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Appendix C

This appendix is a compilation of work done to predict overall cycle performance
from gasifier to generator terminals. A spreadsheet has been generated for each case to
show flows within a cycle. The spreadsheet shows gaseous or solid composition of flow,
temperature of flow, quantity of flow, and heat content of flow. Prediction of steam and
gas turbine performance was obtained by the computer program GTPro. Outputs of all
runs for each combined cycle reviewed has been added to this appendix. A process
schematic displaying all flows predicted through GTPro and the spreadsheet is also added
to this appendix. The numbered bubbles on the schematic correspond to columns on the
top headings of the spreadsheet.
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GTPRO 3.31 Michael Brown 10—-15-199@ 11:1Q:23
IGCC 93 - S@ MW COGEN CYCLE
GENERAL ELECTRIC LM S@@@a PC

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. 2 1222 % rating, XIGV= @

Site ambient conditions: 14.7 psia, SS9 F, 6@ 4 RH
Inlet loss= 4 inch HE0, exhaust loss= 1@ irnch H20
Evap. inlet coaler tc @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = @

Compressor efficierncy reduction % = @

Turbine efficiency reduction % = 2

Maxirmum firing temperature excess over base load = @ F
Combustor % pressure loss (@ means nominal value) = @

Combustor inefficiency + heat loss % (@ means rnominal value) = @
Cooling air increase % (@ means viominal value) = @

Process air bleed location (3 means rione) = 1

Process air bleed % of inlet = 8.94

# Model PR TIT TET Mair ke H.R.LHV HMex NZ+Ar = cos H20

F F kpph BTU/kWh kpph yA % Y %

‘_LM/TGS@IZNZlPC 25.8 2192 848 268 33690 10133 1v@3 75.328 l4.2@ 5.3 5.39

Fuel flow = 126 kpph

Fuel pressure reqd.= 307 psia, compresscr power= 1720 kWe

G.7T. auxillary power = 169 kWe.,

ESTIMATED G.T. CYCLE
STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph N2+Ar oz coz Hz0

Ambient air in =9 14,72 EE. 44 &8.75 78. &2 2. 74 .23 1.21

Compr. inlet 59 14.55 6. 44 =8.75 78. =& 2. 74 Q. a3 1.a1

Turbine cooclant misc. 165. 22

Process air bld 945 375. 62 86. 24 =8.75 78. &2 2. 74 . a3 1.21

Compr. disch. 345 375. 62 711.37 28.75 78.c2 z@. 74 Q.83 1.21

Turbine inlet 2132 36@. 53 837.64 =8.87 74. 82 1&8.91 &. 21 6.

Turbine exhaust 848 15.86 1302.67 8. 85 75. 38 14. 22 5.03 5. 39

e S . o020 S S Pt o e Gt S e, S S S S S s S Sy ——— i e s oA S e e e S S3ANS S84 S o i S S S S A i SSAS SO S T AT S ST SO e e i S St i S R At o S PN St s S St s

Compressor= 61592 Turbine= 236324 Mech. loss= 347 kW
Turbine coclanmt= 17.1 % compr in

BT specific power @ gen term= 235 kW per kpph

6T efficiency ® gen term= 30.39 % HHV = 33.68 % LHV



GTRPRO 3.31 Michael Brown 10-15-199@0 11:12:23 Gas Turbine p.Z

‘ GAS TUREBINE/GENERATOR HEAT BALANCE
Evergy in = 16621 BTU/s
Inlet air Inlet air Water Steam Fuel
Sensible Latent Ing. Ing. HHV
1761 1782 @ 2 123061

e o et e sov0n St o vt S FoT e P S S 0080 T ot o SR e S S b Skt SO S St S Sy S S St S o S8 RS s s SuaS SORS ae SO PR e D ST e Y SO i SrvSS e VoS S S

Erergy out = 127151 RTU/s

Irncompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric
& carcass rad Losses Loss Loss Sensible Latent Output
S22 21 @ 658 S8313 9853 31934

Zevro enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Heat Balarnce Error = In — Qut =-8552 BTU/s =-.516 %

Proc
Air



GTPRO Z.31 Michael Brown 1@-15-192@ 11:10:@9
IGCC 353 - S22 mW COGEN CYCLE

ERAL ELECTRIC LM So@a PC

e: & Subtype: & Induction

Steam cycle p.1

o i

P T h r uA a A
psia F BTU/1b kpph BTU/s-F BTU/s sq. ft
Crnd rtrn .74 87.57 S59. 58 126. @53
Stm rtrn 17.89 250. 02 218. 49 S. 250
Makeup 17.89 8Q. aa 48, a2 4.028 (Includes .322 kpph for desup)
FW supl 17.83 93.72 e1.7@ 135. 29
LTE 135, @a@9 15 21@ 6493
from LTE 17. 2@ 150. 2@ 117.88 135. 233
LR 9. 824 33 2635 13580
water bleed 18.812
htd. FW 17. 2 220, a2 188.13 116. 1939
HPFW 1211.93 c2@. 8@ 191.91 86. 532
HPRE1 8e. 532 51 325 21953
& 373 01 343.93 318. 85 @. aaa
HREEZ 86. 53z 112 1195 4125
7 954. 3@ 388.76 368. 55 Q. 20a
HPES 86. 332 43 3407 20488
a8 335. 58 516. 4@ S51@. 29 @. 2@
Blwdn 235. 58 536. 40 532. 50 1.697
HPE 84.836 183 16146 69688
9 935. 58 536. 40 1194.99 2. 220
1 84. 836 @ 2
‘ 12 935. 58 S36. 412 1194.99 2. 022
HPSZ 84.836 44 4813 21414
11 899. 60 806. 2R 1399. 50 Q. 220
Intc HPT 86S. 00 ava. 22 13397.61 84.836
bef addn 452.0Q €57. 33 1338. 96 84. 836
HPT addn 4S2.020 457. 02 1225. 71 18.81@a
aft addn 45@.0QQ 613.81 1314.78 123. 646
HPRT bid. g2e0.Q2R S15.99 1274. 15 6. 678
Desuperhtr Q. 322
HPT proc 250.00 420,120 1214.85 7. 000
HRT exit 115.00 376. 12 1211.5¢& 36. 368
IPFW 129. 36 o=@, a9 188. 36 =9. 667
IPE 29. 667 iz aza 5128
1 124.38 323.99 298. 12 Q. oax
Blwdn 124. 38 343.939 315.62 a. 58z
IPKH 29. 285 121 7248 39973
Ry 124. 38 343.39 1131. 86 a. V2
1PS1 29. 285 2 206 860
3 124,38 288. 76 1217. 31 @. V22
Ipsz2 29. @85 12 636 6121
4 113. 6@ S36. 412 1296. 04 2. V2R
Ints LPT 11E.22 428_ 28 1232, 23 126. 253
xit Q.74 91. 57 374.81 126. 053




GTPRO 3.31 Michael Brown 12-15-1990 11i:1@:@9 Steam cycle p.2

. STEAM TURBINE

No. of steps Exit Quality Efficiency (%) Work (kW)
To HPRT additn 2 1.174
Ta HPT bleed 2 1.287
To HPT exit 4 1.024 79.33 4472
To LPT exit 13 @.878 77.42 9439
Gross power = 13311 kW. Mech/Elect losses = S356 kW.
Generator output = 13355 kWe. ST auxiliaries = 93.5 kWe
Boiler feedpumps = 111 kWe
CONDENSER
P T h m

psia F EBETU/1b kpph
LPT exit B. 7265 91.57 974.81 126. 25
Saturation Q. 7365 91.57
Cordensate well B. 7365 87.%57 595.58 126. 05
Cooling water in 65. 02 7724, 802
‘vl ing water out au. 2@ 7724. 81
Number of passes= 1 UA= 1787 BTU/s-F Surface area = 8739 sq.ft
Tubes: OD = 1 in Lerngth= 38.6 ft rnumber= 865

Cooling water: Velocity= 2 ft/s DR = 9.2 psia Pumps = 87.1 kWe.

STEAM CYCLE HERT BALANCE

Energy in = 743932 BTU/s
GT Exhaust GT Exhaust Duct Burrner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam
28313 3853 @2 372 34 &30

Heat Elow Mech/Elec Stack Stack Condnsr Process GT Proe. Electric
Radiated down Losses Sens. Latent C.W. Steam Injec. Water Output
738 zae sev 15262 9853 32187 2362 @2 983 12658

o — o —— ——— " ——— T~ — —_ " — S — " " o 1 S T $0004 S0 P o S S4SSS S S S S o e ) S it S B e Gt S G S s .

o enthalpy: dry gases & liquid water B 32 F (273.15 K)
t Ralarce Error = In - Out =-.312 BTU/s = @ %




GTPRO Z.31 Michael Brown 12-15-199@ 11:1@0:@3 Steam cycle p. 3

.- HRSG GAS-SIDE PROFILE
Gas Tg F Tw F DT F Gg/UA DELTA P uRA Qg Vg Tube Lngth
HR/1IP HP/IP F inch Hz20 BTU/s—-F BRTU/s ft/s Rows ft

1 843.8 826. 2 37.8
112.2 1.2 Sb4. 2 4867.6 56.9 4.9 1.9

778.7 S36. 4 c42. 3

& 778.7 S36. 4 242. 3
89.1 3. 4 183.8 163@7.2 5.5 14.8 6.1

556. 4 S3€E. 4 0.2

3 536. 4 S16. 4 40.12

3 S596. 4 536. 4 20. @
66.3 1.1 6l1.6 4Q83. 4 44,2 S.6 2.3

499.7 388. 8 110. 3

4399.7 388.8 112.9

4 499.7 288.8 1190.9

4 499.7 388.8 11@.9
125.0 a.a 11.5 1414.3 4.5 1.1 Q. 4

' 72.7 1.5 1g@.7 73E@.7 39.8 8.5 3.5

= 3277.2 344. 2 33.@

6 377.02 324. 02 S53. @
63.02 @. 3 63. 12 3968.6 36. 2 5.7 2. 4

2.7 22, 8 99. 9

22@. 7 2e0. 1 1002. &

7 328. 7 c20. v 106. 7
8a. 2 Q.4 3. 2 2660. 9 34.1 2.9 1.2

c8a. 7 c2ca. v e2.7

a8 z28z.7 15a. @ 132.7
145.3 Q. i4.6 2127.9 32.6 1.4 2.6

25&8. 3 93.7 158.6

Duct burner fuel= 8 kpph
Gas mole composition: 75.4 %4Ne+Ar 14.2 %02 S5.03 %“C02 S.39 #He0 .@@z %S0z
Flue gas dew point = 94 F M.W.= 28.8

HRSG TOTALS Economisers Evaporators Superheaters TOTAL

Q BTU/s 1@638 26028 5661 42327
UA BTU/s~F 137 317 =8 512
.‘\ =q. Ft =8178 123241 28375 203734

Prime surface= 122084 fin surface= 197589 sq.ft. Averaged fin eff.= .721
HRSG frontal area = 312 sq.ft. Gas mass flux= 6.37 kpph/sq.ft
HRSG length = 18.5 ft, 44.4 tube rows, 749 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.
Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5
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BE LM 5009 PC
Water cooling
air to coal ratio 2.4 air pressure 3n Cp air 0.248
water coal ratio 8.251 air tesperature U5 Cp water 1.000
air to water ratio 9.60 water temperature 80 Cp steam 0.435
1b wt % wols mol % partial
pressure
air 9.60 90.57% @.33 85.74% 321.33
water 1.00 9.43% 0,06 14.26% 53.47 sat temp 285
Temperature of combined stream entering boost compressor
4,15 F sat pressure 247 psia Rel, Hum. 21.65%

Temperature of stream exiting compressor (85% comp eff)
T€ = Ti + (Ti/m{ (PF/Pi)*((k-1)/k)~1})

where

Ti - inlet temperature - 400.15 F - 860.15 R

n - efficiency - 85.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume 1,384

Pf - final pressure 430 psia

Pi - initial pressure 373 psia

Tf = 452.66 F
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Al 8 Jof o T € 1T ¢ T &1 w 1 1 T 93 T w1 v [ w] N [ o
1 |Standardized IGCC Gasifier Cogen Application Reference Coal -
; 2 |Mass & Energy Balance GE LM 5000 PC Plant Full Load Predicted Gasifier Quf
. 3 [Stream No. 1 2 3 r 3 =
4 |Identification AR Coal Coal Fines Sined Coal CompAr@ 241 AC Water @ 02%:
) § |From Ninols 8 Sizer @  30%/Combined Streams |Aux Compr &/or Booster Compr [Cocling Water H20/
s [To Ster | l_b%gg_h.__ Gasifler |  Gesifir Gusifier __ Coal
7 |G Mol Wit ar wi®  wih | BAr W% Wi Wmol wi® moi% Wir -
0
? |CO 2010 [ 0.00 0.00 [
13 |H2 2016 0 000 0.00 [
11]CO2 .01 a 001 ooy 0.03
12 |H20 18018 47 018 0.6 1 o9
|13 |CHe 16042 0 000 0 o.
14 |C2H6 30068 0 000 .00 [
[ 15 m2s 407 0 000 a0
16 |COS €% [ 0.00 0.00 °
[17]N2 28013 s N6 1508 T
18 |Ar 39,948 1,13 a3 1 o.
18 |[HC1 36.461 0 0,00 o 0.
20 |JHCN 27.026 [ 0.00 000 o
21 |NH3 170 0 0.00 0.00 [
22|CS2 76131 0 000 000 (Y
23 |s02 64.0% 0 000 0.00 [
24 INO 30,006 0 0.00 0.0
25 |02 31.999 19765 663 2298 0.
26 [NaCl 58.497 n Q00 000 o
27 |[KC1 74.596 0 000 000 [
23 [Total Gas (Ib/hr) 86008 2086 10000 100, 9219
29
30 | Volumetric Flow Rates (STP 14.7 psia, S9F)
3 1 [(ncfm) 1081
32 |(scfm) 18819
33
) 34 |Heat (BTUND) 1257
. 35 |Cp (BTUNG F) 0246
36 |HHV (BTUMY) 10,776 10,776 10,776 0
37 JLHV (BTUANY) 102% 102% 10,260 [}
38 |Sensible Heat above
35_159 F Btu/tb steam (] o ° o
40 |Latent Heat of
41 |Water Btuib steam 7
42
43 |Chemical Heat 36541 109.62 300.83 0.00
321(1.3\0 MBtu/hr
45 |Sersible Hest 0.00 0.00 0.00 M
46 |above 59 F MBtu/br
47 Latent Heat 19.16 78 19.16 as7
48 lof Water MBtuhr
49 [Totallest(MBtwhr) 3.5 118.57 400.00 91 11.66
50 ‘Fumber of Gasifiers for 85% Plant Avzilabiiity @90% Gasifier Availability, 450 psin
§1
§2[C 12011 2140 @O1% 6436 60NN 250 €0.78% 1
s$3|H 1008 1488 4.17% “s  41% 148 4.01%) 6 1,031
s§4 0 16.000 270 157% 0  1.9I% 2% 1.28% 20219 8248
68 IN 14.007 41 1.10% 126  L18%; a1 L1I% 64,528 9,279 [Total
E‘s n e B T 84,578 [Toual
$7 JCL2 35.500 (] 0.00% 0o 000% [} 0.00% .
68 |H20 18016 R 14.10% 1516 i4.10% spn2 13.56%
FREL! 50 |ZnFe204
§0 |ZnS
61 ]FeS
62 |[Fe203
63 |{ZnO
64 |ASH 35@  1000% 1071  10.00% 389 10.48%)
§5 |Total Solids 35688  10001% 10706 1000i% 37,119  10000%)
a 86 |Total Flow (anh) 35688 10706 7,119 86,008 9279
v’ 7 — i
68 [Total Flow (pps) 991 297 1031 nen 258
| 69 |Pressure (psia) 141 7 147 450 ¢ 4350 ¢
L7¢ [Temperature (F) » » 9 433 ¢ 433 ¢
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_:I:lplol [ s I v T vl v ] w X Y z AA_] A8 | Ac [ AD]
. Illinols #6 J-1538 DE-AC21-89MC26291 1
iler Output 10/16/90 Revislon 7 2
’ l 10 35 aci/1b of coal 3

) 026 Dust(per RT1 dia) |Miscellaneous Hot Gas with tars 4
7 R/ 4.0%[Guilier @ 6.00%|Final Cyclons Gasifier Heat Gasifler N2 iacoal §
Coal Reclaim —|Losses HGCU to NH3 Comv 0.1%] 6 |
N/ar ws 1v/mol % mol%| 7

]

33,306 6® 12626 nxl 9

1498 0.3 118 1426} 10

i 14503 286 1173 6] 11
- 6476 124 su es0] 12
2m1 02 215 326 I3

540 010 043 0| 14

936 0.18 074 cs3| 1S

s o0s o2 oo9 16

64,569 1% 091 44u] 17

1,130 o o8 o 18

0 000 000 aoof 19

“ 0.01 003 003} 20

433 oos o3 ae 21

0 000 000 000] 22

0 000 000 00of 2

() 000 000 000] 24
(] 000 o000 ocof 25

[ 000 000 o000 26

0 o o000 000 27

Im 126833 2434 10000 10000 28
29

126,833 30

3268 31

2911 32

33

im 34
0.260 0260 026 0260 a9 35

° 10,93 17,29 ] 25888 36

0 1093 16,571 (] 2,3150 37

38

154 276 276 m 29 39

40

) [ 749 0 214 41
K

837 1561 3548 000 30L22 43

44

0.64 039 039 0.06 19.1 Watar/steam “n 45

Jacket 46

000 000 1.60 000 4.5 Traversing 77113 47

Stirrer 48

156 9.00 160§ 5168 006 23.6 Towal s 49
psie & 17 tph (typical) Ceal each: LS {Unit Output (MWn) “4.6 MWa EX

S1
sn 13.0] Li08  T77.60% 1884  88.00% 20,886 | 52 |

ol 0 000% 171 8.00% 1% 3
0  000% 4 200% 35,01 [ 54 ]

0 cooW 21 1.00% U S5
[ 0.00{ 0 oooxl 21 1.00% 18 [ 56 |
o ooow Sub-Touls| 125,703 [ 57 |

0 000% | Sum of 58

162 90| Streams 59

3 4 2 balence check 60
? u 6 FERC Cycle Efficiency(g)= 43.96% 61
0 of FERC Cycle Efficiency(n)~ 41.75% 62

osJ 4 2 63

3,569 8s. 320 2240% ] 0 64

4,146 100 1428  10000%! 2,141  100.00% 180 100 65
4,146 1,428 2141 180 126,833 66

= 67
19 118 040 059 005 3123 68
o 11 430 * - 451 s 69
@ 6%0 1120 1120 1300 1120 70
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Z e T A T a1 an T a1 A3 T ax T ac T aw [ ANT & T ap ] g_lei
1 1 |Standardized IGCC Gasifier Cogen Application Reference Coal - |
; 2 |Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Oul
' S |Stream No. 11 12 13 14 '
4 |Identificalion Alr Bleed Alr Bileed Alr Compressor Discharge
: $ |From Atmosphere Compressor for Compressor
H 8 _{To Gas Turbine Compressor Booster Compressor Cooler Coolant Combustor
! 7 [Ges ol Wit T—?_‘L—'—l r Imol wi%  mol% | "Wu_i%—_u Wi% mol%] IVar | Wi WB/mo wi% &
8
9 |CO 0 0.00 0.00 (] 0.00 000 [} 0.00 0.00
10 |A2 0 0.00 0.00 0 0.00 0.00 0 000 000
11]CO2 4% 001 0.0§ a oot 005 7 337 001 003
12 |[H20 6119 018 064 47 o.18 0.4 1,04 ¢ 1] o1 064
13 |CH4 0 0.00 0.00 0 0.00 0.00 [ 0.00 0.00
14 |C2Hé 0 .00 00 (] 0.00 0.00 (] 0.00 0.00
15 |H2S 0 000 0.00 ° 000 .00 o 000 000
18 |{COS 0 000 000 0 0.00 0.00 000 000
17 N2 722063 21.65 75.03 64,528 2165 1500 1238100 933,728 2168 7509
18 |Ar 12,641 038 R 11 1,130 038 19 21 9,344 (% ] 131
18 JHC1 0 0.00 0.00 [ 0.00 000 0 0.00 000
20 |[HCN 0 0.00 0.00 0 0.00 0.00 [ 000 0.00
21 |NH3 0 0.00 0.00 [ 0.00 0.00 0 0.00 000
22|CS2 [ 0.00 000 0 0.00 .00 [ 000 0.00
23 |SO2 [} 0.00 .00 0 0.00 0.00 0 000 .00
24 |NO 0 0.00 0.00 [ 0.00 0.00 0 .00 000
2502 221,148 68 1298 19,763 663 198 319N 163463 (] nes
26 |[NaCl ] 000 c.00 (] 0.00 0.00 0 0.00 000
27 |[KCQ 0.00 0 0 0.00 000 0 0.00 000
28 [Total Gas (1b/hr) QAN 2886 100.00 86008 2086 10000 16304 71192 2886  100.00
29
30 |Volumetric Flow Rates (STP 14.7 paia, 39F)
3 1 |(acfm) 210,583 1594 16,491
32 |(scfm) 210,583 13,819 36,367] 155636
33
34 |hgAdiabHeat(BTUAB)
. 35 |Cp (BTUAL F) 0.240 0262 6262
3¢ |HHV (BTUAD) 0.0 00 00
37 |LHV (BTUAY) 00 00 00
38 |Sensible Heat
39 |above 59 F Btw/ld 0 n2 barl
40 |Latent Heat
41 |of Water Btuld 7 7 7
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtu/br
45 |Sensible Heat 0.00 1998 16524
46 jabove 59 F MBtu/hr
47 [Latent Heat 6.36 0.57 470
48 |of Water MBtw/hr
4§ |TotalHeat(MBtu/hr) 6.3 2058
50
51
52|C Zon 124 11
53 |H 1.008 620 6
54 |0 16.000 226915 20219
55 [N 14.007 122063 64,928
56|S 2060 0 0
67 JCL2 35.500 $49,783|sub-otals “ s
. 58 |H20 18016
iy 59 |ZnFe204
rercleters 60 |ZnS
31 ]|FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
‘ 66 [Total Flow (pph) 9&2,424 26,008 esoal 1
67
68 {Total Flow (pps) 261.4 * pil 4584 1978)
6 9 |Pressure (psia) 147 376 ¢ 6
70 |Temperature (F) 59 ¢ 943 s




o

AR T A8 T AT | av T av ] aw T ax T av ] Az | ®A_ | s ] e | & | e | & 80 |
- Tlinols #6 J-1538 DE-AC21-89MC26291 1
ifier Qutput Revision 7 10/16/90] 2

s 17 3 |
it Discharge Fusl % H2S ThrmiNO (ppmvd) 2S |Exhaust Ges 4
L HGCU Removed [GT Combustor *Rich/Lear. Red. ¥ 85% |[Gas Turbine [
e - GT Combustor 99.0% —_— _ _ — _ 6
% mol [ Y] r % mol % mols e mol% N moldhr W% mol% 17
[
000 o 33,506 1,199 263 nM 0 000 000 Q.00 o 0 000 o000 oo0of 9
(1] o 1480 7 117 14.10 0 009 000 000 Q [ 0.00 Y oo 10
008 0.03 14908 3% 1190 &S N9 265 0.0m1 9.16 1697 11499 1566 sod 11
o ] 1129 96 s.6 1.0 T2 113 000 o nu 8Ny .37 s« 12
000 Q 211 1 216 326 ° 000 000 Q00 0 00 000 o.00f 13
(1] 1 340 18 a4 oM ] 000 000 0.00 1 0 000 000 0.00{ 14
000 9 () 001 oot 0 000 000 0.00 0 (] 0.00 000 oocf 18
00 0.00, ] 0 0.00 0.00 o 000 000 000 .1 [ 000 000 ool 16
0 TIs| «“se 2,503 SL1e e 998,996 2070 00258 7146 7! 2406 2510824 77 . 7
[R]] 09 1,13 b 0” 054 10474 036 ono 123 12,641 31644 126
000 0.00 0 ] 0.00 0.00 [\ 000 000 000 o [ 000 000
000 o “ 2 003 003 0 000 000 .00 LY 0 000 000
000 o 453 25 oM 0% ] 000 000 0.00 o ° 000 000
(1] 0.00 0 o 0.00 0.00, 0 000 000 .00 o 0 0.00 000
(1) 0.00 0 o 0.00 0.20 21 00007  ©0.0000 0c2s 00011 21 an 000
a0 (1 0 (] 0.00 0.00 168 0.0058  0.0000 0000 00193 168 %9 002
nn 20N 0 [} 0.00 0.00, 118913 411 00044 1420 n 156832  &0L1S 15.64
om 0.00 0 0 0.00 000 [ 0.00 000 00 [ 0.00 000
000 o (] 0 0.00 (Y 0 000 000 (] 000 000
300.00 300 126268 $.206 300.00 100, £37,660 297 0.0MS 1902684 34634.09 100.00
£37,661 bal ck 1,002,685  balck
18 31951 $35.439
2861 182,360 218,669
03% 0.283 0267
2,489 0.0 00
2,330 0.0 0
378 €03 211
219 41 s
29421 0.00 000
1.2 25.17 211.58
7.6 34.08 317
39.13 $39.25 $39.07 bal chi 246.76
249 MWy | Combustion Turbine OQutput 33.69 MWg i 1.04 Turbine M
20,831 20523 2083 0.00% 20045 2094 0.00%;
3, 3,641 3t 0.00% 3,758 3, 0.00%
3 23937 20393 0.00% 42447  MLM 0.00%;
64,94 2614 H614  0.00% T2 484 ©0.00%
1 10 10 0.10% 10 0.00%
125,13 7,186 27,187 0. wh>-a0ta) 990044 990,044] 0.00%sub-sotal
balence cheack belance chock
437,660 1,002,684
27268 mns2
361 ¢ 15.13
2,190 °* 848 *
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1 [Standardized IGCC Gasifier Cogen Application Reference Coal - Illinols #6
2 |Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Output
‘ 3_|Stream No. 18 19 ThrmiNO (ppmvd) 25 20 a
4 _[Identification Fusl for Supplementary Firing Fiue Ges SCRRedF 80% | Superheated Steam | Low Pressure Sk
5 |From Gasifler HRSG RLRdF 85% HRSG HRSG
| 8 _To a HRSG Stack NOx RedburnF 0% Steaie Turbine Steam Turbin
7 |Ges W To/mol wt % mol% Y™ mols/hr wt % mol% Y™ /e
0
9 |CO [} (% ) 2626 n ] 0.00 0.00 nonI
10 |[H2 0 029 118 142 0 000 0.00 0.00
11 |CO2 0 286 .78 (1 1697 174499 7.66 $.0¢
12 JH20 0 124 1 I nK WY 237 s
13 |CH4 (] as2 213 (] 0.00 0.00 0.00
14 JC2Hé (] 010 ae 0. 0 Q.00 0.00 0.00
15 |H2S 0 a1 oM Qs 0 0.00 0.00 0.00
1¢ |COS [} 0.0S o Q. (] 0.00 0.00 0.00
17 N2 0 12% 3091 T406 251U 7206 74.41
18 |Ar 0 oxn 0% 034 12,641 316.44 126 091
10 |JHC1 [} Q.00 0.00 0 0.00 0.00 0.00
20 |HCN [ 001 0.03 003 [ 0.00 0.00 0.00
21 |NH3 0 ocs oM 0. 0 000 0.00 0.00
22|Cs2 [ 0.00 000 o 0 Q00 0.00 0.00{Siack Emissions (/MMBaY
23 |SO2 0 0.00 .00 Q 2 032 0.00 0.00/0.053
24 |[NO 0 0.00 0.00 Q “ 112 0.00 0.00{0.09
26 |02 [} 0.00 0.00 Q 156832 490119 15.64 14.13
26 |[NaCl 0 0.00 000 o (] 000 0.00 0.00
27 |[KC1 0 0.00 0.00 Q 0 0.00 0.00 0.00
28 [Total Gas (W/hr) 0 24.34 100.00 100, 1,002 5% 34629.62 100.00 100.00
29 | 1,002,551 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) (] 299946
32 |(scfm) 0 218,641
33
34 [Heat (BTUAD) 19¢)
‘ 36 |Cp (BTUAL F) 0334 au?
36 |HHV (BTU/ML) 23489 00
37 |[LHV (BTUNL) 23%.0 (]
38 |Sensible Heat above
39 |59 F Btulb steam 0 “
40 |Latent Heat of
41 |Water Btu/ib steam 0 3
42
43 |Chemical Heat 000 0.00
iq_l(ul\') MBtu/hr
45 |Sensible Heat 0.00 an
46 |above 59 F MBtu/hr
47 |Latent Heat 000 35.17
48 jof Water MBtu/ar
49 |TotalHeat(MBtwhr) 000 -1 118.62)
50 HRSG Turbine C
§1
52 |C 12011 [ 20945 204 0.00%
$3 [H 0 3,758 3,78 0.00%;
54 |O 16 0 M2TIS 24217 0.00%
55 N 14.007 0 ma  ™mal 0.00%;
56 |S 32 0 10 10 0.00%]
67 |CL2 38, O]sub-sotal 989910 989910 0.00%}sub-igtal
b B o 58 |H20 1801
A 58 |ZaFe204
60 |ZnS
61 |FeS
62 [Fe203
63 |ZnO
64 |ASH
§5 |Total Solids
. %6 [Total Flow (pph) 0 1,002,684 ")
67
$3 [Total Fisw Gpa) o- m ns7
6 9 |Pressure (psia) 4%0.62 147 ﬂ
70 |Temperature (F) 1180 29
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Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6
Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Output
Stream No. % n 27a

