.7 3.5 3.2 3.5 3.5 3.5 3.6 3.5 33 34
Ash (dry) 16.6 15.7 146 145 16.8 17.2 16.7 168 164 161
Carbon (dry) 64.4 652 659 665 639 651 645 644 647 65
Upper Air__[kgh 1208 1883 2333 1207 1320 2474 1176 1322 1475 1702
Produa gas [kmol s 283.6  310.7 3302 279.5 279.5 3013 278 269.5 257 2486
H 10.5 10.7 10.2 10.7 10.1 12.3 99 113 115 1244
co 5.4 6 6.4 5.4 4.7 8.6 48 a8 6.6 7.93




Table 5-1 (2/4) Experimental conditions and results of pilot plant

No |"IM 1-P2 TA12-P2 TA13-P2 TAI4-P2 TA15-P2 TA16-P2 TAI7-P2 TAI8-P2 TAI9-P2 TA20-P2
MPa 212 2.14 2.15 2:13 2.13 2.14 2.14 2.12
Lower gasifier
Temperamre (K 1244 1227 1219 1218 1220 1240 1230 1247 1235 1236
Steam [kgh '] 1361 850 1405 1348 1221 866 1458 761 841 830
Lower Air 'kgh 1892 1600 1874 1971 2210 1501 1737 1643 1567
Produa gas [kmol s 147.1 1102 149.8 1525 1559 108 147.4  109.7 110
H 6.7 9.1 74 7.9 9.5 8.6 59 9.8 11.5 10.2
co 1.9 232 2.2 34 1.5 45 4
CH. .28 04 039 036 067 039 021 051 049 0.62
HO 441 328 438 405 328 352 486 27.7 299 314
co 121 141 14 128 129 128 105 148 148 141
N 346 391 337 348 382 374 317 403 384 392
Upper gasifier
Temperamre (K] 1180 1200 1142 1141 1140 1213 1170 1230 1134 1199
Coal lkg h 1299 1200 1200 1250 1246 1385 1241 1523 1037 1295
HHV (wet) [Mikg ']| 26.16  26.21 2632 2654 26.25 2644 2613 26.08 25.99
Moisture (wet) [%] 3.8 3.2 31 33 3.1 3.3 3.6 3.6 3.4
Ash (dry) (%] 16.4 16 16.1 15.6 16.3 16.5 15.8 16.4 16.5 16.9
Carbon (dry) 64.7 65 649 654 64.8 64.6 65.3 64.7 64.6 64.3
Upper Air__[kgh ] 2065 2332 1577 4419 4516 3128 4270 3178 3186 3115
Produa gas [kmols '] | 262.9 235.6 243 246 2422 255.9 2567 267.9 1835 231.2




Table 5-1 (3 /4) Experimental conditions and results of pilot plant

No [TA21-P2 TA22-P2 TA23-P2 TA24P2 TA25-P3 TA26-P4 TA27-P3 PLI-P3 PL2-P3
Pressure [MPa] 213 214 204 212 213 213 204 2483 23
Lower gasifier
Temperamre 1237 1257 1264 1244 1188 1251 1217 1194 1214
Steam kgh 1012 936 894 991 912 917 989 769 1058
LowerAir _[kgh '] 1347 1457 1302 1444 1573 1290 1150 1199 1115
Produg gas ‘:kmnlx 1] 104.8 106.4 101.9 105.4 111.7 103.2 101.3 111.8 105.3
H 9.4 86 4.7 7.3 5.4 4.9 6.7 4.6 5.2
co 1.9 28 2.8 1.6 23 2.6 1.3 L9 2
CH, %] 0.43 038 02 036 038 021 0.31 0.31 0.25
HO 49.5 392 372 488 40 364 479 372 489
co 9 13.1 13.6 99 126 13.7 11.6 12.2 9.5
N 34.6 36.9 344 369 37.9 337  4l2 33.6 337
Upper gasifier
Temperaure _ [K] 129 1240 1268 1214 1182 1255 1180 1215 1249
Coal kg h 895 1396 1399 1305 1260 1385 1264 951 900
HHV (wet) [MJkg 25.82 2622 26.66 25.57 2598 2631 2634 2892 28.94
Moisture (wet) [%] 33 3.5 2.9 4.1 4.1 38 3.75 3 2.9
Ash (dry) 17.4 16.2 15.5 17.5 16.4 15.8 157 9.3 10.6
Carbon (dry) _ [%] 719 638 649 655 634 641 653 653 731
Upper Air__ [kgh 3037 3081 2953 3054 3235 2990 2629 1839 1760
Produa gas [kmol s 167.4 257.8 270 2434 236.1 2734 2382 2054 1974
H, 12.8 12.7 127 13.06 125 13.29 13 10.6 10
co 8.3 12,9 11.98 108 12.7 116 6.9 6.9




