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Southern California Edison
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*=2 Texaco Coal Gasification Projects

Coal Fead Gasifier Start-Up
Rate |Cas Cooling Pressure | No. of Trains Date | Products Remarks
Plant (ton/day) (kg fend G) (Estimated)
Ruhr Chemie 150 W.H.B. ~35 1 Jan, 1978 Oxo Aleohal | Dema, Plant
Dow - = Power Air
Chemical Se0 Quench 45 1 May. 1979 Generaltion Gasification
TVA 170 Quench ~40 1 Jun, 1861 || Awwenin | Teccetosk
[llineis No.&
Tennessee Methanol Feedstock
E qrrln;n 710 Quench ~60 141 early. 1983 | Acetic Kentucky
= Unhvdride Ne.9
Cool Water 900 W.H.B, ~40) 1 Mid 1984 | Eower Demo, Plant
Generation
Ub Feedstok:
3 5 1,500 Quench ~35 3+ 1 Mid, 1984 Ammonia Canadian
Ammenia Coal
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%3 Shell 7" A {L4F O & 6z %5 R

IzptalRESUQE

In . Coal + carrier gas 4.847kg/ h
Oxygen 4,553kg/ h
Steam 700kg / h
Out . Gas 9,685kg / h
Solid residues 415kg/ h
Carbon conversion (without ash reeirculation) 99%
Slagging efficiency (slag carbon content 0.1% wt) 50—70%
Cold gas efficiency (ILHV basis) 79%
Thermal efficiency (incl, HP steam) 94%
Dry gas composition : H2 29.4% vol.
CoO 61.0% vol.
CO- 3.6% vol.
C.Ha 0.1% vol.
H:S 0.2% vol,
N 5.8% vol.

BRLKBRTOMHERD, AROLEHICL -
TEDLSY, BEROBEOHBNLEDOT
OBRHERIE0.9~1.0t/ t-mafRRT
b, BETIE, COHERIIH0.8izHDLT
5, KERQHERE, FEICEL, BERT
8% (ER) THROBAIEFTELAL
WS,

REDE PR [ £0IT, O Shellffi%
HREHELTHALLBAD 74—V 7 4
AT 4T - RSB EE SN TED,
TOMEE K4 iTRS,

ZOH T}, Shell4F & thiz TEXACO
Wh L UHBRAN S R E L TR |
FTWw3H, Shell4F & TEXACOHE @ R
B/ R M REE C TR AN KB HE
AR MBE—BGVEWSERTHE, L
kiR K 710D BN D BTENS B A D HIREIC
HxTENC L, FIARBGRT 2L v
4 FOhBEGwC LR EICHDVWTEBT S

WENH B EBDNS,
ShellitTI3, REH & &y 2 BEHIC
1,000t "do7e b 54 775 v bOEEE
AtEL TO7chs, M—iROMEHBENRD KX
CARSHNWIEED &0 Fillick b 2 DFHHE
kUi 72720, KED Shell Oil A3
gulad 75 - TShelllFlIZ LB FE 75 ¥ b %
KENCERLLIHIEVIBENHEL5TH
%o

5. KILn GasitiF

5.1 KILn GasARAZ{ETOEZR

KILn Gas7 o€ 2{x, o—41) —F
YERWI-EEREENE LIchAk o AbF
T, Allis-Chalmersttic £ A &0 T,
40744, East Altonit & d4 Y /415
$)Wood River#&E i 600t dD 7€ 77
Y rBIBIERETHRLTWE, WAz o H



x4 o & R oo B4
No. ro— A A Ak fodR OB fl 5 il l‘ FERRE | HOINET) | R | FIMEE Pttty
1 EXSC-1 Shell llinois No. 6 Chicago j 1990 1,122MW | 90% 75% | 11,0008 T/D
2 EXSC-L Shell Texas lignite Dallas | 1990 9BIMW ‘ 85% 76% | 17.0008 T/D
3 EXSC-1/D Shell Ulinois No. 6 Chicago 1990 1,119MW ] 99% +75% | 11,0008 T/D
4 EXSC-L/D Sheli Texas lignite Dallas 1990 960M W ’ 99% +75% | 17,0008 T/D
5 EXTC-MOD 2 | TEXACO Illinais No. 6 Chicago 1990 1,094MW r 90% 75% | 11,0008 T/D
6 G ] - Tllincis No. 6 Great Lakes Region 1990 987TMW ‘ 90% 65% | 11,0008 T/D
(B MREBEA F1122 400P ST, 1,000°F 1, 00071 |
% £ 5} S I
Foo— R Wik = =} Fhohaf :
# i s 0 #F M OF B
* EXSC-I $1.263/1W 9,182 Biu/kWh 37.17% 62.65 Mills/kWh (At #26%) 36.77 Mills/kWh
*EXSC-L $1,308/1W 9,983 Btu/kWh 34.19% 60.26 Mills/LWh (M #18%) 36.61 Mills/kWh
* EXSC-I/D $1,230/W 9,208 Buu/kWh 37.06%
¥ EXSC-L/D $1,287/10 10,071 Biu/kWh 33.89% o = ]
* EXTC-MOD 2 $ 1,316/ 9,417 Btu/kWh 36.24% 64,80 Mills/kWh (PR —%) 37.78 Mills/kWh T
s OB LA T $1, 145/ 9,982 Blu/kWh 34.19% 43.86 Mills/kWh