25
Identification Regen Rocycle Loop Conc S02 Bleed Elemental Sulfur Elemental Sulflur
From Recycle Blower Regen Loop Resox Process DSRP

To .ll_c.gnlunhr _ SRP _ - Marketable Byproduct Markstable Bypredu
Gas ol Wt b wt% Bir bemol mok/hr wi% mol% Ib/br wi%

CO

H2

CO2
12 1H20
18 [CH4
14 |C2H6
15 |H2S
16 |COS

0.00 0.00 000 0.0
0.00 000 0.00 0.004
a@ 0.10 005 0.04
020 29 a62
0.00 0.00 0.00
000 0.00 000
0.00 0.0 0.00
0.00 Q.00 000
24.10 2.9 a8
0.00 Q.00 0.00
0.00 0.00 000
0.00 0.00 000
000 0.00 0.00
0.00 0.00 0.00
2 N7 ny
0.00 0.00 Q00
038 293 1.09
0.00 0.00 0.00
0.00 0.00 Q.00
32.19 0 100.00 100,00

:;..u'-:aun -

2

°

-]
2aocoe

646 0.8

-~
-~
[~

78,190 n
0 0.00

[
I3
o000 oOoO®00OO

18 |Ar
19 [HC1
20 |JHCN
21 INH3
22)Cs2
23 |SO2
24 |[NO
25 102
26 |NaCl
27 {KCi
28 [Total Gas (1b/br) 104,433 100.00{
29
30 |Volumetric Flow Rates  (STP 14.7 psia, S9 F)
31 [(acfm) 36N
32 |(scfm) 220486 1,
33
. 34 |Heat (BTUAY)
35 |Cp (BTUNL F) 0240 0240 0.000 0
36 |HHV (BTU/b)
37 |LHY (BTUAL)
38 |Sensible Heat above
39 |59 F Bt/Ib steam
40 {Latent Heat of
41 |Water Btu/ib steam
42
43 |Chemical Heat 403
44 |(LHV) MBtu/br
4S5 |Sensible Heat 33.61 2% 0.00 .
46 |above S9 F MBtu/hr
47 |Latent Heat 0.67 0.06 0.00
48 |of Water MBtu/hr
49 |TotalHeat(MBtu/hr) M8 265 408
$50
51
52 |C 12011 ’
53 [H 1.008
54 |10 16,000
§§ IN 14.007
56 |S 32060 1,017 1/
57 |CL2 35.500 -
e 58 |H20 18016
QB 59 |ZnFe204
60 [ZnS
61 |FeS
62 |Fe203
$3 |ZnO
64 |ASH 0.00 0

UA1l ny

L1 1.09)

T

o~or-ooo0oo0oo0fo0000:

g

¥

65 |Total Solids

66 |Total Flow (pph) 104,33 8,703 1,017 1
67
68 [Total Fiow (pps) 29.01 20 028
&9 [Pressure {psia) 234 204 15
70 |Temperature (F) 1400 1300 284
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50 MW Cogen Cycle
General Electric
LM 6000

Page C-2
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GTPRO Z.31 Michael Brown 12-15-199Q 11:31:13
CC 35 - S@ MW COGEN CYCLE
ERAL ELECTRIC LM €202
ESTIMATED G.T. SITE PERFORMANCE
Fuel=Fuel G.T. @ 102 % rating, XIGV= @
Site ambient cornditions: 14.7 psia, S99 F, 6@ % RH

Inlet loss= 4 inch H20, exhaust loss= 1@ irnch HE0
Evap. inlet cocler to @ % RH.

_———_——.—..—_——_————-————_._——_—.__—_—_.———_—.—._.....—_._—_._._._——.—.——-—-_—-———.-——-—__.___—_.__...__.___-

# Model PR TIT TET Mair kWe H.R.LHV Mex N2+Ar oe coe H20
F F kpph BTU/kWh kpph % % % %
o2 User Def GT 2.0 2 853 891 42385 8642 1026 75.25 13.88 S.27 S.e@

...__..__.__...._..._-_._—__.——......-..._.....—__-——....—.__—.__-—_....-....____.—__.___-——_—-———.————.__.-__.—__._..—_..__..___.——

Fuel flow = 135 kpph
G. 7. auxillary power = @ kWe.

STREAM TEMPR. PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph NE+Ar oz coz Hz0
Ambient air in 59 14, 7@ 89a. &2 28.75 78. &2 Q. 74 @.a3 1.21
pr. inlet S3 14.55 89v. ez 28.75 78. 22 o, 74 2.23 1.021
bire coolarnt misc. Q. @
Turbirne exhaust 853 15. 86 1826.07 &8. 85 75.25 13.88 S.27 5. EQ
Compressor= @ Turbire=s @ Mech. loss= 437 kW
GT specific power B gen term= 47.6 kW per kpph
GT efficiency @ gen term= 36.34 % HHV = 39.49 % LHY
GAS TURBINE/GENERATOR HEAT EBALANCE
Evergy in = 113831 BTU/s
Inlet air Inlet air Water Steam Fuel
Sernsible Latent Ing. Ing. HHV
1629 1647 ] @ 112558
Erergy out = 112880 ETU/s
Incompl comb GT Mech. Gearbox Gernerator Exhaust Exhaust Electric Proe
& carcass rad Losses Loss Loss Sensible Latent Output Air
sa9 277 2 8z8 el 12478 40173 2

o enthalpy: dry gases & liquid water ® 32 F (273.15 K)
t Balance Ervror = In - Out = 951 BTU/s = .835 %



GTPRO Z2.31 Michael Brown 10-15-199@ 11:31:18
IGCC 35 - S MW COGEN CYCLE
ERAL ELECTRIC LM 6coQ@

Steam cycle p.l

e: & Subtype: & Induction
P T h m uA Qa A
psia F BTU/1b kpph BTU/s-F BTU/s sq. ft

Crnd rtrn d.74 87.57 55. 58 131.133

Stm rtrn 17.72 250. 22 =18. 49 €. 4512

Makeup 17.72 8a. aa 48, a2 3.344 (Irncludes .346 kpph for desup)

FW supl 17.72 24.90 &2.89 140.581

LTE 14,581 15 =148 6637

from LTE 17.2@ 152. 22 117.88 143.3581

LPE 1. &30 39 2743 14104

water bleed cg. a2

htd. FW 17. 2@ 2c@. 2@ 188. 13 12@. 561

HPFW 973.57 =2. 77 191.77 91.701

HPE1 91.701 S 319€ Z2338
& 345. 21 342. 54 317.23 @. aaa

HPEZ 91.721 & 751 2512
7 931. 44 369. 13 346.71 Q. 200

HPEZ 91.721 57 4294 23587
8 3917.68 S14.28 S07. 42 @. aoa

Elwdn 917.68 534. 08 529. 60 2. 908

HPE 3@a.733 191 17362 72514
9 917.€8 534. 28 1195.63 Q.22
1 3@. 793 @ @ @

wllll 917.68 S934. 08 1195. 63 2. 222

HPS2 9. 733 4g 5151 2@189
11 831. 35 8E. 2D 1399.87 2. V22

Into HRT B865. 212 801, A 1397.61 91. 723

bef addn S@Q.0Q 673.58 1345. 06 2@. 793

HPRT addn S0@2.02Q 466. 58 12125. 28 c@a. a2a

aft addn S0Q.00 628. 54 1319, 82 11@2.813

HRT bld. 257.5@ Svz2.67 1266.76 8.254

Desuperhtr 2. 346

HPT proc  250. 00 422, 02 1214.85 8. 602

HPT exit 115,00 259. ag2 1221, 12 10z. 559

IPFW 125. 66 c2e@a. a3 188. 85 8. 8861

I1PE £8. 861 11 a4z 4825
1 122. o 322. 54 2933.59 2. aa@

Elwdn 122. 22 342. 54 314,102 3. 286

IPE 28.575 98 7123 38717
P 122. 2@ 342. 54 1191.32 0. QR

1PS1 8. 575 1 114 464
3 122. 0@ 2639.13 1225. 8% 2. 2@Q

1PSse 28.575 13 77 6472
4 118. 45 534,28 1294. 96 . Q2R

Into LPT 115,00 392.18 1220. 20 131.132
exit 2.74% 21.57 25&, 22 121,123

o e S ot S s S . S S S S D Y S S S i S - S 2 T o B AR D S 400 S 00 S e PR W $0008 0 s S D G W YD PO ), T S e S e fog) S S S o S S St A S P S St S YR S T S (S i e S i



GTPRO 3. 31 Michael Brown 1@-15-199@ 11:31:18 Steam cycle p.:&

‘ STEAM TURBINE

o s o= — o — " aste o —— o T Soran St o0 S et S A WO SO $2078 D U SO P (e G S S SoP S S o SeCHD Pt S SeveS SeO VS bt i M GO0 WD S ST S Ghimt S S HSE A S P S PO 1 . S S S g S

No., of steps Exit Quality Efficiercy (%) Work (kW)
To HPT additn =2 1.185
To HPT bleed & 1.278
To HPT exit 4 1.21¢2 84,83 S35
To LPT exit 13 2. 86@ 81.13 12179

e ot o et Sime moeee NS T et i SSema e S e S e s s SO R e S S S G s S a0 P Subtd W S S S Y ot SmAS S e . S e S ety oot $80v0 e S Sme S RSN Gt Geian St M AR S SSEES emw AOTES SPGB S e St S

Gross power = 15274 kW. Mech/Elect losses = 458 kW.
Generator output = 14816 kWe. ST auxiliaries = 104 kWe
Boailer feedpumps = 113  kUWe

CONDENSER
P T h m
psia F BTU/1b kpph

LPT exit B. 7365 91.57 956. ac 131.13

Saturation @.7365 91. 57

Condensate well Q. 73€5 87.57 55.58 131.13

Cooling water in €5. 2@ 7871.91
‘_:\ling water out 8. 21 7871.91

Number of passes= 1 UAR= 18&1 BTU/s—-F Surface area = 83805 sq.ft
Tubes: OD =1 in Length= 38.6 ft number= 88&

Cooling water: Velocity= 9 ft/s DP = 9,82 psia Pumps = 88.8 kWe.

STEAM CYCLE HERT EALANCE

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Ret urn Wiork Steam

e v (e . vt St ot Sy S90S o St Sy ot SO S i S B P — i S T 205 e S S S o " T S o S S — S0 S hont Ut S S St Sihe St S S S S S A L A o st So0 RS SO

- e -t —- o oy " " o oo T o o St S " Gumre S o s Pt S ST S St 448 o S G RS SV S St S S S S S

Heat Elow Mech/Elec Stack Stack Condrnsr Process GT Proec. Electric
Radiated down Losses Sens. Latent C. W. Steam Irgec. Water Output
83 158 434 15625 12478 2280a e 7, P & 1246 14243
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‘l.ra enthalpy: dry gases & liquid water @ 32 F (273.15 K)
@W-t Balance Error = In - Out =-.328 BTU/s = @ %
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GTPRO 3.31 Michael Brown 10-15-199@ 11:31:18 Steam cycle p.3

“ HRSG GAS-SIDE PROFILE
3as Tg F Tw F DT F GQg/UA DELTA P UA Qg Vg Tube Lngth
HP/IP  HP/IP F  inch H20 BTU/s-F BTU/s ft/s Raws ft
1 855.2 606.2 49.0
124.3 1.1 41.8 S202.6 S7.6 4.2 1,7

e e e o e o o s o e o 2t e S S S S S SR S Fov S o S M St D S S S0 SOV S $9000 S S S S o A S S S St S S e S o o G SO SO kit O S GO S (. G VR SR UM S G D S e e S s S v € S e S5 S

91.9 3.6 19@.9 17535.8 S0.8 1S.1 6.3

SS4.1 S534.1  20.0

3 SS4.1 Sl4.1  40.0@

3 S5S54.1 S534.1 20. @
69. 4 1.3 63.9 4848.8  44.1 6.2 2.6

488.3  369.1 119.8

488.3  369.1 119.8

4  4B8B8.3  369.1 119.2

4 488.3 369.1 119.2
126.4  @.1 6.9  873.5 42.4 @.6 0.3

47€.4  342.5 133.8

476.4 348.5 133.8

5  476.4 342.5 133.8
73.7 1.4  97.7 7zee.1 33.9 8.0 3.4

. 377.5  342.5  35.0

& 377.5 342.5  35.0

& 377.5 328.5  55.0
64.4 @9  63.3 4@078.3 36.4 5.6 2.4

z21.1  E220.8  100.3

321.1  2E0.1  101.0

7 321.1  280.0 101.0@
80.2 @.4  34.5 2770.7 34.& 2.9 1.2

282.5 220.0  62.5

8 282.5 150.0 132.5
144.5  @.& 15.2  2169.0  32.7 1.4 0.6

252,82 94.9 157.3

.—..._.__._.....—_._.......——._..—-_.__-._..__.—-—_._.—_..—.—_.._.—.__._—_.—_._._._.—-__——-._.-..-_..———.__——..._._—__—_-______—————___—

Duct burrner fuel= B kpph

Gas mole composition: 75.2 %N2+Ar 13.9 %02 35.37 % COE 5.6 %H20 .Qaz %S0
Flue gas dew point = 95 F M.W.= &8.9
HRSG TOTALS Ecoricmisers Evaporators Superheaters TOTAL
Q@ EBTU/s 11230 27234 =97e 44237
ua BTU/s-F 141 3e3 S6 S52a
sqg. ft 59837 125336 27125 212357
A 4

Prime surface= 12353 fin surface= 200004 sq.ft. Averaged fin eff.= .721
HRSG frontal area = 318 sq.ft. Gas mass flux= 6.4 kpph/sq.ft
HRSG length = 18.4 ft, 44.1 tube rows, 764 ft of tubes per row.
2 im dia. tubes with serrated fins, staggered arrangement.
Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



6E LM o0
Water cooling

air to coal ratio 2.4 air pressure 424
water coal ratio 8.255 air tesperature 955
air to water ratio 9.45 water tesperature 89

1b wt % wmols wol % partial

pressure

air 9.45 99.43r 8,33 85.55% 36272
water 1.00 9,574 0.06 14.45% 61.28 sat tewp

®

Temperature of combined stream entering boost compressor

Cp air 0,248
Cp water 1.000
Cp steam ©.455

39.NF sat pressure 247 psia Rel. Hum. 24.81%

Temperature of stream exiting compressor (85% comp eff)
TF = Ti + (Ti/m{ (PF/PD)*({k-1)/K)-1})

where

Ti - inlet temperature - 39.9 F - 859.5¢ R

n - efficiency - 85.08%

k - ratio of specific heat @ comstant pressure to specific
to specific heat @ constant voiume  1.384

Pf - final pressure 509 psia

Pi - initial pressure 424 psia

Tf = 445.83 F
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal -
! 2 |Mass & Energy Balance GE LM 6000 Plant Full Load Predicted Gasifier Oul
3 |[Stream No. 1 2 3 4 [
. 4 |Identification AR Conl Coal Fines Sized Coal CompAlr@ 241 AXC Walsr @ 0.2
| § |From Iktinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water  H20/
! ¢_|Te Staer __|Briquetting |_Gauifler — Gasifier Gasifler Coal
1 7 [Gms Mol Wt " Iwhr wi% | Wbhr wi% | io/ar  wi®% | Wk WWmol wi% mol% Wi
[
s |CO 7010 0 0.00 0,00 0
10 {H2 2016 0 0.00 000 0.
11]CO2 44010 “ 0.01 0.08 0.03
12 [H20 18018 58S o1s a64 1 9,932
13 |CH4 16042 0 0.00 0.00 0.
14 |C2H6 %068 0 0.00 000 Y
15 |H2S 34076 0 0.00 Qoo 0.
’ 16 |COS Q070 0 0.00 000 0.
‘ 17 N2 2013 M0 2168 1508 T
‘ 18 |Ar 39.048 1209 038 (%) 093
18 |HCI 36461 0 0.00 0.00 0
20 [HCN 21,026 0 0.00 0.00 0.
21 [NH3 17.0% ] 0.00 0.00 0.
22|Cs2 76131 0 0.00 000 0.
23 |SO2 “0% [ 0.00 0.00 0.
24 [NO 30,006 0 0.00 000 0.
2502 31999 2114 663 2198 W
26 |[NaCl 497 0 0.00 000 Y
27 |JKC1 74.996) 0 0.00 0.00 0.
28 |Total Gas (1b/hr) S2PQ2 2886 10000 100 9932
29
30 |Volumetric Flow Rates (STP 14.7 pala, S9F)
31 l(acfm) 1033
32 |(scfm) 20,144
33
34 jHeat (BTUND) 1257
‘ 35 |Cp (BTUM F) 0246
36 [HHY (BTUNL) 10,776 10,776 10,776 (]
37 JLHV (BTUAY) 102% 102% 10260 0
38 |Sensible Heat above
39 {59 F Btu/lb steam 0 (] 0 93
40 |Latent Heat of
41 |Water Btu/1b steam 7
42
43 |Chemical Heat 9113 117.34 407.64 000
44 |(LHV) MBtuw/hr
45 |Sensible Heat 0.00 0.00 0.00 'Y,
46 |above 59 F MBtu/hr
47 |Latent Heat 20.91 618 .51 a6l
48 |of Water MBtwhr
49 [TotalHeat(MBtu/hr) 411.64 123.49 428.13 9.3 1248
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 500 psia
51
s§2]C 12011 no @i11% 6389 o1 24148 60.78%) 12
53 |H 1.008] 1593 4.17% a8 4% 1,593 401% & 1,104
) 54 |0 16000, . 28 157M% 68 191%]  28m 128%| 21,706 8
. §5 IN 14.007 il 1.10%) 1S 118N 4% L13% 69,070 9932
- 58 |S 22060 1,100 2.88%) 30 288% 1,100 27T% 90,853 [Tonal
= 57 |CL2 33,500 0 0.00% 0 000% 0 0.00%; R
; o 58 |H20 10016 s36  1410% 1616 1410% 5386 13.56%
FERRRESIY 59 |ZnFe204
e 60 |ZnS
o 61 |FeS
- 62 |Fe200
a 63 ]|Zn0
= 64 |JASH 3,820 1000%{ 1,146  10.00% 4,18 10.43%
= 65 | Total Solids 36200 10001%] 11460 100.01 9712  100.00%)
= . 6 |Total Flow (pph) 38200 * 11460 9732 0pa 9932
] = €7
i 68 | Total Fiow (pps) 10.61 318 11.04 25.51 Z76
= 6 9 |Pressure (psia) 14.7 147 147 %00 ¢ 500 *
B 70 |Temperature (F) ) % 9 447 * “7e




, B e ] R T 81 v T o1 v T wIIxT v T 2z T A A8 ] AC [ AD]
. Illinols #6 J-1538 DE-AC21-89MC26291 1
Jler Output 10/16/90 Revision 7 2
9 10 3 sclib of coal 3
26 Dust{per RTI dis) |{Miscelismcous  |Hot Gas with Tars r
< Hov Final Cyclone Gasifier Heat Gasifler N2 la conl
—aCoul_ Losses HGCU _to NH3 Conv 20.1%] ¢ |
wt% 1 % mo%| 7
[
35,6% «» 2626 2nm 9
1,604 0.9 118 142¢[ 10
15954 286 1175 6%f 11
m 69 124 s 6g0[ 12
2913 os2 215 326/ I3
s78 010 043 0] 14
1,002 o1s 074 osf 1S
5 00s on amlT
@14 Y 2091 «aul 17
1,209 oz o0 oxf 18
() 000 000 000 I9
47 001 003 omf 20
463 oos 03 o0 21
(] 000 000 000 22
[ 000 000 000 23
0 000 000 000 24
0 000 000 000 25
o 000 000 000 26
[\ 000 000 000 27
n 135,760 M3 10000 10000 28
29
135,760 30
3199 31
35, 32
3227 5
w 34
0260 0260 026 0260 ox9 35
0 10936 17,329 0 2,588 36
0 10936 16571 o 25750 37
38
154 76 216 72 ] M9 39
40
0 ] 149 0 214 41
42
896 1671 3198 0.00 na 43
“
0.8 042 0.63 006 203 Watar/steun 4134 45
jockat 46
0.00 000 12 000 47 Traversing 2904] Ges HHV= 189 Buvsct | 47
Stirrer Estimstod= 60 Bub | 48
o 9.64 1713 033 0.06 23.1 Total 398.90{ Calculated= 3Bub |49
psia & 17 tph (typical) Coal each: L6 [Unit Output (MWn) 54.6 MWn BukGe- 403%I20 | SO
Calc Camb Temp (F) 2280 51
618 13.92] 1186  77.60% 2017 98.00% 22356 22354 0.00% | S2 |
n o 000w 1 800% 3,360 33 0.00% 3
n o 000% % 200% 24 38214  000% 54
7 0 000% B 100% 6,521 , 0.00%) 55
0 0.00{ 0  000% B 100 1,300 1100| o029 [ 56 |
0 000% Sub- 134551]  134:51] 0008 [ 87 |
0 000% |s«nd wnof G | Mas 58
173 90 Stroarmis |W|lhhlncc 59
4 z{ balance check 60
12 6 FERC Cycle Efficiency(g)~ 49.96% 61
0 0 FERC Cycle Efficiency(n)= 47.79% | 62 |
4 2 63
3,820 86.08} 342 2240% ) 0 64
_ 4438 100 1,528 100.00% 2292 10000% 193 100 65
) 4438 1,528 2292 193 135,760 66 |
I 67
1% 123 04z 854 645 57 &8
0 1.7 %00 * %00 * ©9 4% €9
ae 630 1120 1120 1300 1120 70
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal - 1l
2 |Mass & Energy Balance GE LM 6000 Plant Predicted Gasifier Ou
S |Stream No. 11 14
4 _|identification Alr Compressor Discharge
§ [From Atmosphere Compressor
¢ [To Gas Turbine Compressor Combustor
7 [Ges MoiWt | Iomr  ®/mol 'L—wt'i__-ol-il— Wi Bmo  wi% |
8
9 |CO 28010 n 0.00 0.00 0.00 [ 0.00 0.00
10 |H2 2016 0 0.00 0.00 0.00, 0 0.00 0.00
11]CO2 44010 468 0.01 0.08 a0 M4 001 00§
12 |H20 10018 624 018 0.64 10 4614 [ §1] 0.64
13 |CH4 16042 (] 0.00 0.00 Q.00 0 0.00 .00
14 |C2H6 30068 0 0.00 0.00 0.00 0 0.00 0.00
16 |H2S 34.076) 0 000 * 0.00 0.00, [} 0.00 0.00
16 |COS @070 0 0.00 0.00 0.00 0 0.00 0.00
17 |N2 2%013| 737,3% 21.68 7503 128 344,470 21.65 7503
18 |Ar 39948 12,909 038 L3 093 9532 o 1N
19 |HC1 36461 0 0.00 0.00 0.00 [ 0.00 0.00 0 0.00 0.00
20 |[HCN 1026 0 0.00 0.00 0.00 0 000 0.00 0 0.00 0.00
21 |NH3 17.0% 0 0.00 0.00 0.00 0 0.00 0.00 [ .00 0.00
22 |Cs2 76431 0 0.00 0.00 0.00) [} 0.00 0.00 (] .00 0.00
23 |sO2 640% 0 0.00 0.00 0.00 0 0.00 0.00 [} 0.00 0.00
24 |[NO 30,006 0 0.00 0.00 0.00 0 000 000 O [ 0.00 0.00
26 |02 new| 22581 (-] 7% 2072 21,184 683 19 2072 371919] 166754 €8 29
26 |[NaCl1 28497 (] .00 0.00 000 (] 0.00 0.00 0 0.00 0.00
27 |[KC) 74.996 0 0.00 0.00 0.00 0 0.00 060  0.00 0 0.00 0.00
28 |Total Gas (1b/hr) 962,800 28.86 00.00 00.00 90 062 28.86  100.00  100.00 165004] 725714 2886 10000
29
30 | Volumetric Flow Rates (STP 14.7 psia, SSF)
31 j(acfm) 215002 1,904 15,009
32 |(scfm) 215062 _ 20,144 36,367] 138790
33
34 |hgAdiabHeat(BTUAL)
35 |Cp (BTUND F) 0240 0262 0262
36 [HHV (BTUNY) 00 00 00
37 |LHV (BTUND) 00 00 00
38 |Senzible Heat
39 |above $9 F Btw/lb 0 ns ns
40 |Latent Hent
41 |of Water Btu/1d 1 1 7
42
43 [Chemical Heat 0.00 Q.00 0.00
44 |(LHV) MBw/hr
45 |Sensible Heat 0.00 21.65 17067
46 |above 59 F MBtu/hr
A7 |Latent Heat 6.% 0.61 490
48 |of Water MBtu/hr
49 |TotalHeat{MBtwhr) 6% 2226 17547
50 Parasitic Load 262 N
51
52 |C 12011 127 12 21 [ [
53 |[H 1.008 94 o l.:j 513 513
54 |0 16.000 231,719 21,706 3 171,105 171,108
55 N 14.007 1373%) S0 123,810 SUAN  SUAT
56|s 32.060 0 0 0 0 0
57 |CL2 35.500, 96 891 | b -totals 90, s 162,856] sb-totals N6 1R 716,18
58 |H20 18.016 balmce check
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |{Total Solids
6 6 |Total Flow (pph) 982,800 92 062 165,024] 725714
67
68 |Total Flow (pps) 273.00 * 25.57 . 4384 201.59
69 |Pressure (psia) 147 an- 424
70 |Temperature (F) 59 ¢ 935 953