Table 5-1 (4 /4) Experimental conditions and results of pilot plant

No. PL3P3 LIP3 LI2-P3 ERI-P3 BRI-P3 BR2-P3 BR3-P3 BR4-P3 DAI-P3
ure MPa 26 203 234 213 2 2.13 13 214 215
Lower gasifier
Temperature 1200 1291 1306 1260 1296 1308 1313 1313 1250
Steam [kgh 1014 659 586 826 754 722 697 915 880
LowerAir _[kgh 1190 159 1296 1017 1035 1031 1059 1194 1015
Produa gas [kmol s 109.5  88.1 101 965 905 91.5 917 1054 97
H 5.1 8.8 10 2.3 42 4.5 4.9 4.1
co 23 5.1 5.4 1.3 2.1 2.2 2.7 1.9 1.2
CH, % 0.26 0.67 0.6 0.15 0.22 0.23 0.24 0.21 0.14
HO 47.6 326 25 49.9 453 426 406 468 526
€O: 9.8 134 14.8 9.3 10.2 10.6 11 9.6 8.8
N 34.5 39.1 43.6 36.2 37.5 39.4 40.1 36.7 34.7
Upper gasifier
Temperanre (K] 1245 1321 1318 1270 1301 1318 1289 1312 1238
Coal [kg h'] 894 1028 977 607 654 734 646 743 530
HHV (wet) [MIkg 28.94 2718 27.06 28.08 2898 2934 29.15 29.39 30.44
Moisture (wet) [%] 2.9 1.6 1.1 2.4 3.5 3.1 32 33 23
Ash (dry) 10.6 19.3 20.1 13.3 8.8 8.1 8.5 By 29
Catbon (dry) T1.9 . 67 - SRS . 03 . 754 751 75 754 76.6
Upper Air__[kgh 1921 2562 2358 1662 1906 2165 1830 2118 1405
Produa gas [kmol s 206.8 207.6 201.8 1653 1752 1872 171.2 2017 156
H: 10.6 11.3 10.9 94 10.1 10.2 10.2 10.14 94




Table 5-2 Gasification conditons of bench scale apparatus and pilot plant

Benchscaleapparatus

Pilotplant

Pressure [ MPa]
Temperature [K]

Codl [kgh']
Air/Caal [kekg']
Steamy/Coal [kekg']
Nitrogen/Coal [kekg']
Bedheight [m]
Beddiameter [m]
Bedvolume [m']

Bed gas elocity [ms']

Free board gas vel ocity [ms']

12 0r2.1
1090~ 1370
2.1~6.7
3.0~6.0
0.1~0.5
2~6
0.6~0.8
0.11
3.7~4.9%10%
05~1.2

0.14 ~ 0.37

2.0=2.1
1120~1320
600~ 1540
3.0~42
0.6~1.5
0

5

0.75~0.9

0.75~0.88
0.4~0.9
0.2~0.5
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Fig.5-1 Flow scheme of pilot plant coal gasifier
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Table6-1 Coefficients of Eq.(6-1) in methane yield

[MPa']

TA
PL

ER
L1
BR

5.07X10*
6.14x10*
3.98x10*
2.09X10°
2.80%X10°
3.88% 10"
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Fig.6-1 Effects of temperature and hydrogen pressure on methane yield
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Table 7-1 Typical input items of mass and heat calculation for coal gasifier

Operarion conditions Pressure MPa
Temperature of air K
Steam/Coal 0
Temperature of steam K 573.15
Coal conditions Coal species 15}
Coal kg/h 62500
Temperature of coal E 293.15
HHYV of coal kl/kg 26510
Carborn in coal % 66.90
Hydrogen in coal % 4.63
Oxygen in coal % 5.88
Ash in coal % 16.92
Water in coal % 3.60
Etc. in coal % 2.07
Oxidizer condition ‘Temperature of oxidizer K 1173.15
0. concentration in oxidizer g2 % 4
Fluidization conditions Velocity in upper fluidized bed m/s 0.65
Velocity in lower fluidized bed m/s 1
Minimum fluidization velocity m/s 0.17
€ 0.16
Nor 1
Methan evolution n MPa 0.00280
e 0.9300
Tm 1473
Bed carbon content a - 0.899
3 - -0.923
ay 0.221
as - 0.889
asy 0.979
as 869
a 1.238
Char gasification A s 6240000
E kJ mol 240