o

PR T A M 108G, A (G

W2t At — 2 TIEMGLWL6,7008 T/D, # 2 % — 1> AN CREE 2,000 (IGCC) .
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N2 47.8
G onsnvasnensrensenra e e 20.0
H:J. ......................................... 18.9
COZ ...................................... 10 0
CH g weereememmemmnrnssses s 1.5
HZO ....................................... 1 4
Hydrocarbons ««ssseesrmminnsnn 0.3
Sulfur Compounds »=esseeramemssreees 0.1
100.0%
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B k% 3.5% 7.5%
£ % 9 33.5% 27.2%
K a 10.0% 8.0%
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% 9 31.9% 29.0%
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B % # % 50.6% 46.0%
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H G 1 45~50 60
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g e
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F 4 KEORSE L O R EO ARG
King M Skyline i H Black Mesa JH (Z%)
1. J#® | i Utah #Price Fpg 15km Utahdt| Price 4tpE 15km Arizonal Kaenta g 20km
ol R | 3,000 F > 17,5000 b > 60,0007 F >~
6,0007 | > (Mohrland fH)
M4 | Roomand Pillar J5, W F—FHw b
HAERES 1205 b > /4 (iBFEMax.) 20007 b > /5 (1985 ) L4001 b > /4 (GRAWRE S )
807 b > /5 (1983 FE#t) 407 F /5% (1983 RO | 1,200 b > /4E(1983 EHD)
MoKz % | dEE 2,160 m EPEHL {EE 2,400m FEREME | BE 2,000m MR 7012 S
7 b P b
2. AR R BEAHKG 5-6%
el i o 7.3% 9 ~10% 11%
i 2% 5 11.8% 38.5%
K ar 5.8% 8.0% 9.8%
58 B 45.0% 38.5%
& o G 6,990kcal/kg 6,500kcal kg 6,830keal kg
HGI 46 48 40
3. HeE ¥ United State Fuel Co. Utah Fuel Company Peabody Coal Company
Coastal States Energy
Company : 50%
Getty Mineral Resources
Company : 50%
4. AROWEE ¥ 4k | Utah Power and Light #~. | Califormia Power and Light | 4007 } > 4'4=E274Mile?y
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#1 CHARACTERISTICS OF FUEL CELL POWER PLANTS

e Liuid Liquid Solid
Cell Type HPO, CO; 0°
Plant Efficiency, Electrical
natural gas, light hydrocarbons A0%I(1) 60%(2) 50%(3)
{no bottoming cycle)
coal (with bottoming cvcle) 35%1(3) 50%(2) 50%(3,5)
Heat Rejection Temperature, K (cogeneration) 460(4) 870 1170
Plant Complexity
gas, light liquids (no bottoeming cycle) moderate (1) low(2) very low(3)
coal (with bottoming cycle) high(3) hgh(2) moderate?(3,5)
Probable Mass and Volume (transportation) high(2) high(3) low (3,5)
Status Development near lags acid lags acid
commercial 5—10 years 10+ vears

with extensive development

author's estimate
calculated, hased on plant analysis
(1) demonstrated

(5)
(4) some heat available at higher temperature from fuel processing
(3)

)

% 2 CHARACTERISTICS OF FUEL CELL POWER SECTIONS

Cell Electrolyte and Mean Liquid Lipwd Salid
Temperature (K) H; PO, CO; Oxide
460 925 : 1225
Maximum Practical Operating 0.75 0.85 0.73
Voltage Per Cell Limiting Catalyst Efficiency Efficiency
Factor Life (overpotential ) (thermodynarc)
Approximate Power Density, ~(.2 ~0.2 ~0.2 (conventional)
Stack Only MW/m? 20 (advanced)
I[nternal Processing Capability CH30I1 7 CH, O, CH,? CHsOH, CIL
Light Hydrocarbons Light Hydrocarhons
and Alcohols? and Alcohols, Fuel Qil?
Cell Poisons CO~ 3% S~Trace S~10"7%
S~10729 Cl~Trace Other?
~Trace
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®3
Longevity

STATUS OF SOFC AND MCFC

MCFC

SOFC

Longest Significant
Cell Test

® 10,000 hr pair of cells, boilerplate
tile, =10 mV/1,000 hr decay,
terminated for analvsis

®6,000 hr tape, <2 mV/1,000 hr
decay until electrolyte loss

eFresent design 1,500 ~33%/
11,000 hr degradation in current
density (open both end tile)

e Old Design 4,000 hr 17 mV /1,000
hr, low Uf

Other Cell Tests

—~40,000 hr lab cell (prehistoric)
15,000 hr bollerplate (early 70's)

~50,000 hr lah cell
Brown-Baven, 70's

Longest Signincant
Stack Test

3,000 hr, voluntary termination,
4 mV/1,000 hr decay

Naone

Known Longevity
Problems

e Electrolyte loss from stack

® Cathode dissolution

Cathode/Elactrolyte
Compatibility

Stack Size Antrcipated
Largest to Date

500 cell X1 m®
20 cellx 1,000 em?

F4 STATUS OF SOFC AND MCEC
Scale of Tests

Carbonate Oxde
Cell Size Anticipated ~1 m* 50 cm® Closed End
Largest to Date 1,500 cm® 80cm*  Open End

Most Common 1-300 em?* 50 em?
Approximale Number to Date 1,000 50 (New Design)
Cell Scaleup Problems No No

Roughly 250 cell80 cm?
None

Maost Common

Stacks Run to Date ~10
Stack Scaleup Problems Yes
Primary Concerns

10-20 cellx 1,000 cm?

Longevity

Nore
None
Probably

Performance, Fabncation,
Stacking
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%5 FUEL CELL BUDGET HISTORY
(In Thousands of Dollars)

Fiscal Year DOE Fosall Fuel Cell | Acid Carbonate Oxide
18984 11,660 330.0 39.2 8.0 9.2 2.0
1983 10,938 309.9 27.6 17 .8 ¥.b 2.5
L9 B2 | s 440.4 32.4 20.6 9.6 2.2
1981 T11.4 31.0 21,0 9.0 i)
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