MT as | av | a T av T aw | Ay | Az | BA ] [ ec | ®0 ] BE ] ® (84 |
= Illinols #6 J-1538 DE-AC21-89MC26291 1
er Qutput Revision 7 _ 10/16/99] 2
13 17

Yocharge Inkt Gas Thrmi NO (ppmvd) 25 |Exhaust Gas 4
Combustor *Rikh/Leaz Red.F 85% |Gas Turbine [

nder [

% mol % Tuu —Rlea  mos wi%  moi% | Whr  mowhr wi®%  mol% ™7
[

(1] ooo| 3s6m 1213 263 nM [} 0.00 000 noo o [ 000 000 000f 9
(L] 0.00 1,584 786 117 14, mﬂ [+] 000 0.00 0.00 0 (4] 0.00 000 0. 10
o 0| 1595 T3] L0 s 2,102 276 00022 9.54 82,100 186130 801 sa| 11
(7] 1.02| 1631 424 .68 7.60] 34,851 117 000 405 6951 35,900 1992.80 330 sa| 12
000 0.00! 2913 12 216 3.26 [+] 000 000 000 [ 0 0.00 000 0. 13

- om ) ) 19 0 oM 0 000 000 0.00 o [} 000 000 000 14
(1] Q.00 0 [ a0l a0 [ 0.00 0.00 0.00 o 0 0.00 000 0.00] 15
an 0.00 3 0 000 0.00 ] 0.00 000 0.00 [+ { (/] 0.00 000 0. 16
] nan 3,114 2,467 SLie . 4428 613,907 20.66 0.0255 mnn n NINT 263481 na 7493 17
1 098 1209 L o® 0s 10741 036 000 128 Y 12909  IBA4 126 o[ 18

. o 000 o 0 000 Q.00 0 000 0.00 000 o 0 000 0.00 000 19
() 0.00 a 2 am 0 0 000 0.00 000 [y 0 000 0.00 0.00{ 20
o0 Q.00 4 n 0 0® 0 000 0.00 000 o o 000 000 0.00{ 21

. 000 0.00/ 0 0 0.00 0.00 (] 000 000 0.00 [+ { 0 0.00 000 0.00{ 22
. am 000 0 o 00 0.00 n 00007 00000 00026 0001 2 a3 0,00 000 23
oo 0.00 0 ° Q.00 000 180 00060 00000 0009 O 180 199 002 om| 24
-1 2072 0 0 000 aco| 119068 401 00043 e 12352 156987 490600 1530 as| 25 |
[ am 0.00 0 0 000 Q.00 ° 0.00 0.00 000 o 0 000 000 0.00{ 26
©oem 0.00 0 o 000 000 0 000 0.00 000 o 0 0.00 000 0.00| 27
XM 10000 135,13 35,5712 100.00 1000 860870 2897 00MS 10000 10000 1025804 3543038 10000 100.00{ 28
860,871 bal &k 1,025,895 bal &k 29

30

{ 3218 34,020 $52,350 31
35,181 187,588 73,606 32

33

34

0.3 0.288 0.267 35

2,5489 0.0 00 36

23%0 00 0 37

38

3718 619 214 39

40

219 42 36 41

42

3492 0.00 0.00 43

4

2.6 533.30 219.50 45

46

2.58 3623 N 47

48

»s.11 $69.54 57058 bal chk 256,34 49

__Combustion Turbine Output __ 42.385 MW 1.04 ‘Turbine Compressor Surge Margin_ | S0

51
22,391 22,91 0.00%: 22,413 22,413 0.00% __5_2__

3872 0.00% 3989 0.00% $3

s 2090863  209864]  0.00% UNTI2 U8, 0.00% 54

) 613591  613991]  0.00% 737001 131,801 0.00% 5§
11 11 11 0.10%] 1 11 0.00%; _Lif_
133.947|sub-sotal 50,120 8501301 _ 0.00%]suis-sotal [ 1pizges_1p12gee|  0.00%jsub-taxal (57 ]

balance check belence check 58

59

60

61

62

63

64

65

135,156 860,870 1,025,094 :6

7

37.54 2%.13 28497 68

L) 417 * 15.13 69

1180 2210 * 4% e 70

"

)
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal - llllnols #6
, 2 |Mass & Energy Balance GE LM 6000 Predicted Gaslfler Output

' 3 _|Stream No. 18 19 Thrml NO (ppmvd) 20 20
4_JIdentification Fuel for Supplementary Firing Flue Gas SCRRd F M‘l Superheated Steam | Low Pressure St
5 |From Gasifier HRSG RLRdF 85% HRSG RRSG

[ ¢ _|To - HRSG - - Stack NOxReburaF__ 0% Steam Turbine Steam Turbls

7 |Ges olWt| IWar I/mol Wwt%  mol% ib/ar  mowhr wt%  mol% W )
]
% JcO o “» 2626 0 0.00 0.00 0.00]
10 |[H2 (] (b.] 118 0 0.00 0.00 0.00
11]CO2 0 2.86 1178 82180  1867.30 801 sn
12 JH20 o 124 s 35900  1992.80 3.9 56
13 |CH4 0 0.2 218 0 0.00 0.00 0.00
14 |C2H6 0 0.10 043 0 0.00 0.00 0.00
15 |H2S 0 ats 0.74 (] 0.00 0.00 0.00|
16 |COS 0 008 on 0 0.00 0.00 0.00
17 N2 (] 12% 5091 TINT 2833481 nse 744
18 |Ar 0 02 0.9 12909 314 126 091
19 JHC1 0 0.00 0.00 0 0.00 0.00 0.00
20 [HCN 0 001 0.03 0 0.00 0.00 aool
21 |NH3 [ 008 0.4 0 0.00 0.00 0.00
22]CSs2 0 0.00 0.00 0 0.00 0.00 0.00| Stack Emissions (AMBta)
23 |SO2 0 0.00 0.00 n 034 0.00 0.00/0.053
24 [NO (] Q00 0.00 % 120 0.00 0.00}0.09
25 |02 0 0.00 0.00 156987  4906.00 15.30 1385
26 |[NaCl [} 0.00 0.00 0 0.00 0.00 0.00
27 |KC1 0 0.00 0.00 0 0.00 0.00 0.00
28 |Total Gas (Ib/hr) [ 24.34 100.00 1,025,790  33425.9%9 100.00  100.00
29 | 1,025,751 bal chk
30 |Volumetric Flow Rates (STP 14.7 pda, 59%)
31 |(acfm) 306,840
32 |(sefm) o 223,666
33
34 |Heat (BTUAD) 198§

. 35 |Cp (BTUND F) 0334 247
36 {HHV (BTUML) 2548.9 00
37 |[LHV (BTUAb) 2330.0 )
38 |Sensible Heat above
39 {59 F Btu/ib steam 0 a
40 |Latent Heat of
41 |Water Btu/ib steam 0 36
42
43 |Chemical Heat 0.00 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 @93
46 |above §9 F MBtw/hr
47 |Latent Heat 000 3734
48 |of Water MBtuhr
49 |TotalHeat(MBtwhr) 0.00 626 12693}
50 HRSG Turbine C
51
§2|C 12011 0 22413 22413 0.00%
53 |[H 1L 0 3989 3, 0.00%
§4 |0 16 0 UBH6 U8, 0.00%
§5 |N 14.007 0 ™I T 0.00%
56 |S 32 0 1 n 0.009%
57 |CL2 3s. 0] sub-total 1,012,342 1012842 0.00%{ sub-total
58 |H20 1801

“:33\;;, 5§ |ZnFe204
60 |ZnS
61 |FeS
62 [Fe203
63 |ZnO
64 |[ASH
65 |Total Solids
. 6 |Total Flow (pph) 0 1,008,894 90,752

67
68 |Total Flow (pps) 0° 28497 zzzl
89 |Pressuras (nein) 99 14.7 863
70 |Temperature (F) 1180 252 ¢




Revision 7 10/16/90
T £3) B 24

(1 BU_ __BV (6w ]
J-1538 DE-AC21-89MC26291 | 1
2

3
4

rumereSteam | Make Up Waler Sat. Steam Process Stm
HRSG WaterTreatment Gasifier Stm Turbine s

o Turbl HRSG § Turbine | Process Facility | 6
T = B/ mﬁr' [ :t +
8

LlgIBRIN|RIRIRIVIN

w
»

1237.6 48 1204 1214.5

Y AP

]

&

!
©

3

»
—

3

<

b 3

F 3
[V

s

3372 0.64 20.34 1044| 49

n Output 148

¢

AERERERE

28,860 13276 20020 8.600| 66

8.02 3.6

115 15

5.5 23| 68
sw| 250 69
461 «20] 70

pros
232] C
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Standardized IGCC Gasifier Cogen Application Reference Coal - Illinols #6

Mass & Energy Balance GE LM 6000 Predicted Gasifier Output

Conc SO2 Bleed ]Ehlnnhl Sulfur
Regen Loop Resox Process

SRP Marketable Byproduct
iohr  Ibe/mol _mols/ar  wi% mol% W/hr wi%

0.00 0.00 a00 0.00
0.00 0.00 0.00 0.00|
002 a1t 0.03 0.04
020 320 (] 111
0.00 0.00 000 0.00
0.00 0.00 Q00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 Q.00
4.10 24897 s 6
.00 0.00 0.00 aoo| *
0.00 0.00 0.00 0.00
0.00 0.00 .00 0.00
0.00 0.00 0.00 0.00|
0.00 0.00 0.00 0.00,
152 3199 3.5 1174
0.00 0.00 0.00 0.00|
Q3s 116 1.09 1.09}
0.00 0.00 a.00 0.00
0.00 0.00 0.00 0.00
111,784 100.00! 9,315 .19 29 100.00 100.00

SjoIN|OINIAIS N =
?

ofuwuoo

03000 AMO0O00

1y

e
3

I3
o
-

1214 LODF

30 |Volumetric Flow Rates  (STP 14.7 plh. S9F)
31 |(acfm) 310

32 |(scfm) zxg 1821

34 |Heat (BTUAL)
. 35 |Cp (BTUNLF) 0240 0.240 0.000 ﬂ
36 |HHV (BTUMD)
37 |LHV (BTUAY)
38 |Sensible Heat above
39 |59 F Btu/lb steam
40 |Latent Heat of
41 |Water Bay/lb stesm

43 |Chemical Heat 43
44 |(LHV) MBtw/hr
45 |Sensible Heat 3598 21 0.00
46 |above 59 F MBtu/hr
47 |Latent Heat 072 0.06 0.00
48 |of Water MBtu/hr
49 |TotalHeat(MBtuhr) 3670 283 433

12.011 i

16.
14.007,

[*)
rs
LZOoOEO

57 |CL2 3. .
e 58 |H20 18.01
AR 59 |ZnFe204

60 |ZnS

§1|FeS

62 |Fe203

63 |ZnO

64 |ASH 0.00 0
65 |Total Solids
’ 66 |Total Flow (pph) 111,784 9318 1089 :

68 |Total Flow (pps) 31.05 2959 0.30
69 |Pressure (psia) 294 294 13
70 {Temperature (F) 1400 1300 284
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50 MW Cogen Cycle
General Electric
LM 5000 ST120
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ITPRO 3.31 Michael Brown 12-13-1992 11:18::22
5CC 49 - 5@ MW COGEN CYCLE
SENERAL ELECTRIC LM S22 STiz@

ESTIMATED G.T. SITE PERFORMANCE

“uel=Fuel G.T. ® 123 % rating, XIGV= @
iite ambiernt conditions: 14.7 psia, 52 F, 6@ % RH
Inlet loss= 4 inch H20, exhaust loss= 1@ inch H20
vap. inlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN
ampressor inlet airflow % reduction = @
compressor efficiency reduction % = @
“urbine efficiency reduction % = @
daximum firirg temperature excess over base load = @ F
Tsmbustor % pressure loss (@ means nominal value) = 2
~mmbustor inefficierncy + heat loss % (2 means nominal v

(2 mearns riominal value) 7]
(B means norne) i

% of inlet 3.73

ircrease %
bleed location
bleed

laoling air
Jrocess air
rocess air

e e e e s oo S e ot e S S A e Sttt o o S o e et St S T S S St v St S et O S S St N G S 000 S SO ST e e AT e GO (R TS S S 2o e o

H. R.LHV Mex

F BTU/kWh kpph

e e et ot e o it e e kA 42k v S S e e e S S S Sk S A SO S Ao o S P S04 S o G4 9o S S PR T RS S7 SreR S St ST G S TS S S T S ek e e e

1‘MSIZHZMST1EIZI 32.9 2203 771 1299 48981 8649 1253

“nel flow = 157 kpph
‘nel pressure reqd.= 646 psia, compressor powers 873 k
3.T. auxillary power = &61 kWe.
“oamb. steam inj.= 6@.5 kpph ® €S2 psia & 60@ F
P steam ing.= 43.& kpph ® 25@ psia & 450 F
ESTIMATED G.T. CYCLE
STRERM TEMP. PRESS. MASSFLOW M. W.
F psia kpph N2+Ar

Imbient air in 59 14.72 12939, 45 =28.75 78. &2
Zompr. inlet =9 14.55 1@939.435 28.79 78. ez
Turbine coolant misc. 218. 14
rocess air bld  1@SE 478.67 126. 98 28.75 78. &2
Zompr. disch. iase 478.67 774. 34 28.75 78.22
Turbirne inlet z2e9 459. 52 991, 5@ 27. 86 67.41
Turhine exhaust 771 15.86 1252.84 27. 49 €3.66
Compressor= 79107 Turbine= 129228 Mech. loss= 399 kW

Turbirne coclant= 19.8 % compr in
Sdlpecific power @ gen term= 44.6
3 ficiency ® gen term= 36.3 % HHV

kW per kpph
39.46 % LHV

3

ENGINE
alue) = @

NE+Ar oz coz Hz0
% % % %
€5.66 11.93 4.75 17.6€3

We
MOLE COMPOSITION *
0z cnoe Hz0
cd. 74 2.3 1.2t
c@. 74 .23 1. a1
=Q. 74 Q. a3 1.a1
zB.74 Q.33 i.01
ia. 86 6. 28 15.639
11.93 4. 73 17.69

e " = s o i s oo o o ol SRR S S St et Bt S Seads S S S S



35TPRO 3.31 Michael Brown 12—-15-1992 11:18:2@

GAS TUREINE/GENERATOR HERT EBALANCE
X gy in = 168439 BTU/s

e it setee eonts e S Sove o A ot oot oS S e o S S TS e G YRS S S S S S SO SR S SSSe) A Senen S0 Snven SOURS $RHND S S S asses S S Gvve CAR S kot S e S S £ S e

Bas Turbine p.&

inlet air Inlet air Water Steam Fuel
iensible Latent Ing. Ing. HHV
za11 33 2 36509 127883
nergy out = 168364 EBETU/s
Incompl comb  GT Mech. Gearbox Gernerator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Dut put Air
467 293 @ 728 7a312 4232 46427 7877

e oo e o Svent ks v e S S0 it e SO SO e $90TY emee S S e S S LS S e (o S YRt et S ot Gt S SO Gt PSS e e SN S oS 690 Bt S (S (TR S iy S SRS e e £ e ey S S S S

‘ero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
leat Ralarce Errer = In — Out = 74.8 EBTU/s = Q44 %

s ot e e o S S s S e S SO0 SO e RO S o SA



TPRO 3.31 Michael Erown 10-15-199@ 11:18:=27 Steam cycle p. 1
GCC 49 - 5@ MW COGEN CYCLE
ENERAL ELECTRIC LM S@@a ST1Z

‘ 2 Subtype: &

p T h m uA Q A
psia F BTU/1b kpph BTU/s—F BTU/s sqQ. ft
tm rtrn 17.72 250, 20 c18. 49 37. 350
lakeup 17.72 8@, 212 48. a2 117. 431
W supl 17.72 121.2 89. 16 154.781
.TE 154.781 7 1235 2602
rom LTE 17. 2@ 15@. 2@ 117.88 154.781
.PB 11.263 29 32z asa
:ater bleed 23. 392
itde FW 17. 22 220, 22 188.132 131. 391
1PFW 731.58 Z2a. 57 192. 85 37.461
IPE1 37.461 32 cQa4 11856
(= 71@. 27 45, 395 383. 39 2. 2R
PEZ 37.461 ) 581 27
7 £99. 33 456. 22 439.21 Q. 22@
'PE3 37.461 1 z9a 515
8 €£89. 38 481. 03 467. 12 Q. 222
‘lwdn 689. 58 S@al. a3 489. 43 @a.371
iPB 37.2%2 36 7377 1221@
tm addn 6€89.58 S@il. a3 1z02. 37 3. 390
9 £89. 58 Sal. a3 1za2. 37 2. Q2
1PS1 6. 482 @ @ Q
£82. 58 SV1. 23 i1zez. 3 0. 200
| 6@. 480@ 8 1523 3269
11 €69. 50 €6, 22 1292. a2 &9. 481
iP procs 6693.950 66, 22 1293. 02 €. 487
eSa, 22 6@@. QR 1892. 71 60. 4801
PFW 273.18 z22e. 21 189.11 93. 9220
‘PE 33.930 S6E 4484 z@a817
1 =65. 23 385. 35 36@. 96 2. 200
1lwdn c69. 23 4225. 95 381.7@ 2. 93
PE 93. a2 232 21751 79642
= 265.23 425, 95 1z02.73 . 222
‘PS1 33. 202 4 918 1746
3 =257. 50 456. 20 1238. 28 93. 024
‘P procs 257.3@ 456. 02 1z238. 28 33. 024
2S@. DG 450, 22 1235. 46 935. 022

v+ oot o oot St e ot e et S St et S0 bt St Sl D v SR S bt S o e S Soaa Sho e Soare b b Sy e et Mt e s S M S S S " VSO bt G S o S S Gt e S SO St SFUMS Semmd MO b S S e PO SR St S Seind 1Ao08 T SR AR S S G0 0004 S oSt



5STPRO 3.31 Michael Brown 1@-15-199@ 11:18:27 Steam cycle p.&

imiler feedpumps = 63.3 kWe

STEAM CYCLE HEAT EALANCE

GT Exhaust GT Exhaust Duct Burrner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam

e e oo it S oo S S S R S0 S S SAS B St S S SO D oot S S A S S S T S S e b S s P S S0 $0000 SPRAN S et U S e P S Sy SO Mo ShAm SRS S ST (S A e g e e =S s SR S S

e e oo et e e oo e s S 20 Sa0ne SHOMR e St PR S840 (et SO S S S oo S S S0 SO S G 4000 Tt S OO Soeed S S0 S N 4SS Lans S Senie SANS aRe P S S TS TRy SR S M S04 S S0 5SS SS9 e S dhen beme s s SRS S

....._....._._......—_.—-—-—-.—.._.....—-......__..._..._.__..___..-—_——-———-——._———.._.—_—.—.....—-.——-———.——-————.—————._———_———_.———..._

Heat Elow Mech/Elec Stack Stack Condnse Process GT Proc. Electric
ladiated down Losses Sens. Latent C.W. Steam Injec. Water Output

_..._..._.._.......__.—--—_.-—...—_.......______-_.....—-_—-—._—_.-._—_..__....._..._...___——————_-——-—.—._.—._—_-—..____.._—-._.—.—._-—_....._.—__

‘ero enthalpy: dry gases & liquid water ® 32 F (273.13 K)
ieat Balance Error = In - Out =-.367 BTU/s = @B %




JITPRO 2.31 Michael Brown 10-15-1990 11:18:& Steam cycle p.3

HRSG GAS-SIDE PROFILE

. Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lrgth
HP/IP  HR/IP F irnch HED EBTU/s—F EBTU/s ft/s  Rows Ft
1 767.2 G6R26.Q@ 161. &
coe.7 @.3 7.6 1538. 1 71.6 Q.7 2.3
751.8 S@1.@ 250.8
2 751.8 S@1.2 2502.8
209.7 @.9 3€6.5 7653.& 68.9 2.6 1.1
674.4 S@1.0 173.4
3 674.4 4B1.2 193.4
2Q4. 2 Q. @ 1. 4 293.4 E6.6 @.1 @. @
£71.4 456.2 215.4
4  E671.4  456.@ 215, 4
4 671.4 456.@2  215.4 .
23e.3 Q. & 6.5 1514. &  E6.@ 2.6 . &
E56.0  426.2 &50.1
656.2 406.@ 250.1
5 656.0  4Q06.0 250.1
94.6 5.2 2 238.3 £1968.5 58.9 16.9 7.2
428.5  406.Q 22,5
. 428.5  426.0D 225
428.5  386.Q 42,5
75. 1 1.8 87.2 €558.5 S50.& 6.9 2.9
359.3 S20.6€  138.7
359.3  2&0.& 139. 1
7 359.3 &28@.@  139.3
1228, 4 2. 4 &4.9 30SQ.6  47.% 1.9 2.8
326.9 S28@.@  126.9
8 326.9 1S5a.2  i76€.9
184.5 @.1 6.8 1247.3  45.8 2.6 Q.=

Juct buwrrner fuel= @ kpph
jas mole composition:  €5.7 %Na2+Ar 11.9 %08 4.75 %C0Oz= 17.7 *#H20 .@@1 *S0&

“lue gas dew point = 136 F M.W.= 27.5

41RSG TOTALS Ecornomisers Evaparators Superheaters TOTAL
0 BTU/s 8594 32349 2441 43384

JA BTU/s~F 28 294 1z 403
A sqg.ft 36635 122752 SAa1s 142462

) e surface= B2R7 fin surface= 134174 sq.ft. Averaged fin eff.= .&86
frontal area = 318 sq. ft. Gas mass flux= 7.96 kpph/sq.ft

4RSG length = 12.6 ft, 30.2 tube rows, 749 ft of tubes per row.

& in dia. tubes with serrated fins, staggered arrangement.