Table 7-2 Typical output of mass and heat calculation for coal gasifier

Gasification_Conditions Gasification rate
Coal kg/h 62500 Bed m 183.73831
Species L Lower Bed
Steam kg/h 0 Diameter m 4.935
Temperature K 573.15 Height m 1.500
Pressure MPa 2.13 Velocity m 1.000
Oxidizer Air kg/h $8716.97 Upper Bed
Combustion Gas of ke/h 9493358 Diameter m 6.121
oxidizer Height m 5.273
Temperature K 1173.15 Velocity m 0.650
[es} % 17.0 Total Bed Height: L m 6.773
N 79.0 Minimum Fluidization
0. 4.0 s Umf m/s 0.17
Gasifier Air 217109.28 Void fraction; ¢ - 0.16
Temperature 423.15 Bubble fraction; & 0.32
Carbon Conversion % 85 Holdup: ¢ - 0.569
Gasification Gas kg/h 356401.58 Bed Density; kg/m 711
Temperature K 1298.15 Bed Carbon Content
co % 17.96 X - 0.407
Bed Carbon
H % 5.91 14 oXIM mole 5069
Co. 7.44 Coefficient of gas
interchange: K s 0.95
HO % 3.77 Bubble Bed Height m 339
CH. % 114 Bubble Diameter. D, m 0.805
N, % 63.78 Emuision Phase CO;
HHV. keal/Nm 915 +H:0: Cesd mole/m 17.32
Heat Balance (Total) keal/h 410.516,397 Emulsion Phase CO
Input +Hs; Cehu mole/m’ 53.74
Coal keal/h 57,438 Outler CO;+H.0
Air kcal/h 6,614,749 - Cbu(L) mole/m 21.42
Steam kcal/h 0 Outlet CO +H:
Sy:‘;:yl::/t:‘ O el 15600809 S Chuil) mole/m’ 45.58
Output T mole s’ m 2.44
Gasification Gas kcal/h 353,716,060 T mole s” m” 1.68
Char and others keal/h 54,583,698 O: Stwichiometric ratio 0.544
Heat loss keal/h 2.216.639




Table 7-3 (1/2) Effect of amount of coal on gasifire size and conditions

Gasification Conditions No. 2 3 B 5
Coal kg/h 6.25 62.5 625 6250 62500
Species TA TA TA TA A
Steam kg/h 1.25 12.50 125 1,250 12,500
Temperature K 573.15 573.15 573.15 573.15 573.15
Pressure MPa 213 2.13 2.13 2.13 2.13
Combustion Gas of Oxidizer kg/h 8.96 89.61 896.06 8.959 96 89,605.79
Temperature K 17305 117315 117345 11735 1173.15
CO; % 17.0 17.0 17.0 17.0 17.0
N % 79.0 79.0 79.0 79.0 79.0
O, %o 4.0 4.0 4.0 4.0 4.0
Air ke/h 18.43 184.26 1.788 15,229 147,273
Temperature K 423.15 42315 423.15 423.15 423.15
Carbon Conversion % 85 85 85 85 85
Gasification Gas ke/h 33.24 332.42 3.270 30,044 295,433
Temperature K 122315 122305 122315 122315 1223.15
co % 12.99 12.99 13.41 15.66 16.13
H % 6.33 6.33 6.51 7.40 7.57
€O, 10.95 10.95 10.77 9.86 9.66
H.O % 7.19 7.04 6.27 6.12
CH. % 2.82 2.94 3,59 173
N, % 59.72 59.72 59.32 57, 56.79
HHV kcal/Nm' 926 926 958 1128 1163
Heat Balance (Total) keal/h 41050 411500 4,114,997 41.149.877 411,499,709
Input Coal keal/h 38.879 388,793 3,887,927 38,879.274 388,792,735
Air kcal/h 561 5614 54,485 463,980 4,487,008
Stk keal/h 887 8,871 8807 887,070 8,870,704
Comtanion Crs gt keal/h 1384 13.836 138,363 1,383,533 13,836,270

Oxidizer ’ r
Output  Gasification Gas keal/h 33,722 337224 35,577,041  358.663,050
Char and others kcal/h 5,095 50,948 509.478 5,094,776 50,947,763
Heat loss keal/h 2.333 23.328 201,625 478.059 1,888,895




Table 7-3 (2/2) Effect of amount of coal on gasifire size and conditions

Gasification rate No 1 2 3 4 s
Bed m 0.00584 0.04830 0.00605 9.71029 100.42049
Lower Bed

Diameter m 0.046 0.147 0.460 1.405 4.412
Height m 1.500 1.500 1.500 1.500 1.500
Velocity m 1.000 1.000 1.000 1.000 1.000
Upper Bed

Diameter m 0.057 0.182 0.571 1.743 5.472
Height m 1.277 0.888 0.951 3.099 3.297
Velocity m 0.650 0.650 0.650 0.650 0.650
Total Bed Height: Lo m 2771 2.388 0.549 4.599 4.797
Minimum Fluidization; U m/s 0.17 0.17 0.17 0.17 0.17
Void fraction; ¢ 0.16 0.16 0.16 0.16 0.16
Bubble fraction: 0.56 0.45 0.45 0.34 0.34
Holdup: ¢ 0.371 0.463 0.459 0.555 0.554
Bed Density, o kg/m 463 463 463 463 463
Bed Carbon Content; X, 0.344 0.344 0.344 0.344 0.344
Bed Carbon: ¢ 0 X. /M mole 1823 2273 2250 2723 2717

Coefficient of gas interchange; o
13.30 4.50 4.77 1.21 1.24
Bubble Bed Height m 1.39 1.19 0.27 2.30 2.40
Bubble Diameter, D\ m 0.058 0.170 0.160 0.631 0.617
Emulsion Phase CO: + H.O; mole/m 36.76 36.35 51.25 26.36 26.23

Cesd
Emulsion Phase CO + Hy; mole/m’ 39.14 39.95 10.07 59.38 59.54
Cehu

Outlet CO; + H.0; Ch,{L) mole/m 36.7 36.76 32.71 32.00
Outlet CO + H.: Chu.(L) mole/m 39.14 39.13 46.69 48.00
T mole s’ m 471 5.88 5.54 4.98
Tes mole s m 4.71 5.70 3.20
- 0.106 0.106 0.109 0.123 0.126
0 Stoichiomerric ratio 0.509 0.509 0.499 0.448 0.439




Table 7-4 (1/2) Effect of amount of coal on gasifire size and conditions in TA

Gasification Conditions No 6 7 8 9 10
Coal kg/h 6.25 62.5 625 6250 62500
Species s u u u LI u
Steam keg/h 0 0.00 0 0 0
Temperature K 573.15 573.15 573.15 573.15 573.15
Pressure MPa 2.13 2.13 2.13 2.13 2.13
Combustion Gas of Oxidizer kg/h 9.49 94.93 94934 9,495.60 9493358
Temperature K 1173.15 1173.15 1173.15
0. % 17.0 17.0 17.0
N % 79.0 79.0 79.0 79.0 79.0
o % 4.0 4.0 4.0 4.0 4.0
Air ke/h 25.82 258.17 2,519 22,891 223858.29
Temperature K 423.15 423.15 423.15 423.15 423.15
Carbon Conversion % 85 85 85 85 85
Gasification Gas kg/h 36.823 363150.59
Temperanure K 1323.15 15
co % 17.06 17.56
H. % 5.64 5.82
co, % 9.25 9.25 8.95 7.82 7.56
HO % 4.85 4.85 4.7 4.16 4.03
| CH. % 0.71 0.71 0.75 0.91 0.95
N % 66.20 66.20 65.83 64.40 64.07
HHY keal/Nm 710 710 740 855 882
Heat Balance (Total) keal/h 41.052 410,516 4.105.164 41,051,983 410,516,397
T » R0 keal/h 39,586 395,857 3,958,574 39,585,744  395,857.438
At keal/h 787 7.866 76,742 697,434 6.820,374
et keal/h 0 0 0 0 0
f;‘:m:'l“:"'" ey of keal/h 1,466 14,659 146,590 1,466,240 14,658,959
Output  Gasification Gas keal/h 33.204 3,360,038 35,035,692 353,520,768
Char and others keal/h 5.472 547.198  5.471.976  54.719.758
Heat loss keal/h 2.375 ; 197,929 544,316 2.275.872




Table 74 (2/2) Effect of amount of coal on gasifire size and conditions in TA

Gasification rate No. 6 7 8 9 10
Bed m 0.00599 0.05157 0.64025 10.93714  113.92280
Lower Bed