Fin thickness/dia.= .83 , height/dia.= .4 , spacing/dia.= .@7

Tube transverse pitech/dia.= .5 , row longitudinal pitech/dia.= 2.5



GE LM 500d ST120
Water cooling
air to coal ratio 2. 41 air pressure 478 Cp air  0.248
water coal ratio 0.260 air tesperature 1052 Cp water 1,000
air to water ratio 9.27 water temperature ) Cp steam 0.435
1b wt 2 mols mol X partial
pressure
air 9.27 90.26% 0.32 85.31% 407.76
water 1,00 9.74% Q.06 14,69% 70.24 sat temp 382
Temperature of combined stream entering boost conpr‘esgor]
489.80 F sat pressure 514 psia Rel. Huk. 13.67%

Temperature of stream exiting compressor (B5% comp eff)
Tf = Ti + (Ti/m{(PF/Ri)*{(k-1)/k)-1})

where K

Ti - inlet temperature - 469.80 F - 929.80 R

n - efficiency - 85.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 550 psia

Pi - initial pressure 478 psia

Tf = S13.22 F
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal -
! 2 |Mass & Energy Balance GE LM 5000 ST120 Full Load Predicted Gasifier Out
' S |Stream No. 1 2 3 r) 5
4 |identification AR Coal Coal Fines ISIud Coal CompAlr @ 241 AC Water @ 0.2
: 6§ |From itinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water H20/
! ¢ _|To _Sizer Briquetting Gasifler Gusifier — Gaslfier Caoal
' 7 |Gas Mol Wt 1%/hr wi% | B wi®% | Bhr  wi% | W Ibmol wi% mol% o/br
[]
? |cO 28010 0 0.00 0.
10 [H2 2016/ 0 0.00 0.
11 ]CO2 44.010| s 001 . 0.
12 |H20 18015 (1, 018 1 11,513
13 |CH4 16.042 0 0.00 0.
14 JC2H6 30,068 0 0.00 0.
- 156 {H2S 4076 0 0.00 0.
16 JcOs 60.07 0 0.00 oy
17 N2 28013 0063 21.65 n
18 |Ar 39.948 1402 038 095
18 JHCI 36461 [ 0.00 0.00 0.
20 |HCN 71.026 0 0.00 0.00 0.
21 |NH3 17.020 0 0.00 0.00 0.
22 |Cs2 76131 0 0.00 0.00 o,
23 |sO2 64.0%) 0 0.00 0.00 0.
24 |INO 30.006 0 0.00 0.00 [
256 |02 3199 24521 663 121298 20
26 |NaCl 8497 0 0.00 0.00 o.
27 [KC1 74.596 [ 0.00 0.00 0.
28 {Total Gas (1b/hr) 106715 2886 10000 _ 100. 11,313
29
30 |Volumetric Flow n-u-l (STP 14.7 psis, S9F)
31 |(acfm) 1072
32 |(scfm) 3%
33
34 |Heat (BTUND) 1289
‘ 3§ |{Cp (BTUAb F) 0248
36 |[HHV (BTUNL) 10,776 10,776 10,776 o
37 |LHV (BTUAb) 102% 102% . 10260 0
38 |Sensible Heat above
39 |59 F Btu/lb steam 0 0 o 113
40 |Latent Heat of .
41 |Walter Btu/lb steam 7
42
43 |Chemical Heat 49.% 136.02 a2 0.00
44 |(LHV) MBtw/hr
45 |Sensible Heat 0.00 0.00 0.00 12.01
46 |above 59 F MBtu/hr
47 |Latent Heat n. 713 nn on
48 |of Water MBtuwhr
49 | TotalHeat(MBtwhr) 471.16 143.15 496.30 e X /) 1484
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 600 psia ¢
51
52|C 1zon 2617 @.11% 7985 60.11% 27991 60.78% 14
s3 |H 1.008 1,246 4.17% sS4 41w 1,846 401%) 7 1219
54 |O 16,000 3302 1571% 1006  1.57% 32 7.28% 25,161 10,234
55 IN 14,007 B 1.18%) 157 L18% 71 1.13%) 80,063 11,513 [Total
56|S 22060 1,278 2.88%; » 208 1278 271% 105,313 |Total
57 |CL2 35.500 0 0.00% 0  G.0OW 0 0.00% .
) 58 |[H20 18016 6243 14.10% 1573 14.10% 6243 13.56%
5;:'1\;;‘:;1 50 |ZnFe204
o 60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH 44 1000% 1328  10.00% 4825 10.48%
65 |Total Solids 420 10001%] 13284 10001% 46056  100.00%
‘ 66 |Total Flow (pph) 4200 * 13284 46,056 106713 11,513
67
6 8 |Total Flow (pps) 12.30 3.0 2% 29.64 320
§ 8 |Pressure {psia) 147 147 147 0 ¢ €0
70 |Temperature (F) 9 ) % 13 * 13 *




ol P T o R 1 8 1T v T ol Vv T W I X v | 7 1 A& A8_] AC [ AD]
: Illinois #6 J-1538 DE-AC21-89MC26291 1
Output 10/16/90 Revisicn 7 2

7 s ] 10 ~ §5 8¢Ib of coal 3

026 Tar Dust(per RT1 dia) [Miscellaneous Hot Gas with tars L

2“0' 4.00%|Gasifler @  6.00%|Final Cyclone Gasifier Heat Gausifier N2 incoal [
! HGCU Reclalm Losses HGCU to NH3 Conv 90.1%| 6
i iR | IWhr W% | Bhr wi® Whe TWmol . wi% ol % 7]
; 8
; 41,324 6%» 2626 2nm| 9
! 1459 029 118 1426] 10
! 18,493 28 1178 6%| 11
8,038 1.4 1 60| 12

3376 02 215 326 I3
69 010 043 0N 14]

1,162 oi s a74 osf 1§

32 00s o2 oo 16

20,115 129 091 x| 17

1402 02 o089 ox| 18

] 000 000 aoof 19

ss 0.01 003  o003f 20

£ 7] 008 a3 ol 21

0 000 000 ooof 22

0 000 000 000 23

0 000 000 Q00| 24

o 000 000 0oof 25

0 000 000 000 26

0 000 000 a0 27

157,363 4.3 10000 10000] 28

, 29

v 157,38 30

3,300 31

40834 32

34

0260 0.260 026 0.260 a9 35

) 10936 17329 0 2,5888 36

0 10936 16,511 0 2,3150 37

38

154 276 276 mn M9 39

40

0 0 749 0 214 41

42

1038 1937 “03 0.0 M4 43

44

079 049 073 001 25.4 Weter/sesm 5487 45

Jacket 46

0.00 000 199 000 59 Traversing 33.66] Gas HHV= 189 Bujsct | 47

Stirrer Eatimated= 3B | 48

117 19.86 4615 007 313 Total 4Q2.27] Calculated= @ Buwb | 49

17 tph (typical) Coal each: 18 Unit Oatput (MWn) 46.2 MWn BukGe-  10.13% H20 50
1 (Calc Comb Temp (F) 2210 51 |
6 1.9 1374 77.60% 238 83.00% ass 25914  0.00% 52 |

0  000% 213 S.00%) %S 000%] 3

0 000% 9 44296 0.00% 54

o  o000o% F AT 80,586 20,9 0.00% S5
0 0. 0 0.00% 71 100% 1278 1276] -0.02% | 56 |
01 0  000% Sub-Towls| 155966 155966{  0.00% | 57 |

0 000% Sum of umofGes | Mass 58

201 90 Streams IConstituents |Unbelsnce 9

4 2 balance check 60

13 6 FERC Cycle Efficiency(g)= 47.93% 61
0 0 FERC Cycle Bfficiency(n)= 45.92% | 62 |

4 2 63

4428 96.08] 91 DA% 0 0 64

S,144 100 1,771 100.00% 2,657 100.00% 23 100 65

3,144 L7711 2657 23 157,368 66

67

143 049 074 006 an 68

14.7 600 * €0 * sS4 sS4 69

6350 1120 1130 1200 1120 70
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! 1 |Standardized IGCC Gasifier Cogen Application Reference Coai - I
! 2 |Mass & Energy Balance GE LM 5000 ST120 Predicted Gasifier Oul
. 3 [Stream No. 11 12 i) )
. 4 |identification Alr Bleed Air Bleed Air Compressor Discharge
: 6 |From Atmosphere Compressor for Compressor
i ¢ _|To Gas Turbine Compressor Booster Compressor Cooler | Coolant Combustor
7 |Ges Mol Wt | Ibbr T—J_ma wi% mol% | Ib/hr N/mol wt% mol %] Iohbr . wi% 1
]
» _|CO 28010 [} 0.00 000 .00 0 o o000 aoo o 000 0.00
10 {H2 2016 0 0.00 Q.00 0.00 0 0.00 000 000 ° 0.00 0.00
11 |CO2 . 44010 71} ool 0,08 0m | oot 005 00 103 37 201 005
12 |H20 18015 6990 018 0.64 102 678 0.18 0.64 102 1307 4sas (§1] 0.64
13 |CH4 16042 0 0.00 0.00 0.00) 0 0.00 0.00 0.00| 0 0.00 0.00
14 |C2H6 30.068 0 0.00 0.00 0.00 0 0.00 000 00) 0 000 0.00
. 16 |H2S 34076 0 0.00 000 0.00 0 0.00 000 000 [ 0.00 0.00
i 16 |COS @070 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
. 17 N2 2013] 824860 2165 750 N 0063 2165 1503 TIs 163, 381,137 21.68 7503
18 |Ar 39.948 14,441 0.38 131 095 1,402 038 131 09 2865 10174 oxn 131
18 |JHC1 36461 0 0.00 0.00 0.00 0 0.00 000 Q00 0 0.00 0.00
20 |HCN 1026 [} 0.00 0.00 0.00 0 0.00 000 0.00, 0 0.00 .00
21 |NH3 17.0% 0 0.00 0.00 ow) 0 0.00 000 000 0 0.00 0.00
22 |CS2 76.131 0 .00 0.00 0.00/ 0 0.00 000 000 0 0.00 0.00
23 [SO2 “0% 0 0.00 .00 0.00 0 000 000 000 0 0.00 0.00
24 [NO 30,006/ 0 0.00 000 0.00 o 0.00 000 000 0 000 0.00
25 |02 31999 292628 68 798 2072 2,021 «¢® 298 207 30,124] 177984 e 298
26 |[NaCl 8497 o 0.00 0.00 0.00 o 0.00 0.00 0.00, o 0 0.00 0.00
27 [KC1 74.596] (] 0.00 0.00 0.00 0 0.00 000 000 o [} 0.00 0.00
28 |Total Gas (tb/hr) i 1099440 28.86 100.00 10000] 196,713 28.86  100.00 _ 100.00 218,198 774,587 2886 100.00
29
30 |Volumetric Flow Rates (]STP 14.7 psla, 59F)
31 |(acfm) 240,563 2,089 15,163
32 |(scfm) 240,963 23,350 48072] 169483
33
3 4 |hgAdiabHea(BTU/Y)
’ 35 |Cp (BTUALF) 0240 0.265 0265
36 |[HHV (BTUAY) 00 00 00
37 |[LHV (BTUAY) 00 00 00
38 |Sensible Heat
39 [above 59 F Btw/Ib 0 264 264
40 |Latent Heat
41 |of Water Btulb 7 7 7
42
43 [Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtu/br
45 |Sensible Heat 0.00 2812 204.11
46 |above 59 F MBtu/hr
47 |Latent Heat 1 on s12
48 |of Water MBtu/hr
49 [TotalHeat(MBtwhr) (x4 2883 20023
50 Parasitic Load 281 M
51 ,
52 |C 12011 1Q m 100 100
53 H 1.008 ™m 73 154 47 sa
54 |0 16.000 29220 25,161 $14 7 188
55 |N 14.007 - 4860 0,063 163, $81,137  581,i%7
56 |S 32,060 0 0 0 0 0
57 |CL2 35.500 1 sub-sotale [ 105,313}sub-totals 215273] sub-sotals 764413 764,413
. 58 |[H20 18.016 balence chek
RLSERS 69 |ZnFe204
60 |ZnS
651 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 {Total Solids
‘ 6 6 |Total Flow (pph) 199,440 106,715 2us,138| 775,587
67
68 |Total Flow (pps) 305.40 ¢ 29.64 . 6059 21516
69 |Pressure (psia) 147 ¢ 4% owm
78 ;Temperaturs () S0 1052 ¢ 1052
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= Output Revision 7 10/16/90] 2
) 15 15a 16 16a 3|
Zharge Fuel % H2S HPSwham  [Iniet Gas Thrmi NO (ppmavd) 25 LpSteam [ 4]
HGCU Removed HRSG GT Combustor *Rich/lean Red.F 85% HRSG _S_
GT Combustor 99.0%| GT Combustor |GT Expander _ LP Turbine [ €]

% mol% r wt % mol % 4 mol mols wt % mol% Whr 7

8
(1" a aIu 1478 263 P ) o 000 000 000 000 9 |
) 000 183 o L7 14.10] 0 000 000 0.00 000 @
aos 003 18,493 420 11.80 [ % )] 95,138 268 0.0022 9.9 609 ’_ll_‘
') 1| ases o1 5.6 7.0 0AD| 100454 283 001 1013 1571 43.200[ 12
aw oo} 337 210 216 336 [} 000 000 0.00 000 13
o 000 “w 2 0 oM 0 000 000 0.00 0.00 14
™ 000 2 0 aol oot 0 000 000 00 a 73]
=ra

aw 000 3 0 000 .00] 0 0.00 0.00 200 0.00 16
75 18] w0118 2,860 Ll “z “%1.Q5 1864 08 6T 6695 17
w ags Le@ 33 om ax 11576 033 000 117 o) 18
(1] Q.00 0 [} 0.00 0.00 0 0.00 0.00 0.00 o _l_?_
0w Q00 ss 2 om a0 ° 000 000 000 0 20
aw 000 sy n oM 0® 0 aoo 000 oo 000 21
am a 0 o 0.00 .ol ° 0.00 000 0.00 o 22]
0w 000 0 [} a0 Q00 25 00007 00000 Q0026  QOOIL 3
am o 0 0 a0 000 29 0009 00000 QG2 00196 24
ne 07 ° 0 a0 000 122,208 346 009 1237 1081 2§
am 000 o 0 a0 0 0 0.00 000 000 00| 26
aw 000 ° 0 000 000 0 000 0.00 LY 0.00 [27]
0 300 155,667 €439  100.00 100.00 QA0 ®LT4 2795 00058 10000 100.00) _a3200[ 28
- 991,735 tal &k 29
30

3o 36,860 31

40,780 224,061 32

33

12507 1235.5{ 34

03 0.301 35

23549 00 36

23%0 0.0 37

38
378 46 39 ]
[ 40 |

219 108 41
(42 ]

365.04 .00 %]

“

58.67 640.73 45
(46 |

u® 10447 47

48
458,00 7806] 74521 74529 haldk s337[ 49|

| Combustion Turbine Output  48.981 MWz | :(li
25,047 25941 1947 O (73

3,094 gmﬂ 11,162 1,1 0. 4,800} 53

sz D0 25 WA o 3,400] $4

2038 @4 LT3 61723 O «3.200] §5
13 13 13 0.1 (56

135,2664sub-total [Coean%__omie0]  0.00%ub-onl 57

balence check 58

59

60
6T
62 )

[X)
o

6S
156,667 QAK| 991,734 43200 %6;_

7

an 160 27548 12.00{ 68

.6 600 “0 * 2%[ 69

1180 6% 2200 ° 420[70
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6
‘ 2 |Mass & Energy Balance GE LM 5000 ST120 Predicted Gasifier OQutput _
3 _|Stream No. 17 18 19  Thrmi NO (ppmvd) 2§
; 4 _|Identification Exhaust Gas Fael for Supplementary Firing Flue Gas SCRRdF 80%
! 5 |From Geas Turbine Gasifler HRSG RLRF 85%
: & _[To _ _ - HRSG _ _ Stack NOxReburnF__ 0%
" 7 [Ges Mol Rihr molhr W% mol% R/br Imol wi% mol% | INEr molhr wi%  mol%
D
9 |CO 0 0.00 0.00 (1 0 «%» 2626 na 0 0.00 0.00 ool
10 |H2 o 000 0.00 000 0 V) L1 1426 0 0.00 0.00 0.00
11 |C0O2 95241 216408 7.60 476 0 206 1078 6.5 935241  2164.08 1.0 416
12 |H20 145,041 905114 11.57 17.712 (] 124 s.11 6.90 145041 9051.14 11.58 17.72
13 |CH4 0 0.00 0.00 Q00 0 a2 215 326 0 0.00 0.00 0.00
14 |[C2Hé6 (/] 0.00 0.00 0.00) 0 0.10 043 0.34 (] 0.00 0.00 0.00
16 |H2S (] 0.00 0.00 000 0 o1s 074 0.9 0 0.00 a00 0.00
16 |COS ] 0.00 0.00 0.00, 0 003 o 0.09 0 0.00 .00 0.00
! 17 N2 Q5285 2946078 65.86 “ 0 129 2091 “u| w5285 294078 “.5 4.8
18 JAr 14441  36LE® 119 0% 0 on 0.9 0.54 14441 3%1.09 118 0.0
19 |[HC [} 0.00 0.00 0.00) 0 a0 0.00 0.00 0 0.00 0.00 0.00
20 [HCN 0 0.00 0.0 000 0 001 003 0.0} 0 0.00 0.00 0.00
21 |NH3 0 0.00 0.00 000 0 008 oM 0.0 0 0.00 0.00 .00
22 |CS2 (] 0.00 0.00 o 0 000 000 0.00 0 0.00 0.00 Q00
23 (SO2 25 040 0.00 o 0 0.0 0.00 0.00 28 0.40 Q00 0.00
24 [NO 209 69 o.m aw 0 0.00 0.00 0.00 Q 1.9 0.00 0.00
25 |02 172091 540115 ne 1188 [} 0.00 0.00 00| 1712831 s0118 ne» 119
26 |NaCi 0 0.00 0.00 0.00) 0 Q.00 0.00 0.00 0 0.00 0.00 0.00
27 |KC1 0 0.00 0.00 o 0 0.00 0.00 0.00 0 0.00 0.00 Q.00
28 {Total Gas (1b/hr) _1253073 454600 100.00 100, 0 4.4 10000  10000] 1252903 43544043 100.00  100.00)
20 1253074 balck 1252907 bal chk
30 |Volumetric Flow Ratss (STP 14.7 psia, S9F) _
_ui(aclm) 61222 0 411851
32 |(scfm) 286932 0 286 897
33
34 |Heat (BTU/MD)
‘ 35 |Cp (BTUNL F) 0284 03 0266
36 [HHV (BTUND) 0.0 25489 00
37 JLHV (BTUAY) (] 23300 0
38 |Seusible Heat above
39 |59 F Btu/lb steam 202 0 -]
40 |Latent Heat of
41 |Water Btulb steam 120 0 120
42
43 |Chemical Heat 0.00 0.00 0.00
_q_l(ul\o MBtu/hr
45 |Sensible Heat 253.38 0.00 85.01
46 |above 59 F MBtw/hr
47 |Latent Heat 1%0.84 0.00 190.84
48 |of Water MBtuwhr
49 |TotalHeat(MBtw/hr) 40422 0.00 235.85 -
§0 | 1.14 Twrbine Compressor Swge Margin =
51
§2|C 12011 259715 259718 0.00% [ 25978 25975 0.00%
53 |H 1. 16116 16116 0.00% 0 16,116 16,116 0.00%
54 |JO 16 371,147 311,47 0.00%; 0 37105 371058 0.00%
55 I[N 14007 M 83 0.00% [ 825304 825,304 0.00%
56 |S 32 13 13 0.00% 0 13 13 0.00%
§7 JCL2 355001 1238633 1,238,633 0.00%] sub-sotal 0O sub-sotal 4 1238466 1238466] 0.009%{ sub-sotal
s 58 |[H?0 18014 balance check
M 59 |ZnFe204
§0 |ZnS
61 |FeS
$ 2 |[Fe2003
63 1ZnO
64 JASH
65 |Total Solids
. 66 |Total Flow (pph) 1,253,073 0 1253073
67
68 | Total Fiow (pps) 34808 o* 348.08
§9 |Pressure (psia) 15.13 $53.67 14.7
70 |Temperature (F) T 1180 N4
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Superheated Steam | Low Pressure Steam | Make Up Water | Sat. Steam
HRSG HRSG WaksrTreatment| Gasifier
Gas Turbine Gas Turbine & Process HRSG HRSG
/br ™/ar

1290.7% 1235.46 48 1203.7
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal - Illinols #6
2 |Mass & Energy Balance GE LM 5000 ST120 Predicted Gasifier Output
3 |Stream No. 28 26 27 27a
4 _|Identification Regen Recycie Loop [Conc SO2 Bleed Elemental Sulfur Elemental Sulfur
§ |From Recycle Blower Regen Loop Resox Process DSRP 8¢«
¢ |To [Regenerator SRP _____|Marketable Byproduct | Marketable Byproduct | Ma.
7 |Ges Mol Wt | hvhr wi% | Ibhr fba/mol molhr wi% mol% To/br wi% IVher '
8
s |CO 7010 ° a0 000 0.00 .00
10 |H2 2016 0 000 0.00 0.00 0
11]CO2 44.010 o 0.0s 5 o 012 003 a:r
12 |H20 18018 m (Y] 61 020 m (Y] L1l
13 |CH4 16002 o 0 0.00 000 0.00
14 [C2H6 noal 0 000 0.00 0.00 0.
16 |H2S 34.076 0 000 000 0.00 o
16 JCOS €.070| o 000 0.00 0.00 0.
17 N2 22013 91014 7497 s 08s 2410 288.60 7487 8602
18 |Ar 94| ) 0.00 0 000 000 a0 o
19 [HCI 36461 [ 000 000 .00 o
20 JHCN 21026 (] 0.00 000 0.00 0.
21 |NH3 17.0%0 0 000 0.00 0.00 o
22 |CS2 76131 0 000 0.00 Q.00 0
23 )S02 64.0%)| 30288 233 254 12 940 2337 7%
24 |[NO 30.006 0 000 0.00 0.00 0,004
26 |02 31.999 1407 1.09 n7 0.3 3.66 109 1.09
26 |N2ClI 8497 o 0.00 000 0.00 0.004
27 |[KCl 74.596 0 000 0.00 .00 0.00}
28 [Total Gas (1b/lr) 129 576 100.00 10,798 219 333 10000 100.00
29
30 |Volumetric Flow Rates  (STP 14.7 psia, $9F)
3 1 |(acfm) 4553 359
32 |(scfm) 23419 2118
33
34 |Heat (BTUND)
36 |Cp (BTUAL F) 0240 0240 0.000 0.000|
36 |HHV (BTUNL)
37 JLHV (BTUNY)
38 |Sensible Heat above
39 {59 F Btu/lb steam
40 |Latent Heat of
41 |Water Btu/lb steam
42
43 |Chemical Heat 502 s
44 |(LAV) MBtw/br
45 |Sensible Heat 4170 /] 0.00 0.00
46 |above $9 F MBtu/ir
47 |Latent Heat 083 .07 0.00 0.00
48 |of Water MBtwhr
49 |TotalHeat{MBtu/hr) Qs » 5.02 i@
59
51
$2]|C 12011
53 |H 1.008
54 |0 16.000
55 IN 14.007
56 (S 32060 1,262 126
57 |CL2 35.500 .
58 |JH20 18016
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
54 JASH 000 0
65 |Tolal Solids
6 6 |Total Flow (pph) 129576 10,798 1262 126
67
68 |Total Flow (pps) 359 3.00 a3s 035
6 9 |Pressure (psia) 24 294 15 15
70 |Temperature (F) 1400 1300 284 190
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» 28 3
Sulfur Dioxide Ash 4
802 Recovery Uait  |SO2 Reductor §
ketable Byproduct [Disposal _ 6]
ivar /e wi% 7
8
9
10
[1
12
13
14
S
6
17
I8
19
20
21
22

p<]

P2

25

26

F1i

28

29

30

31

32

33

34

0.000 35
36

37

38

154 o| 39

40

41

(4]

s 1.8 o] €
44

0.00| 0.00 o[ 45
| 46 |

0.00 0.00 of 47
48

s@ 181 o4 49
50

S1

125 3] S2

53 |

54

§S

12€| 56
57

El

59

60

61

67

63

4428 97| 64

4,353 100) 85

2,524 4,353 500 66 |
67

0% 126 68
100 15 69

- |
o




100 MW Cogen Cycle
Westinghouse 501 D5
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TPRO 32.31 Michael Brown 12-15-1992 13:12:15
3CC 51 - 122 MW COGEN CYCLE
ESTINGHOUSE S@1 DS

‘ ESTIMATED G.T. SITE PERFORMANCE

iel=Fuel G.T. @ 12@ % rating, XIGV= @

ite ambient conditions: 14.7 psia, 599 F, 6@ % RH
nlet loss= 4 inch Hz20, exhaust loss= 1@ inch Hz0
sap. inlet cooler ta @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

wmpressor inlet airflow % reduction = @

ompressor efficiency reduction % = @

nrbine efficiency reduction % = @

aximum firing temperature excess over base load = @ F

smbustor % pressure loss (@ means nominal value) = @

smbustor inefficievrcy + heat loss % (2 means rominal value) = 12
ooling air increase % (@ means vnominal value) = @

rocess air bleed location (B means rnone) = 1

~ocess air hleed % of inlet = 10.14

¥ Model PR TIT TET Mair kWe H.R.LHV Mex N&+Ar 02 CO2  HZO
F F  kpph BTU/kWh kpph % % % %
.‘5!2!1 DS 14.5 S06@ 982 2848 107180 10688 2983 75.@02 13.36 S.67 S5.95

el flow = 424 kpph

nel pressure reqd.= 285 psia, compressory powers 737 kWe
W T. auxillary power = 5324 kWe.
ESTIMATED G.T. CYCLE
STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %

F psia kpph NZ+Ar oz coz Hz0
imbient air in a9 14.72 =£848.11 28.73 78. 2 cd. 74 .23 1.a1
ampr. inlet 59 14,55 2848.11 £8.73 78. 22 2. 74 2.23 1.a1
‘urbine coolant misc. £354. 412
rocess air bld 711 211.2 c88. 8@ 28.79 78. 22 2. 74 2. a3 1.a1
ompr. disch. 711 211.87 E304.92 28. 79 78. &2 2. 74 .23 1.1
drbine inlet 6@ SRz, 82 27:28.63 28. 87 T4.7 12.67 €. @ 6. 41
irbine exhaust 981 15. 26 2983.83 Z8. 86 75. 22 12.2 5.67 5.585

ompressors 1342939 Turbine= 243657 Mech. loss= 656 kW
urbine coolant= 8.93 % compr in

T specific power B gen term= 37.6 kW per kpph

T efficiency B gen term= £9.38 % HHV = 31.33 % LHV




TPRO 2.31 Michael Brown 18-15-199@ 13:18:15 Gas Turbine p.&

GAS TUREBINE/GENERATOR HEAT BALANCE
' y in = 32356318 BTU/s
nlet air Inlet air Water Steam Fuel
ensible Latent Ing. Iny. HHV
Ize9 S268 a @ 345842
nergy out = 358064 RTU/s
Ivicompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proec
& carcass rad Losses Loass Loss Sersible Latent Out put Air
4168 417 ] 1451 2a4@11 32359 121533 1466

© v - e ot o Sonts S S T~ St b - Y~ — o o o T T — St et Voo W o Wt % drmie $9050 Semd M S S re4S PR oS ety oS WS i isd Ut et bt $oaat fint St oot S Souas bosia GwilS hemm Semd RS STERR WS S S Soawe WSS Govwe NS S it eSS e M Samwe G S S oS4 s S

-y

ero enthalpy: dry gases & liquid water @ 328 F (273.15 K)
leat Balarnce Error = In - OQut =-1746 BRTU/s =-.49 %




Steam cycle p.1

GCC St - 102 MW COGEN CYCLE

ESTINGHOUSE S@a1 DS

‘ & Subtype: & Irvduction

p T h m UA Q A
psia F BTU/1b kpph BTU/s-F BTU/s sq. ft

nd rtrn Q.74 87.37 55.358 454, 422

tm rtrn 17.7& 252. 20 218. 49 18. Zaa

akeup 17.72 8a. 22 48, 2ac 12,131 (Includes 1.34 kpph for desup)

W supl 17.7¢& 33.69 61.68 477, 506

TE 477. 506 51 74355 23714

rom LTE 17.20@ 120. 122 117.88 477.306

PE S4. 747 128 9318 43953

ater bleed 7. 422

td. FW 17. 2@ =2, 2@ 188.13 4@7. @86 -

RPFW 1423.77 221.13 193. 48 336. 128

PE1 336. 128 149 11712 66383
& 138&. 2@ 342.54 318.89 2, 22a

PEZ 336. 128 49 6126 21486
7 136&.17 4. 12 284.5@ Q. 202

PES 336. 128 248 17237 126113
8 1342. 24 S62. 128 369. 1= @. a2

lwdr 1342, 24 S8z2. 128 S91.91 3. 328

PR 33&. 82 581 S6219 SE27514
9 1342, 24 S8z. w8 1177.43 2. Q2R

PS1 33&2. 82a @a Q ]

1342, 24 S58:s. 18 1177.23 2. 20

‘l 33&. 80@ c2e7 ZEZE64 112429
11 1302. 35 941. 2@ 1461. 14 2. B2A

nto HPT 1265, 22 8935. 122 1458. 93 332, 82a

ef addn 350@.022 630@. 41 1330. 2 332. 8@

IPT addrn 3S0.002 432. 00 1224, 28 73, 42R

ft addn 350.02 S59@. &1 1308. 33 43, 22

PT bld., 257.5Q 536.63 1285. 9@ 3. 56

a2superhtr 1. 344

IPT proc 250, 20 4. 22 1214.85 24, 420

PT exit 115.00 383. 52 1219. 6@ 3080, 164

PFW 128. 66 220, a9 188. 55 7@. 359

PE 7@.3959 =3 ca71 12142
1 122. 2@ 328.54 £93. 39 2. a0

Hlwdn 122. 2@ 242. 54 314,12 . 703

PR 7@. 256 196 1732 8@738
= 1z22. 02 342. 54 1191. 8z 2. 022

RS1 7@. 256 S &40 2733
3 1z2. 22 42, 12 12&24. 32 Q. a2a

ps& 70. 256 25 1843 18@8:3
4 118. 45 58:2. 28 1318.77 2. 22QA

mto LPT 115, 0@ 416.65 1234. 60 458, 420

%x it .74 91. 57 964. 36 45Q. 420



TPRO 3.31 Michael Brown 12-15-1990@ 13:12:22 Steam cycle p.&

STEAM TURBINE

Work (KW

No. of steps Exit Quality Efficiency (%)

‘m HPT additw 4 1.157
o HPT bleed 1 1.101
o HPT exit 3 1.2833 81.66 229937
= LPT exit 13 @. 868 81.49 3S678E
ross power = S8268 kW. Mech/Elect losses = 1748 kW.
jenerator output = SESZQ kWe. ST auxiliaries = 396 kWe
‘wiler feedpumps = 5398 kWe e
CONDENSER
P T h m

psia F ETU/1lb kpph
PT exit . 7365 91.57 264. 36 451D, 42
aturation @a. 73&5 91.57
jondensate well . 7365 87.57 59. 58 45Q. 42
moling water in &5. 00 272688. 88
vamling water out 812. 22 27:288. 88
lumbeyr of passes= 1 UA= 6311 BTU/s-F Surface area = 320872 sq.ft
‘ubes: OD = 1 in Length= 38.6 ft number= 3057

aoling water: Velocity= 9 ft/s DP = 9.22 psia Pumps = 388 kWe.

STEAM CYCLE HERT EALANCE
nergy in = ZE16392 BTU/s

¥ e e e e et st 020 450 oo e S e S SR8 S . S PO . S A e S S S S R S S S 5900 S S e S it oS0 S S S0 4200 M YU S S S S M G O Y S T (T S S R s st e e e

GT Exhaust GT Exhaust Duct Burrer Makeup+Proc Pump External

Sernsible Latent Fuel HHV Ret urn Woark Steam
o411 28399 7] 1246 Sa7 23571

Heat EBlaw Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
‘adiated down Losses Sens. Latent C.W. Steam Injec. Water Output
o733 =yrda) 1657 45124 22399 113743 8234 @ Zeba 53974

e e s e e e 2 S0 oo o S e e e S e S S S0 S i i S b e S Lo 0 a0 o o e St s S G AR S0 S 4S8 8 S e e e S R i S M S "t T s e S St G s o S s S S 5 S5 (S £ S S e = e

it
5 ~
N

! ernthalpy: dry gases & liquid water @ 32 F
|' Balance Error = In - Out =-1.086 BTU/s




TPRO 3.321 Michael Brown 10-15-1990 13:12:28 Steam cycle p.3

HRSG GAS-SIDE PROFILE

.Tg F Tw F DT F @g/UAR DELTA P UA Go Vg Tube Lngth
HP/IP HR/IP F inch H20 BTU/s-F BTU/s ft/s Rows ft
1 976. 1 941.Q@ 35. 1
117.12 1.9 226.7 265&6.7 S57.@ 7.4 3.1
889. 2 s82.1 c277.12
e 8s9.a 582.1 277. @
97.8 3.2 58@.7 S6781.& 49. & 15. 2 6.2
&2, 1 582. 20. 2
3 eaz. 1 S6e2. 4.2
3 6. 1 S8:2. 1 .2
68. 1 1.5 &82.8 19871.6 42.1 8.z 3. 4
Siz2. 433, 1 11&.7
512, 412@. 1 112.7
%4 S1z.8 420. 1 112.7
4 S12.8 40@. 1 112.7
125. @ 2.3 S54.6 6833.5 39.6 1.6 a.7
4812. 8 342.5 138. 3
48@.8 342.5 138.3
S 480. 8 342.95 138.3
9@. 3 2.8 196. 2 177@:2.8 37.2 S.3 2. 2
‘397. S 342.95 55. 02
& 397.5 342.5 S55. 2
6 397.5 322. 9 75. @
81.1 2.7 171.5 13918. 12 34.1 5.2 2.1
331.5 221.1 112. 3
331.5 Zee. 1 111. 4
7 331.5 2R, 2 111. 5
87.1 .4 128.1 9411. 2 31.8 3. 1.3
&286. 39 o2, a €6.5
a8 286.5 150. @ 136.5
146. 4 . S1.4 73&29.3 3@.1 1.6 Q.6
2Sa. 4 93.7 156.7
met burner fuel= @ kpph
as mole composition: 75 %NE+Ar 13.4 %02 S.67 #»COx 5.935 %#He LRz AS0OE
‘lue gas dew point = 97 F M.W.= 28.73
‘RSG TOTALS Ecovomi sers Evaporators Superheaters TGTAL
a3 BTU/s 443598 83QES 28747 156412
JA BTU/s~-F =g | 885 267 1672
.sq. ft 2278328 39404 133245 15287
r"Me surface= 41608 fin surface= 673678 sq.ft. Averaged fin eff.= .728

IREG frontal area = 1205 sq.ft. Gas mass flux= 5.8%9 kpph/sq.ft
IRSG lerngth = 19.6 ft, 47 tube rows, 2413 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.

in thickrness/dia.= .43 , height/dia.= .4 , spacing/dia.= .d7

‘ube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5

-



W15
Hater cooling
air to coal ratio 2. 41 air pressure el Cp air 0,248
water coal ratio 0. 147 air tesperature m Cp water 1.000
air to mater ratio 16.39 vater tesperature 80 Cp steam 0.455
1b wt % wols w®ol % partial
pressure
air 16.39 94.25%¢ 0.57 91.13x 192.27
water 1.80 5.75¢ 0.6 8.8 18.73 sat temp 224

Teaperature of combined streas entering boost compressor

400,09 F sat pressure okl psia Rel, Hum, 7.58%

Temperature of strean exiting compressor (85% comp eff)
TF = Ti + (Ti/m#{(PF/P)*((k-1)/K)-1D)

where

Ti - inlet tewperature - 400,09 F - 860.29 R

n - efficiency - 85.08%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 350 psia

Pi - initial pressure 211 psia

Tf = 32.63 F
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! 1 |Standardized IGCC Gasifier Cogen Application Reference Coal -
; 2 |Mass & Energy Balance W 501 DS Plant Full Load Predicted Gasifier Out
3 _|Stream No. 1 2 3 4 [
. 4 |Identification AR Coal Coal Fines Sized Coal CompAlr@® 241 A/C Water @ 0.26
' 5 |From Ttinols #6 Steer @ 30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water  H20/
§ [To Sizer ___IBriquettin Gasifler Gusifier - Gasifier Coal
7 |Ges Mol Wt hr wt% wih | BAr W% Wiae  Wmol wi% mo% W/ar
8
9 jco 20010 [ 0.00 0.00 0.
10 |JH2 2016 0 6.00 0.00 0.
11 ]CO2 44.010 157 oot ao0s 0.03
12 |H20 18018 1238 o1s 0.64 1 nan
13 |CH4 1600 (] 000 000 0.00
14 |C2H6 36068 0 0.00 000 oL
15 |H2S 34.076 0 0.00 0.00 0.
16 |]COS €0.0% 0 0.00 0.00 0.
17 N2 28013 216,534 2068 1S3 T
18 |Ar 9.948 391 [$ ] 1 0.
19 {HQ 36461 0 0.00 0.00 Y
20 |HCN 21.026 0 0.00 0.00 0.
21 |NH3 17.00, 0 000 0.00 0.
22 |CS2 %131 [ 0.00 0.00 [
23 |SO2 64.09 0 000 0.00 0.
24 |[NO 30,006 0 0.00 0.00 .1
26 |02 3199 %317 €Y 2298 .
26 |[NaCl N4y7 0 .00 0.00 ()
27 |KCi 74.506 0 0.00 0.00 0.
28 [Total Gas (1b/hr) 2884614 2086 10000  100. 31,337
29
30 | Volumetric Flow Rates (STP 14.7 psia, 59F)
31 |(acfm) san
32 |(scfm) 3,1%
33
34 {Heat (BTUAD) 1308
35 [Cp (BTUNL F) 020
36 |HHV (BTUND) 10,776 10,776 0,776 0
37 |LHV (BTUAY) 102% 102% 10260 (]
38 |Sensible Heat above
39 |59 F BtuNlb steam 0 0 (] 173
40 |Latent Heat of
41 |Water Btulb steam 7
42
43 |Chemical Heat 1226.20 367.06 117195 000
44 |(LHV) MBtw/hr
45 [Sensible Heat 0.00 000 0.00 3.9
46 |above 59 F MBtu/tr
47 |Latent Heat (% ] 1929 4.0 191
48 jof Water MBtu/ar
49 [TotalH eat(MBtwhr) 1290.%0 387.15 14225 3.4 .73
50 Number of Gasifiers for 85% Plant A valllbilmcuiﬁu Availability, 350 psia -
5 1
§2|C 12011 71906 0NN 21396 6011% 75708 <0.78% 5
53 |H 1.008 4994 41T% 1498 4179 499¢ 401% 204 3,460
54 |0 16000 9,066 151% 2710 1.51% 9,066 7.28% .00 21611
56 |N 14,07 1413 1.10%] a4 L18% 1413 1138 21 31,137 [Total
56 |S 22060 3409 280% 1035 200% 340 271% 284 K23 [Total
§7|CL2 35.500 0 ©00%: 0 0.00% 0 0.00% .
58 |H20 18016/ 16,886 1410 SpS6  1410% 16886 13.56%
69 |ZnFe204
60 |ZnS
61 |FeS
62 |[Fe203
63 |ZnO
64 |ASH 11976 10008 33593  1000% 13049 10.48%
65 |Total Solids 119,757  10001%] 35927 10001% 1M43% 100.00%;
66 {Total Flow (pph) 119,757 ¢ 35977 124.3% 288614 31,137
67
68 |Total Flow (pps) nY 9.98 M@ 20.17 865
6 9 |Pressure (psia) 147 147 147 350 * 350 ¢
70 |Temperature (F) 9 % 9 553 ¢ s53 ¢




o 1 7 1 o 1 ® T s | T || T v T w | x Y 2 AA AB | AC | AD]
. Illineis #6 J-1538 DE-AC21-89MC26291 1
ler Qutput Revision 7 2
] 10 35 sctAd of coal

(V] Dust(per RT1 dia) |[Miscellaneous Hot Gas with Tars 4

+ no Final Cyclone Gasifier Heat Gasifier N2 i coal [
—Coal Roclalm Losses HGCU _to NH3 Conv 90.1%! 6
A wit % ib/mol wi% mol%| 7

8

111,763 6¥» 2626 2w 9

sms 029 118 1426 10

50015 286 1175 6% 11

m 21,7% 14 s 60| 12
9,131 om 215 326 13

1811 0.10 043 ol 14

314 o8 a4 asyf 1S

24 00s o2 ool 16

216674 1 %91 e 17

3m1 o oasy o3¢ 18

0 000 000 o0oof 19

147 001 003 003 20

1,453 008 03 osf 21

0 000 000  auof 22

) 000 000 ool 23

) 00 000 000 24

) 000 000 Qoo 25

] 000 000 000 26

0 000 000 Qoo 27

i 3,68 2434 10000 100.00| 28
[ 29

Qsoe 30

17262 31

110,437 32

33

18 34
0260 0260 026 0260 ox9 35

. ° 10936 17,329 o 2,588 36
3_ ° 10936 16,571 ° 2,570 37
‘ 38
! 154 276 276 3 M9 39
40

0 0 749 0 214 41
[42]

28.08 2% 11907 000 101081 43

44

214 132 198 0.19 71.5 Waler/steam 148,40 45

jocket 46

0.00 0.00 538 000 167 Travarsing 91.03{ GmHHV- 189 Buisct | 47

Stierer Estinsted= S35 Bavb | 48

7 3022 $I1 12644 019 882 Toul 125024] Calculeted= QO Bavd | 49
peia & 17 tph (typical) Coal each: 49 |Unit Output (MWn) 151.9 MWa BakGw= 401%H20 | 50
] lcakc Comb Tamp o) 200 ST
1936 13.92 N7 T1.60% €13 88.00% 70,087 [ | 52 |

0 000% 51 S00% 10,534 1053]  0.00%| 3

0 000% 14 200% 19%00] 11980 000% 54

0 000% 7 100% 217947]  217947]  000% 55
o mmﬂ 0  000W 7 100% 3449 34%0] 002% | 56 |

0 000% Sb-Toul|  a21817] «21817] 000% 57

0  000% Sum of Sunof Ges | Mam 58

543 90 Streumns Constituents |Uobalance S9

12 2 balance check 60

36 6 FERC Cycle Efficiency(g)= 45.59% 61

() 0 FERC Cycle Efficiency(n)= 42.46% 62

12 2 (5]

11976 86.08) 1013 2.40% o o 64

13912 100 4,790  100.00% 7,185 100.00% o4 100 65
13912 4,790 7,188 604 425,608 %

386 13 200 0.17 1822 68

147 350° 3% 26 286 69

6% 1120 1120 1300 1120 70
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal -

2 |Mass & Energy Balance W 501 DS Plant Predicted Gasifier O
3 [Stream No. i1 12 n 14

4 |Identification Alr Bleed Alr Bleed Alr Compressor Dischar
§ |From Atmosphere Compressor for Compressor

| & To Gas Turbine Compresor ) Booster Compressor Cooler _1 Coolant Combustor

7 [Ges MoiWt | Ibar  IWmol ml""'wt—s ~— mol% | Whr /mol wi% mol%| Ibhr Whr R/mol wi%
[

8_jCOo 28010 0 .00 0.00 0.00 0 0.00 000 nooi 0 0.00 000
10 |H2 2016 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 a.00
11]CO2 44010 1,349 0.01 0.0s 003 137 0.01 0.05 om 1092 001 003
12 |[H20 10.015 18,108 018 0.64 102 1,838 Q.18 0.64 L2 1,61 14,655 018 0.64
138 |CH4 1604 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
14 jC2Hé 30068 [ 0.00 0.00 000 0 0.00 000 000 [ 0.00 0.00
15 |[H2S 34.076 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
16 |COS €00 0 0.00 0.00 0.00| 0 0.00 0.00 0.00 (] 0.00 .00
17 |N2 2013 2,136,80¢ 21.68 7503 T2s| 263534 2168 503 TI 190,874] 1,729,%96 21.65 750
18 |Ar 39948 37409 038 1 095 3,91 038 131 09 3,34 30277 038 n
19 |[HCl 36461 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
20 |HCN 27,026, 0 0.00 0.00 0.00 0 0.00 0.00 0.00 [ 0.00 000
21 |[NH3 17.0%0 0 0.00 0.00 0.00 0 0.00 000 000 [} 000 0.00
22|cs2 76131 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
23 [SO2 “0% 0 000 0.00 0.00 0 0.00 000 000 0 0.00 .00
24 |[NO 30,006/ 0 0.00 0.00 0.00 0 0.00 000 000 [} 0.00 0.00
25 102 3199| 65443 6 79 07 67 6«3 N 207 58, £29,658 €6 nn
28 [NaCl 8497 0 0.00 0.00 000 ] .00 000 000 [} .00 0.00
27 |[KC1 74.996 0 0.00 0.00 0.00, [} 0.00 000 000 [} 0.00 0.00
28 [Total Gas (Ib/br) 2848104 20.86 300.00 300, 28,614 2886 100.00 100.00 254412 ) 2086 10000
29

30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
| _gl{(actm) 3,1% 9912 79,168

32 |(scfm) 23,1 63,150 $6,066] 304,363

33

34 |hgAdiabHeat(BTU/Ib)

36 |Cp (BTUNF) 0240 0258 0255

36 [HHV (BTUL) 00 00 00

37 |LHV (BTUAD) 00 00 0.0

38 |Sensible Heat

39 |above 59 F Btu/lb 0 166 16

40 |Latent Heat

41 |of Water Btu/1b 7 7 7

42

43 |Chemical Heat 0.00 0.00 Q.00

44 |(LHV) MBtu/hr

45 |Sensible Heat 0.00 4190 59

46 |above 59 F MBtu/tir

47 |Latent Heat 18.83 19 1524

48 |of Water MBtuhr

49 |TotalHeat(MBtwhr) 18.83 4981 39783

50 Parasitic Load 11.83.
[XE

52)C 12011 7] 33 298 298
§3 |H 1.008 204 180 1,88 1,28
54 |O 16.000 a0 99,984 SN UILN
§5 IN 14.007 216,534 190,874 1720396 1,729,396
56 |S 22060 0 0 ) 0
57 jCL2 35.500 284,823 |sub sotals 251070 sb-wuts [ 2274012374301}
58 |H20 18016 balence ch=-
59 |ZnFe204

60 )ZnS

[ €1 [FeS

62 |Fe208

63 {Zn0O

64 JASH

65 |Total Solids

66 [Total Flow (pph) 2,848,104 288,614 254,412 2305078

67

68 |Total Flow (pps) ML %017 . X671 64030

6 § |Pressure (psia) 147° 2. 211

70 |Tempersture (F) 39 ¢ 711 * 11 B




L4

T T T T A T aw & 1 av T & I =T si 88 ] e | e | B | o e
jal -  Illinols #6 J-1538 DE-AC21-89MC26291 1
sifier Qutput Revision 7 10/16/90} 2

18 16 17
wor Discharge Fuel %H28 Inlet Gas ThrmiNO (ppmvd) 25 |ExhaustGas 4
wor HGCU Removed Combustor *Rich/Lesa Red.F  85% |Gas Turbine [
GT Combustor 99.0%1GT Expander s 6 |
wi® wmol®% | B molhr  wi% mol % —mok W% mol% | Phr molhr wi% moi% |7
8
0 0.00 oo e 3990 2638 M [ 000 000 0.00 o [ 0.00 000 ooof 9
0 000 0.00| 4966 2,463 117 14.10 0 000 000 0.00 (1 0 0.00 000 oo 10
n 008 00| %0015 1,136 11.%0 651l 257,004 273 ocwl 9.43 «1| 251324 109 .63 ses| 11
i 0.6 iy 1,28 5.6 7.60] 10988 ° 116 000 401 'Y 111066 616519 372 sool 12
0 000 9,131 5® 216 3.26 ° 000 000 0.00 o o 000 000 o000l 13
» 000 1811 @ 04 oM 0 000 000 0.00 o 0 000 0.00 'Y 4
» a0 n 1 a0l 001 [ 0.00 000 0.0 (Y [} 000 000 0.00{ 15
L] a0 9 0 000 0.00 [ 0.00 000 0.00 o 0 0.00 000 o 6
T 216,674 118 LR 4a2m] 147079 2067 0QS 7138 700l 2137953 7632004 7161 30 17
n 1R} 391 ] 0.9 0% 34,067 036 000 125 a1 37409 93644 123 09| 18
00 000 o 0 000 0.00 0 000 000 0.00 (g 0 000 000 0.00{ 19
00 000 14 s a0 003 0 0.00 000 0.00 0. 0 0.00 000 0.00{ 20
00 0.00 0.00 1453 ss (371 0.9 [ 000 000 0.00 0 0 000 000 000 21
00 000 0.00 0 [ 0.00 0.00) 0 000 0.00 0.00 o 0 0.00 000 'Y 2
00 0.00 0.00 0 [ 0.00 0.00 ® 00007 ©0000 00025 000 @ 108 000 0.00{ 23
00 000 0.00 0 0 0.00 0.00 363 00060 00000 0006 00 63 n7t on o 24
Qe s 2072 0 0 0.00 o 300,163 4n4 00044 1393 1 asen 15710136 14.70 1uf 28 ]
100 000 000 [ [ 0.00 0.00 [ 000 000 0.00 o 0 0.00 000 0.00{ 26
ioo 000 0 0 0.00 0.00 0 000 000 ° 000 000 oo00f 27
186 43713 17469 100.00 100.00 791 297  00MS 2943203 103000.57 100.00 100004 28
2728,794 bal &k 2983206 belck 29
30
17,994 209,286 1,753,054 31
110291 994,644 €350,312 32
33
34
0334 0.z78 0.267 38
25489 0.0 00 36
23300 00 0 37
38
378 ss7 39
40
219 42 3 41
42
987.26 0.00 0.00 43
44
158.68 192015 14.83 45
46
2.7 113.83 11551 47
48
1238.67 163398 163650 bel chk s34 49
1153 MW | Combustion Turbine Qutput 107.179 MWg I 1.05 Turbine Marmgin 50
F! - 51
298 0.00%! 70,201 70201  0.00% 70234 0. §7
1,28 0.00%) 12,161 12161 0.00% 12,41 12,341 0.00% 53
049 0.00% “6A58S 664, 0.00% U2 0.00% S4
%7 ) 0.00% 1967342 19414 0.00% 2138216 2,138216 0.00% §S
0 0 0.00%} 34 M 0.10% M b7y 0.00% E2
1 0.00% 204,724 20411] O [ 2945791 _ 2945,791 0.00%]sub-wotal 57
belamce check balance check balance check 1]
59
60
[31
62
63
64
AS
423,713 272891 2,983,203 %
117.70 758.00 828.67 68
2863 203 ¢ 15.13 69
1180 2,060 ¢ 980 * 70
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1 Standlardlzed IGCC Gasifler Cogen en Application Reference Coal - Illinois #6
2 |Mass & Energy Balance W 501 D5 Predicted Gasifier Output
3 |Stream No. 18 19 ThrmiNO (ppmvd) 25 2
; 4 |Identification Fual for Supplementary Firing Fiue Gas SCRRedF 80% | Superhented Steam
; 65 |From Gasifier HRSG R/LRdF 8% HRSG
[ o HRSG Stack NOx RedburnF 0% _ Steam Turbine
7 [Ges i mol wti% mol% [ wt% mol% Y
8
s |CO 0 % 2626 ne 0 0.00 0.00 0.00
10 |H2 0 .29 118 142 0 0.00 0.00 0.00
11 }]CO2 0 286 1175 6 291,524 585149 T4 ] s.68
12 |JH20 [} 124 511 't 111066 616319 w2 399
13 |CH4 ] [.% /] 218 32 () .00 0.00 .00
14 |C2Hé6 0 0.10 043 034 0 0.00 0.00 0.00
16 |H2S 0 als 074 0.93 (] 0.00 0.00 0.00
16 |COS (] .08 o o 0 0.00 0.00 0.00
17 |[N2 0 12% 50.91 “2]| 2137953 7632004 71.68 7411
18 |Ar 0 on 0.5 0.54 37409 93644 125 091
19 |HC1 (] 0.00 0.00 0 [} 0.00 0.00 0.00
20 |JHCN 0 0.01 003 0.0) 0 0.00 0.00 0.00
21 |[NH3 (/] a0 oM 0.4 [} 000 0.00 0.00)
22 |CS2 (] 000 0.00 Q 0 0.00 0.00 0.00|Stack Fenlesions (I/MB:
23 |502 0 0.00 0.00 (L1 ® 1.08 0.00 0.00§0.053
24 [NO [} 0.00 0.00 1 3 378 0.00 0.00{0.09
25 |02 0 0.00 0.00 1 438,62 137071.36 147 1331
26 |NaCl 0 000 0.00 1 0 0.00 0.00 0.00
27 JKCQ1 0 0.00 0.00 Q ) .00 0.00 0.00|
28 [Total Geas (IWhr) 0 24.34 300.00 100 792 102985.33 100.00 100.00{
20 | 2.982,736 bal chk
30 |Volumetric Flow Rates (STP 147 pda. S9F)
31 |(acfm) $89,%07
32 |(scfm) o 650217
33
34 |Heat (BTUND) 1459.9]
35 |Cp (BTUNL F) 0334 0248
36 [HHV (BTUND) 2549 00
37 |LHV (BTUAY) 23%.0 0
38 |Sensible Heat above
39 |S9 F Btu/tb steam 0
40 |Latent Heat of
41 |Water Btu/lb steam 0 » |
42 B
43 |Chemical Heat 000 0.00 :
44 |(LHV) MBtu/br
45 |Sensible Heat 000 14103
46 jabove 59 F MBtu/hr
47 |Latent Heat 000 11951
48 |of Water MBtuhr
, 49 [TotalHeat(MBtuhir) 000 25654 485.70) {
' 50 HRSG Turbine Oy
5 1
§21C 12011 0 70234 70234 0.00%]
53 |H 0 12341 12,41 0.00%
54 |O 16 0 TUT2 T4 0.00%4
55 N 14.007 0 2,138,006 2,138,006 0.00%
5618 n 0 34 34 0.00%
57 |CL2 3. O}sub-total 2945347 2945347 0.009%{ sub-total
. §8 |H20 1801
! 59 {ZnFe204
60 |ZnS
61 |FeS
62 |[Fe203
63 [ZnO
64 |ASH
$5 [Tolal Solids
66 {Total Flow (pph) 0 2,983,200 332,784 1
67
68 |Total Flow (pps) 0 2867 .44
69 |Pressure (psia) 2863 147 1265
70 |[Temperature (F) 1180 2% ¢ 93]
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Low Presure Steam
Steam Turbine