Diameter m 0.052 0.165 0.518 1.598 5.025
Height m 1.500 1.500 1.500 1.500 1.500
Velocity m 1.000 1.000 1.000 1.000 1.000
Upper Bed
Diameter m 0.065 0.204 0.642 1.982 6.233
Height m 0.854 0.599 1.005 2.572 2.761
Velocity m 0.650 0.650 0.650 0.650 0.650
Total Bed Height: L, m 2.354 2.099 2.505 4.072 4.261
Minimum Fluidization; Uy, m/s 0.17 0.17 0.17 0.17 0.17
Void fraction: « - 0.16 0.16 0.16 0.16 0.16
Bubble fraction: & 0.55 0.44 0.39 0.35 0.35
Holdup: ¢ - 0.382 0.468 0.515 0.550 0.547
Bed Density; p kg/m’ 711 711 711 711 71
Bed Carbon Content; X, - 0.407 0.407 0.407 0.407 0.407
Bed Carbon; ¢ 0 X, /M mole 3403 4173 4586 4899 4875
Coefficient of gas interchange
Ke . 11.82 4.22 2.26 1.32 1.38
Bubble Bed Height m 1.18 1.05 1.25 2.04 2,13
Bubble Diameter: Do m 0.065 0.181 0.338 0.580 0.555
Emulsion Phase CO: + H,0; mole/m 26.42 25.84 22.91 17.87 17.78
Cesd
Emulsion Phase CO + H.; mole/m 3555 36.71 42.37 51.67 51.67
Cehu
Outler CO;+ Hy0: ChidL) mole/m’ 26.42 26.42 25.60 21.72
Outlet CO + H;: Ch(L) mole/m 35.57 35.57 37.01 4381
Few mole s* m”* 3.97 4.87 4.98 4.06 3.80
s mole s' m 4.62 3.90 2.66 2.64
7e 0.029 0.029 0.031 0.035 0.037
0. Stoichiometric ratio - 0.617 0.617 0.606 0.565 0.556




Table 7-5 (1/2) Effect of temperature on gasifire size and conditions in LI

Gasification_Conditions No 11 12 10
Coal kg/h 62500 62500 62500
Species u L Ll
Steam kg/h 0 0 0
Temperature K 573.15 573.15 573.15
Pressure MPa 2.13 2.13 2.13
Combustion Gas of Oxidizer ke/h 94,933.58 9493358 94,933.58
Temperature R 1173.15 1173.15 1173.15
o, % 17.0 17.0 17.0
% 79.0 79.0 79.0
o % 4.0 4.0 4.0
Air ke/h 210,533 217109.28 223,858
Temperature K 423.15 423.15 423.15
Carbon Conversion % 85 85 85
Gasification Gas ke/h 349,825 356401.58 363,151
Temperature K 1273.15 1298.15 1323.15
(6] % 18.35 17.96 17.56
H % 5.99 5.91 5.82
co. % 7.31 7.44 7.56
HO G 3.52 3.77 4.03
CH. % 1.33 1.14 0.95
N. G 63.49 63.78 64.07
HHV keal/Nm 948 915 882
Heat Balance (Total) keal/h 410,516,397 410,516,397 410,516,397
Gipee  |C0 keal/h 395,857,438 395.857.438 395,857,438
Air keal/h 6,414,391 6,614,749 6,820,374
Steam kcal/h 0 0 0
f)‘::‘[:’]";:"'" Sl keal/h 14,658,959 14,658,959 14,658,959
Output  Gasification Gas keal/h 910050 353,716,060 353,520,768
Char and others keal/h 54,447,639 54,583,698 54,719,758
Heat loss keal/h 2.158.709 2.216.639 2.275.872




Table 7-5 (2/2) Effect of temperature on gasifire size and conditions in LI

Gasification rate No. 16 17 15
Bed m 300.0 183.7 113.9
Lower Bed
Diameter m 4.845 4.935 5.025
Height m 1.500 1.500 1.500
Velocity m 1.000 1.000 1.000
Upper Bed
Diameter m 6.009 6.121
Height m 9.608 5.273
Velocity m 0.650 0.650 0.650
Total Bed Height: L, m 11.108 6.773 4.261
Minimum Fluidization; Uy m/s 0.17 0.17 0.17
Void fraction; « 0.16 0.16 0.16
Bubble fraction: & 0.30 0.32 0.35
Holdup: ¢ - 0.590 0.569 0.547
Bed Density: p kg/m’* 711 711 711
Bed Carbon Content: X, - 0.407 0.407 0.407
Bed Carbon: ¢ o X. /M mole 5253 5069 4875
Coefficient of gas interchange: =
% 0.64 0.95 1.38
Bubble Bed Height m 5.55 3.39 213
Bubble Diameter: D, m 1.202 0.805 0.555
Emulsion Phase CO: + H.0: mole/m’ 16.91 17.32 17.78
Cesd
Emulsion Phase CO + Hy mole/m 55.77 53.74 51.67
Cehu
Outlet CO; + H.0: Cbu(Ly) mole/m* 21.10 21.42 21.72
Outlet CO + Ha: Ch, (L) mole/m 47.40 45.58 4381
T mole s' m” 1.54 2.44 3.80
Tat mole s* m 1.05 1.68 2.64
0.049 0.043 0.037
0. Stoichiometric ratio - 0.532 0.544 0.556