2
Makes Up Water
WaterTreatment
HRSG

D
Sat. Steam
Gasifier
Steam Turbine

u

Process Stm
St Turbine

/hr

Pmﬂ:d_mx_

21

e]lelafulnfululeuls

1242/

12145 34

3§

37

39

41

§7.26

196)

71.34

G Turbine Output

$6.5

MWg

42

45

20.6

41261

70418
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19.52
11§

11.46
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] 1 [Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6
:L 2 |Mass & Energy Balance W 501 D5 Predicted Gasifier Output
, 3 _[Strsam No. 2 26 27 27a
1 4 |Identification Regen Recycle Loop Conc §02 Bleed Elemental Sulfur Elemental Sulf
§ |From Recycle Blower Regen Loop Resox Process DSRP
$ _[To Regenerator SRP - - Markatable B Marketable Bypr
7 |Gos /hr wi% I/hr  fbe/mol mok/hr wi% mol% 10/hr wi% [l
[]
8 |CO (] 0.00 0.00 000 L1
10 |H2 o 0.00 0.00 000 0.
11]CO2 174 009 14 o 0.33 005 Q.04
12 |[H20 2,16 0.62 1 0.20 10.03 a62 111
13 |CH4 ] 0.00 0.00 0.00 o
14 |C2H6 ] 0.00 0.00 000 0.
‘ 15 |H2S 0 0.00 0.00 0.00 (Y
: 16 |COS o 0.00 0.00 0.00 0.
: 17 |N2 2039 8T 21865 M0 78053 7487 *%.
18 |Ar o 000} ) 0.00 000 000 o
19 |HCI 0 0.00 0.00 0.00 (Y
20 |JHCN (] 0.00 0.00 0.00 0.
21 [NH3 [} 0.00 0.00 0.00 0.
22 |CS2 ] 0.00 0.00 0.00 0.
23 |SO2 81,916 ny| a6 192 10636 1337 1L.74)
24 [NO o 0.00 0.00 0.00 o
25 {02 3,906 1.094 m 0.38 991 109 1.
26 |NaCi (] 0.00 0.00 0.00 o
27 {KC1 ) o 0.00 0.00 0.00 o
28 [Total Gas (1b/hr) 330443 100 29204 29 907 10000 100.
29
30 [Volumetric Flow Rates  ( STP 14,7 psia, S9 F)
31 j(acim) 12,319 o
32 j(scfm) 68,746 3729
33
. 34 |Heat (BTUAD)
35 |Cp (BTUNL F) 0240 0240 0.000
3¢ |[HHV (BTUAD)
37 JLHV (BTUANDY)
38 |Sensible Heat above
39 |59 F Btu/lb steam
40 [Latent Heat of
41 |Water Btu/lb steam
42
; 43 {Chemical Hest 13.98
] 44 [(LHAV) MBtu/br
45 |Sensible Heat 1127 [ ¥, /] .00
46 jabove 59 F MBw/hr
47 |Latent Heat 226 019 0.00
48 of Water MBtwhr
49 |TotalHeat(MBtuhr) 115.04 8% 13.598
50
51
52 |C 12.011
53 |H 1
54 |0 16.
565 |N 14.007 !
56|S n ) 3413 |
§7 |CL2 3s. . ;
RN 58 |H20 18.01
RINRE 59 |ZnFe204
6C :ZLnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH 0.00 0
85 Total Sstids
66 [Total Flow (pph) 350,443 29204 3,413
67
68 | Total Flow (pps) 97.3% a 095
69 |Pressure (psia) 294 204 15
70 |Temperature (F) 1400 1300 284
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100 MW Cogen Cycle
General Electric 7111 EA
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3TPRO 3.31 Mich

GCC Sz -
SENERAL. ELECTRI
“uel=Fuel G.T

yite ambient conditicons:

inlet loss=s 4
ivap. i1nlet coo

Lompressor
Zompressor effi

Turbine efficiency reduction %

taximum firing
Tombustor %

inlet airflow %

pressure loss

ael Brown 12-15-199Q 13:24:31

122 MW COGEN CYCLE

C 7111 EA

ESTIMATED G.T. SITE PERFORMANCE

® 122 % rating, XIGV=
14,7 psia,
exhaust loss=

RHI

2
59 F,
12

6a % RH
inch Hz0, inch Hz0
ler to @ %

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

2

reduction @

ciency reduction %

]
temperature excesgs over base load = @
(2 means rnominal value)

F

a

Zombustor inefficiency + heat loss 4 (2 means riominal value) = @
ooling aly inorease % (0 means nomivnal value) = @
rocess air bleed location (8 means rnone) = 1
frocese alr bleed 4 of inlet = 1@.13
# Madel PR TIT TET Mair kWe H.R.LHVY Mex N2+Aw o= co& He
F F kpph BTU/kWh kpph % % % y
‘:E. 7111EA 12.7 2@2@d 999 2306 84385 123986 2416 75.02 13.37 5.66 5.95
Tuel flow = 343 kpph
3. T. auxillary power = 423 kWe.
ESTIMATED G.T. CYCLE
STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph NE&+Ar ey coz Hz0
Imbient air in 59 14,72 2306.29 c8.75 78. &2 Q. 74 Q. a3 1.21
Zompr. inlet S3 14,35 E230&.29 28.75 78. 22 2. 74 R.a3 1. 01
Turbine coolant misc. 177.22
Mroecess air bld €81 184. 42 233.63 28.75 78. 22 2. 74 .23 1.1
Zompr. disch. 68w 184.42 1895. 45 =8.75 78. 22 c2@. 74 . a3 1.@a1
Turbivre inlet Zaza 177.04 2238.33 28.87 74,77 12.78 6.11 6. 34
Turbinme exhaust 339 15.26 2415.55 28. 86 75. e 13.3 5. 66 5. 95
Zompressor= 123512 Turbirne= 189871 Mech. loss= £391 kW
Turbirne coolant= 7.68 % compr in

5T specific power B gen term= 36.6

o T

oy ol

kW per kpph

v —_ B Y=Y
L4 - Lo e /.

- e TR A T -4 1 '_*ll
gt [T~ BT Y R b v @ et ek — 4 i 1Y



3TPRO 3.31 Michael Brown 1@2-15-199@ 13:24:31 Gas Turbine p.c

GAS TURBINE/GENERATOR HEAT BALANCE
"gy in = 288343 BTU/s
inlet air Inlet air Water Steam Fuel
Sensible Latent Inj. Iny. HHV
4218 42635 2 2 2798€&6

Incompl comb  GT Mech. Gearbuox Generator Exhaust Exhaust Electric Prac
& carcass rad Losses Loss l.oss Sensible Latent Output Air
12Z@ 433 Q@ 1z28 168691 6183 73386 1286z

Zero enthalpy: diry gases & liquid water @ 32 F (273.15 K)
Heat Ralance Evivor = In - Out =-74.1 BTU/s =-.02& %

LAl



3STPRO Z.321 Michael Brown 10-15-1992 13:24:37 Steam cycle p.1
IGCC S - 122 MW COGEN CYCLE
SENERAL ELECTRIC 7111 EA
T‘_: & Subtype: & Induction
P T p] m uA a A
psia F ETU/1b kpph BRTU/s-F ETU/s sq. ft
Znd rtrn Q.74 87.57 S55. 58 274,082
3tm rtrn 17.89 250. a2 218. 49 14,625
Takeup 17.89 8@, uo 48, az 11.53Q (Ircludes 1.@9 kpph for desup)
W supl 17.89 93. 36 &1. 35 399. 15@a
-TE 399. 1581 43 ece8 1961
from LTE 17.2 152. 2@ 117.88 3299. 150
-PH &3. 846 a7 7789 36998
~ater bleed 59.73@
1td. FW 17. 2@ 220, o 188.13 239. 422
1PFW 1479.87 221.17 193. €9 &88. 443
41PE1 Z88. 443 1ca 12165 22372
& 1422, 35 343.99 32, 56 Q. 2@
1PEZ =88. 4423 46 5445 19759
7 1295, 539 4@Q3. 49 388. 51 . 222
4PEZ £88. 443 217 14743 22523
a 368. &2 S64. 65 572.59 0. 2@
Blwdn 368. & S84. €S S95. 43 S.656
4PH =28&.787 477 47408 18617%
9 2€68. 22 584. 65 117S5. 66 2. 2R
4PS1 =28e. 787 @2 Q @
2 368. 22 S84.65 1175. 66 2. o2
4. =8e. 787 162 22391 sRac4
11 1315. 60 941. 22 146@. 72 Q. 02
Into HPT 12€S5.20 935. @ 1458. 99 282.787
hef addn 325@.0@ 63@. 4@ 1334, 2@ o8z, 787
HRT addrn 350,20 432. 22 1204.98 =9.731
aft addn 2Z5Q@.0Q S590. 16 13@8. 2 242,517
APT bld. cea.a 538.97 1286. 76 18. 413
Jesuperhtr 1.287
AHPT proc &S50, 2@ 4. 2 1214. 85 19. S0a
+4PT exit 115.0@ 389. 97 1219.63 224, 104
129. 36 Zea. a3 188. 56 S@. 377
S@.377 21 1799 29398
124. 38 343,99 315. 62 @a. aua
124. 38 343.99 315. 62 1. 200@
493,378 13& 12164 S41073
124.38 343.99 1191. 86 2. ez
43,378 4 472 ca7
124. 38 403, 43 1225. 89 2. V2@
43,378 29 13206 13285
1139. 6@ 584.65 1313. 98 Q. 0@@
115, 20 412.07 1232. 64 374.08:
a. 74 21.57 262. 72 274,282



STPRO 3.31 Michael Brown 1@-15-199@ 13:24:37 Steam cycle p.2

STEAM TURBINE

Ta HPT additn 4 1.157
Ta HPT bleed 1 1.1
To HPT exit 3 1.2833 81. €6 19217
Ta LPT exit 13 ?. 867 81.58 295932
3ross power = 48808 kW. Mech/Elect losses = 1352 kW.
Generator ocutput = 46856 kWe. ST auxiliaries = 328 kWe
Joiler feedpumps = 533 kWe
CONDENSER
P T h m

psia F ETU/1b kpph
~PT ex1t 7. 7365 91.57 96c. 7@ 374.08
Taturation Q. 7365 91. 57
Condernsate well . 7365 87.357 55. 58 274. @B
Cooling water 1in 65. 00 226e22.6
Cooling water out 8. 2\ 82628.64
Number =f passes= 1 UA= S5232 BTU/s-F Surface area = 29832 sqg.ft
Tubes: CD = 1 in Length= 328.6 ft rnumber= 2534
Cooling water: Velocity= 9 ft/s DP = 3,82 psia Pumps = 2359 kWe.

STEAM CYCLE HEAT BALANCE
Energy in = 216364+ BTU/s

e e e e o s S ot s e St Somen o S pe e e i S (O S e S o ST S St i S A o S Y e S i S S e S S e e e o S D S ) D P €S e o e e (5 e R 5 = =

GT Exhaust 6T Exhaust Duct Burner Makeup+Proc Pump External

Sernsible Latent Fuel HHV Retiurn Wb Steam
168631 6189 4} 141 451 19993

e o e oo et e i e e S S e e o o e e b St S e S S Yo S e e St e O SRS ok G i S e e St VSt A G, S S S € S e S G S v T S L e g 2 e 5 S S

Heat Bl-ow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
Radiated down Losses Sens. Latent C.W. Steam Injec. Water Output

e e e oo o e A e e e St e i . o e e i ot o e S S . S S s e . S S o G G e S e G R € e e e e = = S — ——— . ——— ——— v — " —

dry gases & liquid water @ 32 F (273.135 K)
Tiitor = In - Sut =-.0 306 OTU/s = 7] A




STPRO Z.31 Michael Brown 10-15-199@ 13:24:37 Steam cycle p.3

HRSG GAS-SIDE PROFILE

' Tg F Tw F DT F Gg/UA DELTA P UA Gg Vg Tube Lngth
HP/IP HP/IP F inch Hz20 BTU/s-F RTU/s ft/s Rows ft
1 394, 9 341.@ 53.9
139.5 1.7 162. 22614. 4 S8. @ 6.5 2.7

10@. 3 3. 4 477.3 4788&Z. 43.9 15. 2 6.3

&ed4. 7 584.6 2. @

3 6Q4.7 S64. 6 43. @

3 e@s4. 7 284.6 2@. 2
£6.9 1.6 24c. 4 16215.95 4. 4 8.6 2.6

511.9 403.95 1a8. 4

£11.9 403, 5 1@8. 4

+ 511.73 403,35 108. 4

4 511.9 43,5 1a8. 4
1z@a. 4 @a.3 49.6 S976. 3 39.8 1.8 @a.7

477. 4 344,10 133. 4

477. 4 344, @ 133. 4

S 477. 4 244.0 133. 4
3. & a.7 131.9 12286.1 37.6 4.4 1.8

,4'216. 2 344.8 ez. @

406. 12 344,12 c.2

) 406.2 344.Q c. @
85.5 a.7 141.4 12083.9 34.6 S.1 2.1

338. & Zel. 2 114.2

335. 2 2. 1 115.1

7 339. & 0. 3 118. 2
2@. & Q. 4 87.4 7866.8 32. 2 3.2 1.3

=88.8 2. @ £8.8

8 £8868.8 1S, 2 138.8
148. 2 . 42. 7 6331.1 30. 4 1.6 Q.7

Duct burner fuel= @ kpph .
3as mole composition: 79 %NE2+Ar  13.4 %02 S.66 %CO& S.99 #H20 .@Q@z %SG

Flue gas dew point = 97 F M. W.= £8.9
1REG TOTALS Econcmisers Evaporators Superheaters TOTAL
O ITU s 2345C8 o730 24169 122387
WA BTU/s-F 447 £327 191 1335
S 673 277282 95196 SE7150

Q sg. ft 194

Prtme surface= 32991 firn surface= 534158 sq.ft. Averaged fin eff.= .727
JREG frontal area = 888 sq.ft. Gas mass flux= 5.93 kpph/sqg. ft

4RE6 length = 19.32 ft, 46.4 tube rows, 134@ ft of tubes per row.

2 1in dia. tubes with serrated fins, staggered arrangement.

Tin thickness/dia.= .83 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5




6E 7111 ER
Water cooling
air to coal ratio .41 air pressure 184 Cp air 0.248
water coal ratio 0.133 air temperature 680 Cp water 1.000
air to water ratio 18.12 water tesperature 80 Cp steam ©.435
1b wt ¥ wmols wmol % partial
pressure
air 18.12 94.77% 8,63 91.99% 169.10
water 1.00 S.23% 0.86 8.1 14 sat temp 213

Temperature of combined streas entering boost compressor

400.04 F sat pressure 247 psia Rel. Hum. 6.83%

Tesperature of stream exiting compressor (85% coap eff)

Tf = Ti + (Ti/n#((PF/Pi)*((k-1)/k}-1))

where

Ti - inlet temperature - 400,04 F - 860.84 R

n - efficiency - B5,08%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant voluse 1,384

Pf - final pressure 358 psia

Pi - initial pressure 184 psia

Tf = S97.65 F




LR (V. S ORI e i T L Z0C AU I B

2~ T % I _o 1 € 1 F I o w 1T 1 1 o T x | t 1 WM | N o

1 |Standsidized IGCC Gasifier Cogen Application Reference Coal -

2 |Mass & Energy Balance GE 7111 EA Plant Full Load Predicted Gasifier Ou

3 _[Stream No. ) 1 3 3 4 $

4 |Identification AR Coal Coal Fines lsm Coal CompAlr@ 2A1 AC Water @ 0.2

5 |From IRinols 86 Sizer@  30%|Combined Streams |Aux Compr &/or Bocster Compr Cooliag Water HIO/

¢ _|To Stzer ___|Briquettin Gaslfiler | Gasifier Gaslfier Coal
7 |G~ Mol Wt ar wi% %ﬁ win | mhr W% | Wi Bmol wi®% mol%

8

® |CO 20010 [ 0.00 0.00 [

10 |H2 2016 0 000 0.00 0

11]CO2 4010 m oot 0.05 0.03

12 |[H20 18015 1488 018 0.64 1 25208

13 |CH4 16042 0 0.00 000 [

14 JC2H6 30068 0 0.00 0.00 0.

16 |H2S 4,076/ [ 0.00 000 ()

16 |COS 0.0 (] 0.00 0.00 0.

17 N2 28013 175296 2168 7503 T

18 JAr 2948 7% o 1R] 0.

19 |HCI 36461 0 0.00 0.00 0.

20 [HCN .026 o 0.00 0.00 0.

21 |NH3 17.03 [ 0.00 0.00 o

22 |CS2 76131 ] 0.00 0.00 ()

23 |SO2 64.0% 0 0.00 0.00 [

24 |NO 30.006 0 0.00 000 ¢

25 |02 31999 54 &3 1n2%8 .

26 |NaCl n497 0 0.00 0.00 )

27 [KC1 74.596 0 0.00 0.00 0.

28 |Total Gas (1W/hr) 233,633 2886 100.00 100, 25208

29

30 |Volumetric Flow Rntnsl (STP 14.7 psia, S9F)

31 |(acfm) 437

32 j(scfm) 1,121

a3

34 |Heat (BTUND) 1332

35 |Cp (BTUNLF) a2s1

36 |[HHV (BTUNDb) 10,776 10,776 10,776 0

37 |LHV (BTUADY) 102% 102% 10260 0

38 |Sensible Heat above g

38 |59 F Btw/b steam 0 ] ° 133 i

40 |Latent Heat of

41 |Water Bt/1b steam 7 :

42 K

43 |Chemical Heat 992.61 91.78 1034.51 0.00

44 |(LHV) MBtu/br

45 |Sensible Heat 0.00 0.00 0.00 31.58

46 jabove 59 F MBt/hr

47 |Latent Heat 208 15 1.08 1%

48 |of Water MBtuhr

49 |TotalHeat(MBtuwhr) 1044.67 313.40 1086.56 .12 33.97

50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia &

5 1

52|C 12011 8273 .11N] 17482 011N 61282 €0.78% 0

$3 |H 1.008 4043 e 1213 417% 4043 401% 165 2,801

54 |0 16.000 13% 151% 2202 1.51% 13% 1.28%) 55,085 22,405

$5 N 14.007 1,144 1.18%) 43 LIe% 1,144 1.13% 175286 25205 [Towl

568 32060 2% 2589 88 288% 2% 271% 230,566 [ Toral

57 |CL2 35500, (] 0.00% 0 000% 0 0.00% i

58 |H20 18016 1360  1410% 4101 1410% 13,66 13.56%

59 |ZnFe204

60 |ZnS

61 |FeS

6 2 |[Fe203

63 |ZnO

64 JASH 9,694 1000%] 2908 1000% 10,563 10.48%]

65 |Total Solids 96944  10001%] 29083 10001% 100831  10G.00%

66 |Total Flow (pph) 96944 * 29083 __ 100831 233,633 25205

67

$8 | Total Flow (pps) 26.93 808 201 64.90 100

69 |Pressure (psia) 147 147 147 350 °* 350

70 [Tempersture (F) % 2 » 98 * %8 *




o [ a | ®r [ 8 I 7 T o0 1 v T w X v 3 AA A8 | _AC_[AD]
Illinois #6 J-1538 DE-AC21-89MC26291 1
Jutput 10/16/90 Revision 7 2
¢ Uncombd 7 [} ] 10 $5 acinb of coal 3

326 Ash Carbon|Fines (Char) Tar Dust(per RT1 dis) |Miscellancous Hot Gas with Tars 4
120/ | Gusifier 249% |Gasifier @ 4. 0% |Gasifler @ 6.00%|Fieal Cycione Gaslifier Heat Gasifier N2incoal §
Toal |Ash Silo Briquettin HGCU Reclalm Losses HGCU to NH3 Counv 90.1%] ¢
. wi% 'r'iW T wi% | I1oar wi% | Bhr wi% Whr  IWmol  wi% mol%| 7

8

90,473 ¢» 2626 nwl 9
4070 09 118 1426 10 |

40,487 28 1178 esof 11

17,%0 124 s.11 690| 12

192 0.1 215 326] 13

1466 010 043 o] 14

2,543 0.18 074 a9l 1S
s 005 on uos"Tc—

175,99 1.9 091 4eu| 17

3,068 on 0.89 o] 18

0 0.00 0.00 o.oof 19

119 0.01 0.03 003 20

L176 0.08 0.34 04| 21

0 000 000 000 22

0 000 000 ooo| 23

0 0.00 0.00 0.00| 24

0 0.00 0.00 a0o| 25

0 000 000 0.00] 26

0 0.00 0.00 0.00{ 27

344 532 24.34 10000 100.00{ 28

. 29
| 344,532 30
15,447 31
i 99,400 32
[ 33
’ 34
0260 0260 026 0260 ox9 35

0 10936 17,329 0 25888 36

0 10936 16,571 0 2,3750 37

38

154 276 276 m 49 39

40

0 0 149 0 214 41

42

n Qal 9639 000 81825 43

44

173 107 1.60 0.16 60.7 Water/steam 120.13 45

jacket 46

0.00 0.00 436 000 14.1 Travarsing 73.69] Gas HHV= 19 Bavsct | 47

Stirrer Estimatod= SUBwh | 48

24.46 4348 10238 0.16 74.8 Total 101207 Calculated= SBuwd | 49
&&11 tph (typical) Coal each: 40 |Unit Output (MWn) 1208 MWn BukGe 397% 120 | 50 ]
Cale Comb Temp (F) 2043 s1
1,568 xwzf 3009  77.60% 5,119  83.00% 46,736 367 0.00% | 52 |

0  0.00% 465 8.00%] 8527 85771  000%; 3

0  0.00% 116  200% 96979 0.00% 54

0  000% 8 1.00%) 176430 1764; 0.00% [
0 0.000 0  000% S8 1.00% 2792 2793] 002% | 56 |

0  000% Sub-Totals 341,463 341464]  0.00%) 57
0  000% Sum of umofGas | Mass | S8 |
440 90 |Streams Constituents [Unbalsnce __:‘2-
10 2 batance check

29 6 FERC Cycle Efficiency(g)= 45.14% [ 61 ¢

0 0 FERC Cycle Pfficiancy(n)= 41.72% 62

10 2 63

9,04 86.08] 8B  2240% 0 o] 64

11262 100 3678 100.00% 5817 100.00% 49 100 [
11262 Isn 5817 439 344,532 :-_7‘

7

313 108 162 0.14 95.70 68

i 350 ¢ 30 ° 2% 2% 69

6% 1120 1120 1300 1120 70




AE__ AF_ A AH Al AJ AK AL M AN ] M T AP | a0

1 |Standardized IGCC Gasifier Cogen Application Reference Coal - |

2 |Mass & Energy Balance GE 7111 EA _Plant ____Predicted Gasifier O
S |Stream No. 11 12 13

4 |Identification Alr Bleed Alr Bleed Alr

6 |From Atmosphere Compressor for
| & To Gas Turbine Comprassor Booster Compressor Cooler | Coolant |

7 8 ol Wit IWVar mol wt% mol % Y mol wt%h mol% Whe /b

8

9 |CO 2010 0 0.00 000 0.00 (] 0.00 000 000 0

10 JH2 zmel 0 0.00 0.00 nool 0 0.00 000 000 0

11]CO2 4010 1092 0.0t 003 009 m 0.0t 00s 003 (1 e

12 [H20 18015 14,663 o18 0.64 1.0 1,488 [ §1] 064 102 1,127 12081

13 |CH4 1600 (] 0.00 000 0.00 0 0.00 000 000 0 0.00 0.00
14 |C2H6 006 [ 0.00 0.00 0.00 [} Q.00 000 000 ] 0.00 0.00
15 |H2S U076 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
16 |COS @070 [} 0.00 000 0.00 (] Q.00 000 000 [} 0.00 000
17 |N2 2013| 17307316 21.68 75.03 7128 175286 2168 TSG3 T8 1 1,422,064 21.65 7508
18 |Ar 9948 30,293 03 131 a9s 3,069 o 131 095 bk -] 24,996 038 k)1
19 [HCI 36461 (] 0.00 0.00 0.00 0 .00 000 000 0 0.00 0.00
20 |[HCN 71026 0 0.00 0.00 0.00 0 0.00 Qo 000 0 0.00 0.00
21 |[NH) 11030 0 0.00 0.00 0.00 (] 0.00 000 000 [} 0.00 0.00
22 |CS2 761 0 0.00 0.00 .00 (] 0.00 000 000 0 0.00 .00
23 |SO2 “OW 0 0.00 000 0.00 [\] 0.00 000 000 0 0.00 0.00
24 |[NO 30,006 0 0.00 0.00 0.00 (] 0.00 000 000 0 0.00 000
25 |02 3199%| 9529940 683 2% 2072 5,684 €6 19 2072 wml a5 (1) 2290
26 |[NaCl 84y [} 0.00 0.00 0.00 (] 0.00 000 000 0 0.00 0.00
27 |[KC1 74.996 (] 0.0 000 0.00| (] 0.00 000 000 0 .00 000
28 [Total Gas (1b/hr) 2,906 304 28.86 100.00 100, 233,633 100.00 1708 ] 1893441 2006  100.00
29

30 | Volumetric Flow Rates (ISTP 14.7 psia, S9F)

31 |[(acfm) 904,631 8979 72,843

2 J(scfm) 504,631 51,121 390356] 414732

33
‘ﬁ'{mamnmammn)

35 |Cp (BTUALF) 0240 0.254 02%4

36 |[HHV (BTUAY) 00 00 00

37 LAV (BTUAY) 00 00 00

38 |Sensible Heat

39 |above 59 F Btw/ib (] 158 158

40 |Latent Heat

41 |of Water Btulbd 7 7 7

42

43 |Chemical Heat 0.00 0.00 0.00

44 |(LHV) MBtu/br

45 |Sensible Heat 0.00 3685 29893

46 |above 59 F MBtu/hr ]
47 |Latent Heat 15.23 154 1293 i
48 |of Water MBtwhr i
49 |TotalHeat(MBtu/hr) 1525 % 31146 !
50 ParssiticLoad 1048 M
651

52 |C 12011 ) P 1S us
53 |H 1.008 168 125 139 13%
54 |0 16.000 55,088 41, M6,971 446,997
65 I[N 14007 175,286 1 1422064 1422064
[ 66 S 12.060 0 0 0 0
57 |CL2 35.500 230 ] . 174,900] sb-sotals | 1 s 1

658 |H20 18016 balence check
59 |ZnFe204

60 |ZnS

61 |FeS

62 |Fe203

63 |ZnO

64 |ASH

65 |Total Solids

% & {Toiai Fiow (ppi) 3,306,304 ook LR

67

€8 [Total Flow (pps) €40.64 * 64.90 . w2 s

69 |Pressure (psia) 47 1% 1.

70 [Tempersture (F) 39 * 681 * a1
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AR AS AY A_] AV 1 aw ] A | Az | BA 88 BC 80 BE &% | &
jal- Illinois #6 J-1538 DE-AC21-89MC26291 1
isifier Output Revision 7 _ 10/16/90] 2

18 ¢ 17 ~3 |
wor Discharge Fusl % H2S niet Gas ThrmiNG (ppw.d) 25  |Exhawst Gus 4
wor HGCU Removed |GT Combustor *Rich/Lean ReL.F  85% [Geas Turbine [
or | GT Combustor 99.0%|GT nder _ | €]

wi% mol® | WA r W% mol% o Bimol mols Wi® mol% | War molhr % mol% 7

s

0 000 00| 9047 32% 2638 nu 0 0.00 000 a0 o ° 000 000 000 9

0 0.00 0.00 4020 1994 117 14.10 0 000 000 amMm Q (] 0.00 000 0. 10

n 00s aos| 0w 920 11.80 6s1| 208,384 270 0001 931 1)) eses  um2 16 sa| 11

» a6t 1| e 1,078 365 760 W 115 000 g 63 89913 9103 w2 soo{ 12

» 000 aco| 73 461 216 326 o 000 000 a0 o 0 000 000 0.00{ 13

» 000 00| 1466 o 04 oM o 000 000 000 a 0 0.00 000 0.00{ 14

» ao 000 25 1 a0l oot o 000 000 200 o 0.00 0.00 0.00f 18

» 000 0.00 ) 0 000 000 o 0.00 0.00 000 [ ° 0.00 000 0.00{ 16

B 10 18| 17539 6261 114 wun| 198200 206  00SS 710 Bed 1L7IM6 6100153 ne 24.10{ 17

» n ass| e n o® as| 27968 036 0.00 125 asi] w3 1R 123 os| 18
0 000 0.00 (/] (/] 0.00 0.00 0 000 000 0.00 [ { (4] 0.00 000 0.
o 000 0.00| 19 4 00 003 o 000 000 Q.00 [ 0.00 000 0.
% 00 aoo] 117 ® oM 0e o 0.00 000 000 a ° a0 000 'Y
[ ] 000 0.00) (1] 0 0.00 0.00 /] 000 000 000 -1 0 0.00 000 0.

[ ] 000 0.00 0 ° 0.00 0.00 %6 00007  0.0000 00028 00011 5% (Y 000 0.00{

1) 000 0.00 o ° ac 000 46 00059 00000 00204 00197 %6 1519 oo 0.

nn 2072 o o a0 000] 314516 407 00044 s 1 59 1110196 147 1. 28

0o 0 ] 0.00 0.00 0 000 000 Q.00 [ (] 0.00 000 0. 26

Do (/] ] 0.00 0.00 0 000 000 0.00 (] 000 000 0. 27

» | _saem  uu1 100,00 10000] 2238439 2897 003 10000 3 2415661 $3405.30 10000 100.00{ 28

2238442 bal & 2415670 balck 29

30

; 16012 193,91 1438278 3

; 9,281 487,816 526,93 32

- 33

é 34

! aIM 0218 aas? 35

2,5489 00 0.0 36

2,3%0 00 ° 37

38

378 46 21 39

40

219 « » a1

[F}

799.20 000 000 o

“

128.46 122206 €01.31 45

46

75.06 9234 M5 47

48

1002.71 1314.40 1314.17 bal chk 700.82 49

1048 MW I Combustion Turbine Qutput 84.385 MW, MM% 50

51

36,587 3682 ] 0.00%] 36835 3685 'Y (52 |

9,865 o863  0.00% 9990 0.00% 53

uS2S1T S, 0.00%) SSIpes K104 0.00% 54

v 1598093 196493  0.00% 11A® 17314 0.00% 55

2 28|  0.10% 2 2 0.00% 56

9, 10,473 104771 0.00%]sub-sotal 8 ] 0,00%{sub-sotal 57

balance check baleace check 58

59

60

61

62

63

64

65

241 008 2238439 7.1‘&“’ i

rel

9528 QL ;2 7]

259 177 * 15.13 69

1180 210 ° o9 * 70
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3 A I T BN_] 8 | o | 8 ] BA
{ 1 Stanclnrdlzed IGCC Gaslﬁer Cogen Application Reference Coal - Illinois #6
! 2 |Mass & Energy Balance GE 7111 EA Predicted Gaslﬁer Output
. 3 |Stream No. 18 19 ThrmiNO (ppmvd) 20
4 |identification Fuel for Supplementary Firing Fiee Ges SCRRedF oos Superheated Steam
i 5 |From Gasifler HRSG RLRdF 85% HRSG
i $_[To HRSG _ _ Stack NOxReburaF 0% | Steam Turbine
' 7 |Gas Mo Wil W Wimol  wi%  mol% | b/r mowhr wi% mol% Y, 2
0
] ° %» 2626 n ° 0.00 0.00 0.00
10 ° (Y] 118 142 (] 000 0.00 0.00
11 [ 286 1178 [ 208468 41682 86 s
12 ° 14 sn & 9913 M9L0Y %] 598
13 ° on 218 0 0.00 000 000
14 0 a0 043 (Y ()} 0.00 0.00 0.00
16 o ol a7 0.93 [ 0.00 a00 0.00
1C 0 008 o o 0 0.00 o 0.00
17 [ °n» 5091 1,731,246 6100193 ne 7411
18 ° o 0% 034 0293 %% 125 091
10 0 0.00 0.00 o o 0.00 0.00 0.00
20 [ ao1 003 0.03 0 0.00 0.00 0.00
21 o aos (1Y) o ° 0.00 0.00 0.00
22 () 0.00 000 o ° 0.00 0.00 0.00{Stack Benissions (byMBu)
23 ° 0.00 0.00 o % 087 0.00 0.00{0.053
24 ° 0.00 000 (Y 9 304 000 0.00[0.09
26 ° 0.00 0.00 o 395239 1110156 un 1331
26 () 0.00 0.00 (Y () 0.00 0.00 0.00
27 0 0.00 0.00 [\ ° 0.00 0.00 0.00
28 ) 2434 30000 100, 2415303 83393.15 10000 100.00
29 ) 2415,305 bal chk
30 | Volumetric Flow Rates (STP 14.7 pd..sm
31 [(acfm) 71299
32 |(scfm) o 26,518 _
33
34 |Heat (BTUM) 1499. q
‘ 35 |Cp (BTUAGF) 034 ous
36 |HHV (BTUAb) 23489 00
37 JLHV (BTUAY) 23%0.0 0
38 |Sensible Heat above
30 |59 F Btu/lb steam 0 o
40 |Latent Heat of
4 1 |Water Btutb steam 0 »
42
43 |Chemical Heat 0.00 000
44 |(ILHV) MBw/br
45 |Sensible Heat 0.00 1481
46 |above 59 F MBtu/hr
47 |Latent Heat 0.00 951
48 |of Water MBtw/hr
! 20 | TotalHeat(MBtw/hr) 000 20832 a272]
50 HRSG Turbine Q’
51
52[C 12011 0 $6855 56855 0.00%
53 |H L 0 999 9 6.00%}
54 |0 16 0 Se6ES1 586891 0.00%)
§5 N 14.007 0 171289 173128 0.00%
56 S ] 0 2 2 0.00%
57 |CL2 3s. 0]sub-totat 2385013 2,385,013 0.00%] sub-tqes!
A 58 [H20 1801
L §9 |ZnFe204
‘ ' 60 |ZnS
61 |FeS
62 |[Fe2083
63 |ZnO
64 |ASH
$5 |Total Solids
A 6§ |Total Flow (nph) 0 2413667 282,70 [l
A 4 o7
68 [Total Flow (ppe) 0 snm s
69 |Pressure (psia) 2% 147
70 |Temperature (F) 1180 3 * 93
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Standardized IGCC Gasifier Cogen Application Reference Coal - Illinols #6
Mass & Energy Balance GE 7111 EA Predicted Gasifier Output

n s

onc 502 Bleed Elemental Selflur Elemental Sulfur
Regea Loop Resox Process DSRP

___swp _ Marketable uct | Marketabls B
wi% | Br  l/mol molr wi%  mol® r % | Bhr

aoo Q00 0.00 L
Q000 0.00 0.00 Q.00
002 027 0.05 004
a20 .12 o.Q L
Qo0 Q.00 0.00 Q
000 000 0.00 Q
0.00 Q00 0.00 0.00
Q.00 Q00 0.00 Q.00
Mnio 184 LRy %.0
Q.00 0.00 0.00 Q.00
000 0.00 0.00 0.
a00 000 0.00 000
.00 Q.00 0.00 Q.00
000 000 0.00 Q
192 8626 n.n 11.4
000 0.00 0.00 0.00}
a3s 2 1.09 L09
000 0.00 0.00 0.
000 0.00 0.00 0.00
19 733 $00.00 300.00/

oleivNjen bl |-

o
<]
ooaeiﬁoo

7487
0.00

_;.

1.09]

§°°§°E°OOO°

28 [Total Gas (lo/hr) 280,686 300.00

30 |VolumetricFlow Rates  (STP 14.7 psia, S9 F)
31 |(ncfm) 9972 786
32 |(scfm) §5,63%0 4,637

34 |Heat (BTUAD)
. 35 |Cp (BTUALF) 0240 0.240 0.000 e
3¢ [HHV (BTUMD)
37 |LHV (BTUAb)
38 |Sensible Heat above
39 |59 F Btu/1b steam
40 |Latent Heat of
41 |Water Btu/lb steam

43 |Chemical Heat 11.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 91L.30 704 0.00
46 |above 59 F MBtw/hr
47 |Latent Heat 183 0.15 0.00
48 lof Water MBtu/hr
49 |TotalHeat{MBtu'hr) 91.13 119 1100

12011

C
H
54 |]O 16.
N 14.007
56 (S n 2763 2

. 58 |H20 13:01
RN 59 |ZnFe204

64 |ASH 0.00 (]

‘ 66 [Total Flow (pph) 203,686 23,640 2763 -
8 [Tota: Fiow (ppe) 7800 657

§
i
¥
4
¥ca
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100 MW Cogen Cycle
Asea Brown Boveri GT 11N
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CTPRO 3. 31 Michael Brown 12-15-19%02 132:33:37
3CC 82 - 1@ MW COGEN CYCLE
5ER BROWN BOVERI GT 11 N

‘ ESTIMATED G.T. SITE PERFORMANCE

nel=Fuel G.T. ® 122 % rating, XIGV= @

ite ambient conditicns: 14.7 psia, g9 F, &ed % RH
nlet loss= 4 inch HE0, exhaust loss= 1@ inch HEO0
wvap. inlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

sampressor inlet airflow % reduction = @

lompressor efficiency reduction % = @

‘urbire efficiency reducticon % = @

daximum firing temperature excess over base load = @ F
‘ombustor % pressuwre loss (@ means rnominal value) = @

combustor inefficiency + heat loss % (@ means rnominal value) = @
tooling a&ir iviorease % (@ means nominal value) = 2

rocess air bleed location (B means none) = 1

rocess alr bleed % of inlet = 9.5

H# Model PR TIT TET Mair kWe H.R.LHV Mex N&+Ar oz cos Hz0
F F kpph BTU/kWh kpph % % % y
_WB GT 1IN 12.7 1975 973 2442 81135 113299 2552 75.2@2 13.78 S5.35 S5.67
“uel flow = Z42 kpph
3.T. auxillary power = 408 kWe.
ESTIMATED G.T. CYCLE
STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %

F psia kpph =+Ar =y cCoz Hz0
Ambient air in a9 14,72 2441.795 2e.75 78. 22 Q.74 . a3 1.01
Zompr. inlet 39 14.35 2441.75 =8.73 78. 22 2. 74 2. 23 1. @1
Turbine coolant misc. 213.65
Mrocess air bld &£93 184, 33 231.97 =8.75 78. 28 2. 74 .23 1.1
Zompr. disch. 633 184.33 1996. 14 28.75 78. 22 ER. 74 a. a3 1.01
Turbine inlet 19735 173.73 2338.3 =8. 86 74,32 13. 14 5. 84 &. 12
furbine exhaust 373 15. 86 2551.34 8. 85 75. 22 13.78 5. 35 S.67
TomiprEssocs= 111077 Twicbive= 1243310 Mech., loss= GE4 kW

Turbine coolant= 8.735 % compr in
3T specific power @ gen term= 33.2 kW per kpph
ST efficiency @ gen term= 27.54 % HHV = 29.93 % LHV



iTPRO 3.31 Michael Brown 12-15-199@ 13:33:37

GAS TURBINE/GENERATOR HEAT EALANCE
-‘gy in = 2882355 BTU/s
inlet air Inlet air Water Steam Fuel
Sensible Latent Ing. Ing. HHV
4466 4516 @ @ 279274

Incompl comb  GT Mech. Gearbox Gernerator Exhaust Exhaust Electric
& carcass rad Luosses Loss Loss Sernsible Latent Output
12z 4= @ 1181 172966 26395 7E923

Zero enthalpy: dry gases & ligquid water @ 32 F (273.15 K)
ijeat EBalavnce Ermror = In - OQut =-1660 BTU/s =-.8576 *%

Gas Turbine p.&



3TPRO 2.31 Michael Brown 1@0-15-1939@0 13:33:44 Steam cycle p.1l
LBCC 52 — 1o MW COGEN CYCLE
J1SEA BROWN EBOVERI GT 11 N

’..: & Subtype: & Inductionm

P T h m uA a A
psia F ETU/1b kpph BTU/s—F BTU/s sq. ft
Ind rtrn Q.74 87.357 55.58 38g. 397
3tm rtren 17.7¢ 250, 2@ 218. 49 14, 420
Nakeup 17.7& aa. g 48. 22 8.212 (Ircludes 1.2& kpph for desup)
FW supl 17.72 93. 26 €£1.25 423. 351
-TE 4@3. 951 44 6355 2@205
from LTE 17.2@ 15@. 22 117.88 41B3. 951
-PE 29. 395 91 7883 38977
~water bleed 59. 580
1td. FW 17. 2@ 2z@. 22 188.13 344.371
4PFW 1423.77 221.13 193. 48 =81. 848
APE1L =£81.848 126 3819 S623R
& 138&. 3@ 34E2.54 318.89 2. a0
{PEZ £81.848 41 5113 17763
7 1362.17 399. 84 384, 20 @. 200
HPE3 =81.848 =7 14477 88712
a8 13242. 04 S6. 28 S69. 12 a. 200
Blwdn 1342. 04 sSaz. 8 S91. 31 2. 791
4PE 279. 057 493 4714@ 19347@
3 1342. 24 582. 28 1177.23 Q. 22a
4PS1 279. @37 @ @ @
al 1342. 104 S8z. 28 1177. 23 2. 22Q@
:—!‘ 279. @57 206 Z2RES 1@az422
11 1322, 95 941,01 1461. 14 Q. 22a
Into HPT 1265. 122 935. o0& 1458. 99 279. 157
hef addn 35Q.0Q2 630. 4@ 133a. =0 =279. 857
HPT addn 350.0212 32. 10 1204. 38 S59. 58
aft addn 35@.0200 589. 71 13@28. 16 338.637
HPRT bld. &57. 90 S3E. 34 1285. 74 18. 144
Desuperhtr 1. @56
HPT proc 2S0.020@ 410, D@ 1214.85 19. z0@
HPT exit 115.00 389. 65 1219. 45 32@. 493
IPFW 125. 66 2. 09 188. 55 &2. S24
IPE 2. 524 =@ 1884 26
1 122. 22 3. 5S4 &293. 59 @. a2
Blwdn 12&. a2 342.54 314. 112 n.6193
IPE 61.390@S 173 15444 71368
2 122. 2 342. 34 1191. 5 @. 222
IPS1 61. 325 4 Sel 2374
> laz. @ 339. 84 l224. 17 2. D@0
IPSBE 61. 305 @ les 15876
4 118. 45 S8z. 128 1318.77 2. 222

Ints LRT 11S5.022 417.45 1235. 24 3
LWAxit .74 91.57 964. 72 38g. 397

e e e e o2 e e o 2 e o e S S S S0 e S S i Y S S . S e v b4 et e s s+ S o S S e SO S S S S S G RO A R S St S T e S R S o e s e e S e S S S S = =
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3TPRO 3.31 Michael Brown 10-15-199@ 13:33:44 Steam cycle p.&

STEAM TUREINE

No. of steps Exit Guality Efficiency (%) Work (kW)
To HPT additrn 4 1.157
' HPT bleed 1 1.121
3 1.233 81.66 18384
3 2. 869 81.47 Iaz9e

Jross power = 49276 W, Mech/Elect losses = 1478 kW.
Jenerator output 47798 kWe. ST auxiliaries = 335 kWe
Aciler feedpumps Saz kWe

CONDENSER
p T h M
psia F BTU/1b kpph
LPT exit D. 7365 91.37 964. 72 3B8&2. 42
satuwration Rh.736%5 91. 57
Condensate well . 7365 87.37 55.58 382. 4
Cooling water in €£5. o 23177. 26
Cooling water out 8@. a2 =23177. 26
Number of passes= 1 UA= 536l BTU/s-F Surface area = 26219 sq.ft
Tubes: OD = 1 in Length= 38.6 ft number= 2596
Conling water: Veloecity= 9 ft/s DP = 9.8 psia Pumps = 261 kWe.
STEAM CYCLE HEAT BALANCE
Energy in = 220712 BTU/s
GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sersible Latent Fuel HHV Ret urn Wiork Steam
172966 26395 @ 383 426 19942
Erergy cut = 220713 RTU/s
rleat Dlow Mech/Elec Stack Stack Condnsr Pracess oT Froc. Electric

Radiated down Losses Sers. Latent C.W. Steam Injec. Water Output

s e e o Sette S Shore noe 4 Saaas Sormt Sabes o St Smred Sl Seees mean AN Yok SN Ve Wk S Pomte S e S ot vt St e SARAD UGS St Soens Bk 80404 Sl Crkan $0008 et g Seemt Sodas Ghems SoAt A ) St et et e ot gt et b SOy S S SeeSt Foved SoowS e S S e o Tt P 4 Sy T — . oo o

2336 13 1421 28598 26399 96571 6479 @ 3114 43537

o e oot o o4 iat Lo ol Py Seird Seas S $0004 Shiet e Seadt G4t S 4 Cvas A4 S oMt 004D S S MRS e (e S Sae St SAdm MRS S SeR ek SHMRA AL 4 NG SortS leses (e s R St AN ekt Gk fe0st AL Aeds A PSS bt b S PSS SABAA et A ot S S e Shemd S o e e ot PO Sy Svekn Sarpt Smaae vane otee g

Zams enthalpy: diry gases & liguid water @ 32 F (273.15 K)
' Balarce Error = In - OQut =-.875 RTU/s = @& %



3TPRO 3.21 Michael Brown 12-15-199@ 13:33:44 Steam cycle p.3

HRSG GAS-SIDE PROFILE

. Tg F Tw F DT F Gg/UA DELTA P uA Qg Vg Tube Lngth
HP/1IP HP/IP F inch H20 RTU/s-F BTU/s ft/s Rows ft

1 269. 5 941. 12 28. 35
128. 2 Z. @ 2@5.9 ZE243.0 S56. €6 7.8 3.3

854.5 S82. 1 272 4

& 854.5 o82. 1 272 &4
896.7 3. 2 492.6 47611.8 49. 1@ 14.8 6.2

ez, 1 a82. 1 2. @

3 &Rz. 1 Se2. 1 42.12

3 eva. 1 58&. 1 . @
8.3 1.5 237.4 16265. 2 4. Q 8.2 3.3

4 S13. 399.8 114. 2
126.5 2.3 45. 3 S5731. &2 39.5 1.5 2.6

482.5 342.5 139.73

482.5 34&.5 139.9

S 48e2.5 342.5 139.9
9@. 3 2.8 172.8 15598.5 37.1 5.9 2.3

, 396. 3 342.5 S54.12

3396.5 342.3 S4. 10

=) 396.5 S22. S 74,12
82. 8 2.7 146.1 1175%.5 34. @ S. 2 2.1

331. 2 =21.1 112.1

331.¢2 o2, 1 111.1

7 331.E 2. 0 111. 2
87.@a 2. 4 91.5 7961.5 31.7 3.2 1.2

c86.7 =20, B &6.7

8 =86.7 152. 2 136.7
146.8 a. o 43.7 6418. 3 3@. 12 1.5 2.6

Duct burner fuel= 2 kpph
Gas mole compasiticon: 75.2 %NS+Ar 13.8 402 S.35 %CO: 3,67 #“H20 .00z %A50&

Flue gas dew point = 86 F M. W.= 28.3
HRSG TOTALS Ecoromisers Evaporators Superheaters TOTAL
@ ERTU/s 37588 72467 24211 132266
URA BTU/s-F 438 757 241 1435
Q sq. ft 132@37 303815 120651 (=% N=%1" B
PyIme surface= 35862 fin suwrface= S58RE43 sq.ft. Averapged finm eff.= .729

HRSG frontal area = 863 sq.ft. Gas mass flux= 5.87 kpph/sq.ft
HRSGE length = 19.7 ft, 47.2 tube rows, 2872 ft of tubes per row.

] . < E] £ e -4 &
& inn dia. tubes with serrated fins, staggered arvrangement.

Fin thickress/dia.= .®03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



RBB 67 1IN
Water cooling
air to coal ratio 2.41 air pressure 184 Cp air  0.248
water coal ratio 9.139 air temperature 693 Cp water 1.000
air to water ratio 17.34 water temsperature 80 Cp steam 8.455
1b wt X wmols wmol ¥ partial
piessure
air 17.34 94,55% 0.68 91.57% 168.48
water 1,80 5.45% 8.06 B.43% 15,52 sat temp 214.6

Temperature of combined stream entering boost compressor

408.19 F sat pressure 247 psia Rel. Hum. 6.28%

Temperature of stream exiting compressor (85% comp eff)

Tf = Ti + (Ti/m#{(PF/Pi)~ ((k-1)/k)-1})

where
. Ti - inlet temperature - 400,19 F - 860.19 R
n - efficiency - 85, 00%
k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384
Pf - final pressure 350 psia
Pi - initial pressure 184 psia

Tf = 597.84 F
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1 |Standardized IGCC Gasifier Cogen Application Reference Coal - :
2 |Mass & Energy Balance ABB GT 11N Plant Full Load Predicted Gasifier Oui

. 3 |Stream No. 1 2 3 4 5
4 |Identification AR Coal Coal Fines Sived Coal CompAlr@ 241 AC Watsr @ 0.26
| 6_|From Tilinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr CoolingWater  H20\
¢ _|To Stzer ] Brsueuhg Gasifler Gasifier - Gasifier Coal
7 |Gss Mol Wt To/hr wi% | fo/hr wi% | Ib/hr  wt% | W/hr [b/mol wi% moi% To/nr
8
9 |co 2010 0 0.00 0.00
10 |H2 2016 0 0.00 0.00
11]CO2 44,010 110 001 0.0%
12 |[H20 18015 1402 018 0.64 23,144
13 |CH4 16042 o 0.00 0.00
14 |C2Hé 30,068 0 0.00 0.00
15 |H2S 34,076 0 0.00 0.00
16 |COS 60.070 0 0.00 0.00
17 N2 28013 174257 2165 7503
18 |Ar 39.948 3061 038 1.3
19 |HCI 36461 0 0.00 0.00
20 [HCN 21.026 0 0.00 0.00 0.00}
21 |NH3 17.0%0 0 0.00 0.00 0.00
22|CS2 76131 0 0.00 0.00 0.00
23 |SO2 64.09 0 0.00 0.00 0.00"
24 |INO 30.006 0 0.00 0.00 0.00"
26 |02 31.999 $3553 663 1298 2072
26 [NaCl S8.497 (] 0.00 0.00 0.00}
27 |KC1 74.596 0 0.00 0.00 0.004
28 |Total Gas (1b/hr) 233064 28.86  100.00  100.00; 25,144
29
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 {(acfm) 4366
; 32 |(scfm) 20,996
33 )
‘ 34 |Heat (BTUND) 1332
356 |Cp (BTUNb F) 0251
36 (HHV (BTUAb) 10,776 10,776 10,776 ]
37 JLHV (BTUANYL) 102% 10239 10,260 0
38 |Sensible Heat above
39 |59 F Btu/lb steam 0 0 0 135
40 |Latent Heat of
41 |Water Blu/lb steam 7
42
43 |Chemical Heat 950.19 297.06 1031.98 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 0.00 0.00 1.9
46 |above 59 F MBtu/hr
47 |Latent Heat 51.93 1558 51.93 154
48 jof Water MBtuhr
49 |TotalHeat(MBtuwhr) 1042.11 312.63 1083.90 33.04 33.49
50 Number of Gasifiers for 835% Plant Availability @90% Gasifier Availability, 350 psia
51 :
52 |C 12011 58,131 Q1% 174%® 601l 61,132 60.78% 30
53 |H 1.008) 4033 417T%] 1210  417% 403 4.01%; 163 2,94
54 |0 16,000 7321 751%| 2196  1.51% 732 7.28% 54951 22,350
55 |N 14.007 1141 1.18% M2 L18% 1141 L1I% 174,857 25,144 [ Total
56 ]S 32,060 2,785 2.88% 836  288% 2,788 271% 230,003 [Total
57 |CL2 35.500 0 0.00%; 0 000% 0 0.00% .
_ 58 |H20 18016 13,636 14.10%] 4091  1410%] 13,636 13.56%
IRRERLT 59 |ZnFe204
..Jc.’ﬁ}i §0 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH 9,671 1000%| 290 1000%| 10,537 10.48%
65 |Total Solids 96707 10001%] 29012 10001% 100,585 100.00%
. 66 |Total Flow (pph) 96,707 ¢ 29012 100,585 233064 25,144
67
68 |Total Fiow (pps) 26.86 806 21.94 64.74 698
| 69 |Pressure (psia) 147 147 14.7 350 * 350 *
0 {Temperature (F) 9 9 39 %98 * 598 *
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A| . Illinois #6 J-1538 DE-AC21-89MC26291 1
fier Qutput 10/16/90 Revision 7 2