Table 7-6 (1/2) Effect of carbon conversion on gasifire size and conditions in L1

Gasification Conditions 13 12 14
Coal kg/h 62500 62500 62500
Species : u u u

Steam ke/h 0 0 0
Temperature K 573.15 573.15 573.15

Pressure MPa 2.13 2.13 2.13
Combustion Gas of Oxidizer ke/h 126588.19 94933.58 92842.91
Temperature K 1173.15 1173.15 1173.15

o % 17.0 17.0 11.3

N. % 79.0 79.0 79.0

0. % 4.0 4.0 9.7

Air ke/h 207000.34 217109.28 190196.94
Temperature X 423.15 423.15 423.15

Carbon Conversion % 80 85 90
Gasification Gas ke/h 375856.57 356401.58 329489.25
Temperature K 1298.15 1298.15 1298.15

‘ © % 16.03 17.96 20.88
( H % 5.26 5.91 6.89
| o, % 8.43 7.44 5.94
HO % 4.27 3.77 3.02

CH. % 0.97 1.14 1.41

N, [ 65.04 63.78 61.87

HHV kcal/Nm 812 915 1073

Heat Balance (Total) keal/h 415,404,260 410,516,397 410,154,385
Yepa | Caa keal/h 395,857,438 395,857,438 395,857,438
Air keal/h 6,306,756 6.614,749 5,794,801

- keal/h 0 0 0
g'\"";?:r‘“'" e keal/h 19,546,822 14,658,959 14,296,947

Output Gasification Gas keal/h 341,527,386 353,716,060 370,458,253
Char and others keal/h 71,591,340 54,583,698 37,576,057

Heat loss keal/h 2,285,534 2.216,639 2,120,075




Table 7-6 (2/2) Effect of carbon conversion on gasifire size and conditions in LI

asification rate 13 12 14
Bed m 99.91006 183.73831 465
Lower Bed
Diameter m 5.040 4,935 4.784
Height m 1.500 1.500 1.500
Velocity m 1.000 1.000 1.000
Upper Bed
Diameter m 6.251 6.121 5.934
Height m 2.282 5.273 15.857
Velocity m 0.650 0.650 0.650
Total Bed Height: L, m 3.782 6.773 17.357
Minimum Fluidization; Uy, mis 0.17 0.17 0.17
Void fraction: & 0.16 0.16 0.16
Bubble fraction: 4 0.36 0.32 0.28
Holdup: y 0.541 0.569 0.605
Bed Density: o kg/m’ 659 711 763
Bed Carbon Content: X, 0.452 0.407 0.342
Bed Carbon: ¢ o X. /M, mole 6182 5069 3677
Coefficient of gas interchange; "
1.51 0.95 0.45
Bubble Bed Height m 1.89 3.39 8.68
Bubble Diameter: D, m 0.505 0.805 1.701
Emulsion Phase CO; + H.O: mole/m 20.63 17.32 12.56
Cesd
Emulsion Phase CO + Hz; mole/m’ 47.88 62.07
Cehu
Outlet CO; + H:0: ChudLy) mole/m 24.25 21.42 17.10
Outlet €O + Hz: Chu(L) mole/m’ 40.66 45.58 53.02
T mole s” m 3.78 2.44 1.22
L mole s m” 2.73 1.68 0.76
0.038 (.043 0.050
0. Stoichiometric ratio 0.579 (.544 (.496




Table 7-7 (1/2) Effect of amount of steam on gasifire size

and conditions in L1

Gasification Conditions 12 15 16 17

Coal kg/h 62500 62500 62500 62500

Species u u u u

Steam kg/h 0.00 12,500.00 25,000 37,500

Temperature K 573.15 573.15 573.15 573.15

Pressure MPa 2.13 2.13 2.13 2.13

Combustion Gas of Oxidizer kg/h 94 933.58 94,933.58 94,933.58 94,933.58
Temperature K 117315 1173.15 1173.15 1173

CO; % 17.0 17.0 17.0 17.0

N % 79.0 79.0 79.0 79.0

0. K 4.0 4.0 4.0 4.0

Air ke/h 217109.28 218801.50 222,484 227,508

Temperature K 42315 423.15 423.15 423.15

Carbon Conversion % 85 85 85 85

Gasification Gas kg/h 356401.58 370593.80 386,776 404,300

Temperature K 1298.15 1298.15 1298.15 1298.15

co 17.96 14.68 12.16 10.20

H % 5.91 7.02 7.61 7.88

co, % 7.44 9.25 10.41 11.13

HO 3.77 6.81 10.04 13.26

CH, % 1.14 1.28 1.32 1.29

N % 63.78 60.95 58.45 56.23

HHV Keal/Nm 91s 857 796 736

Heat Balance (Total) kcal/h 410.516,397 419,387,101 428.257.805 437,128.509

feipht Ol keal/h 395,857,438 305,857,438 395,857,438 395,857,438

Air keal/h 6.614.749 6,666.306 6,778,498 6,931,562

AR keal/h 0 8.870.704 17,741,407 26,612,111

gf""gf'l“:r‘"'" Daxict keal/h 14,658.959 14,658,959 14,658,959 14,658,959

Qutput Gasification Gas kcal/h 353,716,060 362,503,422 371,281,804 380,054,555

Char and others kcal/h 54,583,698 54,583,698 54,583,698 54,583,698

Heat loss keal/h 2.216.639 2,299,981 2,392,303 2.490.255




Table 7-7 (2/2) Effect of amount of steam on gasifire size and conditions in LI

Gasification rate 12 15 16 17
Bed m 109.34854 75.45049 56.32179
Lower Bed

Diameter m 4.935 5.062 5.200 5.344
Height m 1.500 1.500 1.500 1.500
Velocity m 1.000 1.000 1.000 1.000
Upper Bed

Diameter m 6.121 6.278 6.450 6.628
Height m 5.273 2.559 1.336 0.658
Velocity m 0.650 0.650 0.650 0.650
Total Bed Heigh: L, m 6.773 4.059 2.836 2.158
Minimum Fluidization; U, m/s 0.17 0.17 0.17 0.17
Void fraction; « - 0.16 0.16 0.16 0.16
Bubble fraction; & 0.32 0.35 0.37 0.39
Holdup: ¢ - 0.569 0.545 0.527 0.513
Bed Density; o kg/m 711 7 711 711
Bed Carbon Content; X, 0.407 0.407 0.407 0.407
Bed Carbon: ¢ o X. /M maole 5069 4854 4696 4575

Coefficient of gas interchange ‘
Ke 0.95 1.43 1.89 2.30
Bubble Bed Height m 3.39 2.03 1.42 1.08
Bubble Diameter. D, m 0.805 0.534 0.405 0.332
Emulsion Phase CO. + H.0; mole/m 17.32 26.81 35.38 43.02

Cesd
Emulsion Phase CO + H. mole/m 53.74 49.16 45.12 41.64
Cehu

Outlet CO; + H:0; Cbu(Ly) mole/m 21.42 30.68 39.06 46.59
Outlet CO + Hy: Chu(L) mole/m 45.58 41.43 37.77 34.52
T mole s m 2.44 3.69 4.98 6.34
T mole s’ m 1.68 3.78 4.85
0.043 0.051 0.055 0.057
0. Stoichiometric ratio 0.544 0.547 0.554 0.563




INPUT: Temperature, Pressure, Coal, Other feed
gases (H,0, CO,, O, N, H, CO, CH,)
Carbon conversion

-

Assume Heatloss

<

ICalcuIate mass balance of oxidizer ]

Assume amount of feed air

Assume CH, yield
Assume water shift reaction

Calculate mass balance
1) Cakulate mass balance
in Table 2 - 1
2) Cakulae CH. yeld rate
3) Calkulate gaseous
pressures n Table2-2

Check coincedence

water shift

Calculation of enthalpy balance
in coal gasifier

Check
completion of
enthalpy balance

Assume bed volume

Calculate fluidized bed conditions
1) Bed carbon amount
2) Bubble Diameter
3) Coefficient of gas interchange
4) Char gasification rate

Check
coincedence between
assumedand calculated
Heatloss

Fig. 7-1 Flowchart of mass and heat balance
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Gasification Gas 356,402 kg/h
Temperature 1,298 K
CcOo 18.0 %
Hz 59 %
COz 74 %
H20 38 %
CHa 11 %
N2 63.8 %
HHV 915 kcal/Nm3
Entrained char 6.216 kg/h
Cabon content 239 %
N
IS
w| N
©
Coal 62,500 kg/h H
Steam | 0-6,250 kg/h %
Air 217,109 kg/h '
Temperature 1173 K
co2 17.0 %
Nz 79.0 % Overflow char 10,630 kg/h
02 4.0 % Cabon content 45.0 %

Fig. 7-27 Typical mass balance and sizees of 200 MW (62,500 kg/h)

coal gasifier for A-PFBC
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B (13)

reaction constant defined by Eq.(4-7)

cross area of fluidized bed

cross area of nozzle

concentration in bubble phase
concentration in emulsion phase

bubble diameter

diameter of fluidized bed

activation energy defined by Eq.(4-7)

feed coal

feed oxygen gas

feed steam gas and water in coal

fraction of small particles weight in feed coal
rate constant

rate constant

rate constant

rate constant

rate constant

coefficient of gas interchange

weight per 1 mole carbon

weight per 1 mole hydrogen

weight per 1 mole oxygen

bed height

bed height from distributor to top of overflow tube
pressure

feed rate of carbon in coal

total gasification gas

production rate of volatile H; in bench scale plant

production rate of sum of H; and CO of upper gasifier in
pilot plant

production rate of CH. in upper gasifier

reaction amount of water shift reaction

production rate of sum of H; and CO in bench scale plant
gas constant

Char combined gasification rate per unit volume
carbon gasification rate per unit volume

methane production rate per unit volume

temperature
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[mol m”)
[m]

[m]

[kJ mol ]
[kgs')
[kgs]
[kgs]
[-1

[s"]
[MPa's’]
[ MPa's"]
[MPa's’]
[MPa’s"]
[s']

[kg mol’)
[kg mol"']
[kg mol']
[m]

[m]
[MPa]
[mol s']
[mol s7]
[mol s7]
[mol s7]

[mol s7]
[mol s7]
[mol s']
kJ'K']
mol s’ m’]

mol s’ m’]

[

[

[mol s' m’]
[

[K]
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Tm emperical constant in Eq.(6-1) [K]

t time [s]

U superficial gas velocity of fluidized bed [m s

Vv bed volume [m']

W, carbon in fluidized bed [mol]

X carbon conversion carbon in a coal particle [-]

X ash content of feed coal [-]

X carbon content of fluidized bed char [-]

X carbon content of char in fluidized bed [-]

X carbon content of feed coal [-]

b &9 hydrogen content in feed coal [-1

X oxygen content in feed coal [-]

X, carbon content of overflow char [=1

o, empirical coefficient in Table 3-5 [-1]

o, empirical coefficient in Table 3-5 [-1

o empirical coefficient in Table 3-5 [-]

o empirical coefficient in Table 3-5 [-]

O empirical coefficient in Table 3-5 [-1

O empirical coefficient in Table 3-5 [-]

o, empirical coefficient in Table 3-5 [-1

oy empirical constant in Eq.(6-1) [MPa']

G empirical constant in Eq.(6-1) [-]

B calculation value defined by Eq.(5-18) [mol m’]

d volume fraction of bubble phase [-]

3 void of emulsion phase [-]

n. carbon conversion (mole fraction of carbon in product gasto [ -]
fed coal)

. mole fraction of carbon in overflow char to fed coal [-]

M= mole fraction of carbon in methane to carbon in coal [-]

p density [kg m?)

¢ particles hold up ratio (volume fraction of non-fluidization [-]
char to bed volume)

O particles hold up ratio estimated in Table 3-5 [-]

& weight fraction of ash in coal to ash in coal [-]

<subscripts>
b bubble or bubble phase
b0 initial diameter




bm maximum diameter

bn rsing velocity

cy carbon conversion in upper fluidized bed

cal estimated value in Table 3-5

cal-1 calculation value by completly mixed model

cal-2 calculation value by two phase model

cal-3 calculation value by modified two phase model

cz estimated carbon conversion by Eq.(5-26)

d carbon dioxide

dy carbon dioxide observed in pilot plant

€ emulsion phase

h hydrogen

hu sum of H, and CO

hy hydrogen observed in pilot plant

m methane

mcal estimated mole fraction of carbon in CH, to carbon in feed
coal

mf minimum fluidization

my obserbed mole fraction of carbon in CH; to carbon in feed

s steam

sy steam observed in pilot plant

sd sum of H,O and CO,

t total pressure

u carbon monoxide

uy carbon monoxide observed in pilot plant

y obserbed value of pilot plant reactor

estimated value by Eq.(5-27)
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