6 Uncomb 7 [ ) 10 $S sctib of coal 3
0.26 Ash Carbon]Fines (Char) Tar Dust(per RTI dia) |Miscellaneous Hot Gas with Tars 4
‘of  H20/ | Gasifier 269% |[Gasifier @ 4.00%(Gusifier @ 6.00% |Final Cyclone Gasifier Heat Gssifier N2 in conl H
Coal_|Ash Silo Briquetting _luGcu Reclaim Losses HGCU__to NH3 Conv 90.1%[ 6
1Iv/hr wt % Iv/hr wt% Ib/hr wt % 1b/hr wt% Ib/hr  I%/mol wt% mol%| 7
8
90252 6% 2626 nml 9
4,060 0.29 118 1426[ 10
40,388 286 1175 esol 11
2144 17,347 1.24 s1 690| 12
’ 7314 0.2 218 326 13
1462 0.10 043 o] 14
2537 0.18 074 os3f 1§
746 0.0§ on 0.09[ 16
174970 2% %09 4l 17
3,061 o 0%  os4 18
0 0.00 000  ooo] 19
119 001 003 am@‘
1173 0.08 0.34 049 21
0 0.00 000  000{ 22
0 0.00 000  000f 23
0 0.00 000 000 24
o 000 000 nwl?
0 0.00 000  000| 26
0 0.00 000 000 27
144 343,600 24.34 10000 10000[ 28
29
343,690 30
15,409 31
89,181 32
33
Ei7) 34
0.260 0260 026 0.260 o9 35
0 10936 17,329 0 25888 36
() 10936 16,571 0 2,37130 37
38
154 276 276 23 49 39
40
0 (] 749 0 214 41
42
767 230 96.15 000 81628 43
44
173 107 1.60 0.16 60.5 Water/steam 119.84 45
jacket 46
0.00 000 434 000 14.1 Traversing 73.51] Gas HHV= 19 Bovsct | 47
Stirrer Batimated= s Bavd | 48
2349 24.40 4337 102.10 0.16 74.6 Total 1009.60] Calculatod= SBBum | 49
- psia & 17 tph {typical) Coal each: 4.0 {Unit Output (MWn) 118.5 MWn BukGe=  382% H20 S0
| Calc Comb Teamp (F) 1990 S1 |
1,564 13.92] 300 77.60% 5,106  83.00%) 56,97 36591 0.00% 52
T 0  000% 464 3.00% 8,56 8501l 0.00% S3
0  000% 116 200% 96,742 96,7 0.00%) 54
144 0  000% & 1.00% 175998| 17 0.00% [
0 0.00 0 0.00% 8 100% 2788 2786] 0.02% [ 56 |
0  000% Sub-Totals| 340,629 340,629]  0.00%; 57
0  0.00% Sum of um of Gas l Maa 58
: 439 90 Streams Constituents |[Unbalance 59
; 10 2 balance check 60
: 29 6 FERC Cydle Efficiency(g)= 44.47% 61
; 0 0 FERC Cyde Pfficiency(n)= 41.05% 62
10 2 63
: 9,671 86.08] B66  22.40% 0 0 64
11234 100 3868 100.00% 5,802  100.00%) 487 100 65
¥ 11,234 3,868 3,802 487 343,690 66
e &
) 312 107 161 0.14 95.47 68
: 3800 14.7 350+ 350+ 259 2% 69
Lo 630 1120 1120 1300 1120 70




D T D DI TE I U e T g T . FEPN . . . R ||

——

2 AE | AF | AG | aAH | Al | AJ [ Ak | A | am | aN ] A | AP | a | AR |
i 1 |Standardized IGCC Gasifier Cogen Application Reference Coal - I
. 2 |Mass & Energy Balance ABB GT1IN Plant Predicted Gasifier Ou
. 3 |Stream No. 11 12 13 14
- 4 _|Identification : Alr Bleed Alr Bleed Air Compressor Discharge
' 5 |From Atmosphere Compressor for Compressor
¢ |To Gas Terbine Compressor Booster Compressor Cooler Coolant | Combustor
7 |Ges MolWt | Ibhr  Ib/mol  wt% mol% | f/br fb/mol wi% mol %| IWhr Whr  P/mol  wt% |
8
9 |co 28.010, 0 0.00 0.00 0.00 [ 0.00 000 000 o 00 0.00
10 |H2 2016 0 0.00 0.00 0.00 0 0.00 000 000 [ 0.00 0.00
11 |CO2 4010 1,156 001 0.0 0.03 110 0.01 008 0.03 101 s 0.01 0.05
12 |H20 18018 15,54 o.18 0.64 1@ 1482 0.18 o4 1@ 1,38 12,684 o1s 0.64
13 |JCH4 16042 0 0.00 0.00 00 0 0.00 000 000 (] 0.00 0.00
14 |C2H6 30068 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
15 |H2S 4.076 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
' 1G |COSs €070 [ 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
: 17 IN2 013 183194 21.65 75.03 28| 174857 2168 7503 T 160 1,496,767 2165 75.09
' 18 |Ar 39.948 non 0.38 13t 0.95 3,061 038 131 095 2 26204 03 1
19 JHC1 36461 () 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
20 |[HCN 21,026 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
21 |NH3 17.0%0 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
22 |CS2 76.131 [ 0.00 ¢.00 0.00 (] 0.00 000  0.00 0 000 @00
23 |SC2 4.0% 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
24 |[NO 30.006 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
26 |02 3199| 361,09 663 2298 2072 £3,553 €63 19 2072 49, 458412 68 2298
26 |NaCl $8.497 0 0.00 0.00 0.00 0 0.00 000  0.00] 0 0.00 0.00
27 |JKC1 74.596 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
28 [Total Gas (1b/hr) 2441736 2086 100.00 10000] 233064 2886  100.00 100.00 213,660 | 1995012 2086 100.00
20
30 |Volumetric Flow Rates (IS'I'P 14,7 psia, S9F)
3 1 |(acfm) $:4.264 9,051 11418
32 |(sefm) 534264 ‘ 20,996 47085| 436519
33
. 34 |hgAdiabHeat(BTUND)
35 |Cp (BTUML F) 0.240 0234 02354
36 |[HHV (BTU/Mb) 0.0 00 00
37 |LHV (BTUNY) 0.0 00 0.0
38 |Sensible Heat
39 |above 59 F Btu/lb 0 161 161
40 |Latent Heat
41 |of Water Btuwlb 7 7 7
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 37.93 a
46 |above 59 F MBtu/hr
47 |Latent Heat 16.15 154 13.19
48 |of Water MBtuhr
49 |TotalHeat(MBt vhr) 16.15 »07 3MAL
50 ParssiticLoad 1043 M
51
52 ]C 12011 315 ) 258 258]
53 |H 1.008| 1,725 163 151 1,409 1,409
54 |0 16.000 575,100 4951 50,37 40,3714 470,374
§5 N 14.007 1,831924 174,857 1 1496767 1,496,761
56 | 2060 0 0 0 0 0
§7 JCL2 35.500 2,409,664| sub-wotale 230,003 |sub-totale 210,854] sub-sotels | 1968808 1968 808
N 58 |H20 18.016] belance check
i 50 |ZnFe204
60 |ZnS
61 |FeS
6 2 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
' 66 [Total Flow (pph) 2441,136 233,064 213,660 | 1995012
67
68 |Total Flow (pps) 678.26 ¢ 64.74 . 5935 554.17
69 |Pressure (psia) 147 ¢ 184 ¢ 184
70 |Temperature (F) 59 ¢ 693 * &3




A8 T AT | au ] av 1 aw T ax | av ] Az BA | B8 BC_ ] 80 | BE [3 <)
linois #6 J-1538 DE-ACZI-89MC26291 1
tput Revisicn 7 10/16/90] 2
18 16 17 3

} Fuel % H2S Inlet Gas Thrml NO (ppmvd) 25 ]Exhaust Gas 4

‘ HGCU Removed |GT Combustor *Rich/Lean Red.F  85% |Gas Turbine 5
GT Combustor 99.0%|GT Expander —_— [

mol% | v molhr wi% mol % | Whr  ib/mol mols wi% wol% | B/ir molddkr W% mol% 7
8

00| 90292 3m 2638 po1 7} 0 000 0.00 0.00 0.00 0 0.00 000 0.00{ 9
aool 4010 1,989 117 1410 0 000 0,00 0.00 0.00} 0 0.00 000 0.00{ 10
003| 40388 918 11.90 sl 2009 258 0.0020 290 s36 085 472676 16 sy 11
12| 1938 1,072 565 1.0 "2 R} 0.00 Y] 614 90%0 076l 359 snf 12
0.00 1314 460 216 326 () 000 0.00 0.00 0 000 000 0.00 13 |
0.00 142 © 0 0.3 (] 0.00 0.00 0.00 o 000 0.00 o.a 14 |
0.00 25 1 oo1 001 0 0.00 0.00 000 o 000 000 0.00{ 185

© 000 1 6 0.00 0.00 0 0.0 0.00 0.00 (] 0.00 0.00 0.00] 16
[ 7128 174970 6246 sL14 | 1672853 2073 005 T1.56 1,832,853 6342065 788 741} 17
. 098 3,061 n 0.5 0% 29265 03¢ 0.00 125 32071 00283 126 091} 18
{000 (] 0 owo 0.00 o 0.00 0.00 0.00 0 0.00 000 0.0t 19
L 000 119 't o 003 0 000 0.00 0.00 o 0.00 000 0.00{ 20
0.00 1173 ® 0.34 0% 0 000 0.00 0.00 (] 0.00 000 0.00{ 21
! 000 0 0 0.00 0.00 o 000 0.00 0.00 0 0.00 000 0.00f 22
i 000 0 o 0.00 0.00 56 00007 00000  0.0024 6 087 000 o.00 23 |
i 000 0 o 0.00 0.00 454 00056 00000 00194 434 1513 002 o} 24 |
[ 20m 0 0 000 0| 3. 419 0.00¢5 1443 386786 12087.43 1516 13.724 2§
[ 000 ] 0 000 0.00 0 0.00 0,00 0.00 0 000 0.00 0.00{ 26
L 000 ) 0 0.00 0.00 o 0.00 0.00 0.00 0 0.00 000 o.00{ 27
10000( 342160 14,106 100.00 10000} 2337,172 287 00345 10000 25581 8809028 100.00 100.00f 28
2,337,175 bal &k 2550835  balck 29

30

15973 195,189 1,491,997 31

%,063 509 424 356,174 32

33

34

0334 0218 a.267 38

25489 0.0 00 36

13%0 0.0 [} 37

38

378 53 39

40

219 40 37 41

42

¥ k) 0.00 0.00 43

44

128.14 1246.68 623.55 45

46

7488 92.80 %21 47

48

1000.26 133948 1334.67 bal chk 7176 49

Wg {__Combustion Turbine Output __ 81.1S3 MWg _ | 1.04 Turbine Commpressor Surge Margin | 0
S1

0.00%) 56,206 56, 0.00%) 56734 S6 0.00% 52
0.00%) 9915 991 0.00%; 10066 1 0.00%; 53
0.00%) 568,93  S63,095]  0.00% 618871 618871 0.00%; 54
0.00%) 1672765  1612765]  0.00%) 1833065 1833065 0.00% 55
0.00% 28 28] o0.10% 28 2 0.00% 56
0.00%] 2307907 2%07910] __ 0.00%sub-total 2518763 18,763 0.00%sub-total 57
bafance check balance check 58

59

60

61

62

63

64

65

342,10 2337172 2,550,832 66

67

95.04 64921 708.56 68

258 180 ¢ 15.13 69

1180 1973 * 973 * 70
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* ! 1 Stanclardlzed IGCC Gasifier Cogen Application Reference Cq Coal - Ilinoils #6
i ’ 2 |Mass & Energy Balance ABB GT 11N Predicted Gasifier Output
;' 3_|Stream No. 18 19 ThrmiNO (ppmvd) 25 20 2
1 | 4 |Identification Fuel for Supplementary Firing Flue Ges SCRRedF 80% | Superhested Steam | Low Presure Su4
] ! 5 |From Gasiffer HRSG R/LRedF 85% HRSG HRSG
: ! ¢_|To | HRSG Stack NOxReburnF 0% Steam Turbine Steam Turbin
! : 7 |Ges MolWt | br  lomol wt% mol% | Ib/ar molhr wi%  moi% ke T}
e
9 |CO (/] 6% 2626 n 0 000 0.00 0.00]
10 |H2 0 029 118 142 0 0.00 0.00 0.00
11 |CO2 0 286 11.78 [ A 208028 472676 816 537
12 |H20 [} 124 1 6! 90,90 302861 3.ss L&)
13 |CH4 [ 052 215 32 0 0.00 0.00 0.00
14 |C2H6 ] 0.10 043 a4 0 0.00 0.00 0.00
16 |H2S 0 018 074 Qs 0 0.00 0.00 0.00|
16 |COS 0 0.08 on o 0 0.00 0.00 0.00,
17 |[N2 (] 12% $0.91 44.24] 1832853 6342865 71.86 7428
18 |Ar 0 on 0% 054 32071 80283 126 091
19 |HC] [ 0.00 0.00 0. 0 0.00 0.00 0.00
20 {HCN 0 0.01 0.03 0.03 0 0.00 0.00 0.00
21 |[NH3 o 0.08 oM Q4 0 0.00 0.00 0.00}
22 |CS2 (] 0.00 0.00 (1 0 0.00 0.00 0.00]Stack Emissions (/MBtu)
23 |SO02 (] 0.00 0.00 0 s 087 0.00 0.00/0.053
24 INO 0 0.00 0.00 o [ 3.03 0.00 0.00{0.09
25 |02 (] 0.00 .00 0. 386,786  12087.43 15.17 1372
26 |NaCl 0 0.00 0.00 (1 0 0.00 0.00 0.00
27 |[KCl 0 0.00 0.00 o 0 0.00 0.00 .00,
28 |Total Gas (1b/hr) 0 24.34 100.00 100. 2,550,469 88078.18 100.00 100.00
29 2,550,471 bal chk
30 ]| Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) [\] 761,822
3 2 |(sclm) 0 556,008
33
. 34 |Heat (BTU/D) 1459.34
35 |Cp (BTUNbL F) 0334 0247
36 |HHV (BTUAb) 25489 00
37 JLHV (BTUND) 23%.0 0
38 |Sensible Heat above
39 |59 F Btub sieam 0 a1
40 |Latent Heat of
4 1 {Water Btu/lb steam 0
42
43 |Chemical Heat 000 0.00
44 |(LHV) MBtw/hr
45 |Sensible Heat 0.00 121.06
46 jabove 59 F MBtu/hr
47 |Latent Heat 0.00 9421
48 |of Water MBtwhr
49 |TotalHeat(MBtu/hr) 0.00 21528 40728}
50 HRSG Turbine C
51
52 |C 12.011 0| $6734 36734 0.00%]
53 |H Lml 0 10066 1 0.00%)
54 10 16 0 618677 618,677 0.00%
55 |N 14.007 0 1,832,995 1832, 0.00%]
56 [S 32060 0| 28 28 0.00%]
57 JCL2 3s. Ofsub-tocal 2,518,400 2.518,400 0.00%; sub-tptal
. 58 |H20 1801
W 59 |ZnFe204
60 {ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 JASH
‘ 65 |Total Solids
66 [Total Flow (pph) 0 2,550,832 279,058
67
6 8 |Total Flow (pps) 0° 708.56 T1S:
69 |Pressure (psia) 259 14.7 126:]
70 |Temperaiure (F) 1160 291 9331
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Standardized IGCC Gasifier Coge

Mass & Energy Balance

n Application
ABB GT 11N

Reference Coal -
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200 MW Cogen Cycle
Mitsubishi-Westinghouse 501 F
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3TPRO Z.31 Michael Brown 12-15-199@0 13:43:352
BEC &2 ~ @@ MW COGEN CYCLE
1ITSURISHI-WESTINGHOUSE 321 F

‘ ESTIMATED G.T. SITE PERFORMANCE
‘wel=Fuel G.T. @ 123 % rating, XIGV= @

jite ambient conditionms: 14.7 psia, S9 F, 6@ % RH
Inlet loss= 4 inch H20, exhaust loss= 10 inch Hz0

Ivap. inlet cooler too @ %4 RH.
G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Caompressor inlet airflow % reduction = @
Zompressor efficiency reduction 4 = @

Turbine efficiency reduction 4 = 2

daximum firing temperature excess over base locad =@ F
Tombustor % pressure loss (@ means rominal value) = @

Zombustor inefficiency + heat loss % (@ means nominal value) = @
Cooling air increase % (@ means rominal value) = @

Process air bleed location (2 means rnone) = 1

rocess air bleed 4 of inlet = 11.86

H Model PR TIT TET Mair kWe H.R.LHV Mex N&+Ar o= coz HE0
F F kpph BTU/kWh kpph % % % %
:'wsmw 14.6 23022 1285 3386 13533645 14376 3574 74.52 12.17 6.58 6.75
Fuel flow = 589 kpph
3.T. auxillary power = 762 kWe.
ESTIMATED G.T. CYCLE
STREAM TEMPR. PRESS. MASSFLOW M. W. MOLE COMPOSITION +%
F psia kpph o+Ar o= coz Hz0
Ambient air in =9 14.7@ 35386.37 £8.79 78. 22 2. 74 .23 1.21
Compr. inlet 39 14,35 32386.37 28.79 78. 2z Z. 74 .23 i1.@21
Turbivne coolant misc. 4u08. 37
Process air bld 713 &12.28 41. 62 £8.75 78. 22 o, 74 2. a3 1.a1
Zompr. disch. 713 21E8.28 &2576.38 28.795 78. 22 2. 74 Q. a3 1.@a1
Turbine inlet 23202 2R3.79 31€6.143 =8.912 74, 02 11.25 743 7.5@
Turbine exhaust 10835 15. 26 3574.40 =8. 88 74.352 12.17 6.358 6£.75

Tompressor= 159812 Turbirne= 2168739 Mech. lass= 248 kW
Turbine coolant= 12.1 % compr in

3T specific power @ gen term= 45.4 kW per kpph

BT efficiency @ pgen term= 3A.286 % HHVY = 32.89 % LHV



3TPRO 3.31 Michael Brown 12-15-19%0 13:43:32 Gas Turbine p.&2

GAS TURBINE/GENERATOR HEAT EBEALANCE
’gy in = 493736 BTU/s
nlet air Inlet air Water Steam Fuel
Sensible Latent Ing. Ing. HHV
6194 ez63 12 @ 481280

Incompl comb  GT Mech. Gearbox Gererator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air
39899 597 @ =1 274646 43964 145636 1962

Zera enthalpy: dry gases & liguid water ® 32 F (273.15 K)
Heat Balance Error = In - Out =-271@ BTU/s =-.35949 %




3TPRO 3.31 Michael Brown 10-15-1992 13:43:58
IGCC &3 - 2@ MW COBGEN CYCLE
1ITSURBISHI-WESTINGHOUSE S@1 F

l‘: 12 Subtype: 3 Induction

Steam cycle p.1

P T h m uA a A
psia F RTU/1b kpph BTU/s-F BTU/s sq. ft

-nd rtrn Q.74 87.397 o5. 98 564, A9

3tm rtre 17.72 oS5, 22 =18.49 =7. 02k

1akeup 17.7& 8. 2@ 48. 22 13.971 (Includes 5.15 kpph for desup)

“W supl 17.72 94,81 &2. 8 999. 916

-TE S99. 916 63 518@ 31169

From LTE 17.2@2 150. a2 117.88 399. 916

-PER 43. 655 133 117@7 6a301

~Nater bleed 97.83@

rtd. FW 17. 2@ S20. 200 188.13 o@z. @86

4PFW 1648.87 c21.31 194, 33 423.739

1PE1 4e3.739 477 Ze261 24762
& 1622, 84 434,18 417.45 Q. 202

1PEZ 423.739 325 2374 147371
7 1877.33 581.38 595. 64 Q2. 22@

-“PES 423.739 2 @ @
a8 1554, 22 581.98 S5959. 64 a. 0@

BElwdn 1554, 22 &21.38 &19.79 4,135

4PE 4193. 544 641 66422 266495
9 15854, 22 ta1.98 1165.18 2. 20Q

—4PS1 419. 544 =23 33584 124491
12 1528. 95 242, 25 1453. 36 . 20a

—10 4193. 544 67 4530 34948
11 1528. 35 112126, 2@ 1492. 23 2. 20a

Into HPRT 1465. 00 1222, 22 1490, 12 419. 544

R/H extr S0Q. 0@ 723.39 1375. &3 413, 544

stm addn S2@. 2@ 652, 2 1331.99 Q2. 2Q@

~ald R/H  S2@. 2@ 729. 39 1375. 23 419, 544

intos HPT 471,30 1222, 22 1519.585 419. 544

~APT exit 339.81 I24.63 1483.59 419. 544

IPFW 371.32 22@. 29 183. 48 78. 347

IPE 78. 347 &ec 4404 297z
1 360, S2 414,18 291. 86 Q. 20Q

Blwdn 36, S 434.18 412.73 R.776

IPE 77.571 365 17528 158a18

Stm addn 326@. 352 434,18 1225. 29 97.83@
= 26@. S0 434,18 12@S. a9 2. 2Qa

IPS1 175. 401 126 S35a 58523
3 350, aa c@al. 38 1314.90 2. 2R

IPSE 175. 421 a Q2 74
4 35a. 2@ &l1.38 1314.912 2. 20@

cold R/ZH S0@. aa 729. 329 1375. 23 413. 544

I1PG3 4193. 544 113 17146 58935
3 48%5. 44 1226, 2 1522. 36 2. 2R

I, LPT 3239.81 8&7.2a 1432.97 594, 945

L bld. &57.5@ 781.55 1412.52 3@Q. 853

Desuperhtr S.147

LPT proc 250,00 420, 2@ 1214.85 36. 002

LPT exit D.74 91.57 1229. 322 S&64. 1132



3TPRO 3.31 Michael Brown 10-15-1990 13:43:56 Steam cycle p.&

STEAM TUREINE

No. of steps Exit GQuality Efficiency (4) Work (kW)
Toe HPT exit 1
T LPT bleed 1 1.285
Fa LPT exit 15

Sross power = 88666 kKW. Mech/Elect laosses = 266@ kW.
Jenerator output = 86026 kWe. ST auxiliaries = GOZ kWe
Foiler feedpumps = 896 kWe

CONDENSER
P T h m

psia F BTU/1b kpph
_PT exit 0. 7365 21.57 11229, 212 564,23
satuwration D. 7365 31.57
Condensate well B.7365 87.57 55. 58 S64. 129
Zooling water in &65. @ 35888. 31
Cooling water out 812. 122 35888. 31
l\ger of passes= 1 UR= a3ey BTU/s-F Surface area = 405395 sqg. ft
Tubes: 0D = 1 in Length= 38.6 ft riumber= 4Q02@

Cooling water: Velocity= 9 ft/s DP = 9,02 psia Pumps = 4085 kWe.

STEAM CYCLE HERT EBALANCE

5T Exhaust GT Exhaust Duct Burner Makeup+Proco Pump External

Sernsible Latent Fuel HHV Ret urn Wonrk Steam
274646 43964 @ 1825 759 38748

Irnergy out = Z53797  EBTU/s

Heat Elow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
ladiated down Losses Serns. Latent C.W. Steam Injec. Water Out put
3892 811 2821 34293 43964 14953 12148 @ 5113 8135&3
Jero enthalpy: dry gases & liquid water @ 32 (273. 15 K)

'y‘ Balarce Error = In — Qut = 145 BTU/s = .041 Y




JTPRO 2.31 Michael Brown 12-15-1990 13:43:58 Steam cycle p.3

HRSG GAS-SIDE PROFILE

3‘ Tg F Tw F DT F Gg/UA DELTA P uA Gg Vg Tube Lngth
HR/IP HP/IP F inch HE0 BTU/s-F BTU/s ft/s Rows ft

1 1282.8 1226, @& 74.8

1 12080.8 12@26.12 74.8
121. 4 i.@a 180.4 21893.5 54.5 4.5 1.9

12@1.9 340, 1 &1.9 .

iaa1. 2 729 4 Z72.6

= 1oR1.3 9413, 1 61.9
143.3 1.3 236.8 I39&Q.2 Sa.8 €. 12 2.9

a878.1 ez, 2 276. &

3 878.1 CRZ. 2 276, &
104. 6 Z.3 E41.4 E7066.0 44,18 1.8 . 4

627.0 E0E. D =5. @

4 &E27. 2 S82. @ 45. 12

4 GE27. 2 caz. 2 29.
&£1.7 1.5 43,8 2E587.6 37.6 3.9 4.1

S24.9 434, 2 20. 7

S24. 9 434, & 3@, 7

5 S24.9 434, & 9.7
48.5 1.2 364.9 177@&.9 34.5 7.6 3.2

._456..5 434, & o2.@

& 458.2 434, 2 =2. 0

6 456. 2 414. 2 4.2
57.6 1.4 538.&8 I@97Z. 4 2l.@2 iz. & S. 1

334.5 e2l. 3 113. &

334.5 . 3 114. 2

7 334.5 2Ed. @ 114.5
88.9 @a.3 138.9 118&3.7 =8.2 Z.3 1.&

=87.5 220, 67.5

a8 =87.3 150. 2 137. 5
146€.5 @.1 63.3 9271.5 26. 5 1.5 2.6

Duct burrner fuel= @ kpph
Gas mole composition: 74.5 %4NE+Ar 12.2 #08 6€.38 %C0= 6&.75 #HS Qs AS0E

Flue gas dew point = 121 F M. W.= 8.9
ARSG TOTALS Ecornomisers Evaporators Superheaters TOTAL
o LTU s honta et AS6I6 Laetl Z1TRET
JA BTU/s-F 226 113 o223 258
2768937 1124285

Q sq. ft 432373 484814 276
Prime surface= 69462 fin surface= 1184624 sq.ft. Averaged fin eff.= .732
HARSG frontal area = 1372 sq. ft. Gas mass flux= 5.17 kpph/sqg. ft
HRSG lewngth = 24 ft, S57.& tube rows, 3292 ft of tubes per row.
2 im dia. tubes with serrated fins, staggered arrangement.
Fin thickness/dia.= .93 , height/dia.= .4 , spacing/dia.= .Q7
Tube transverse pitch/dia.= 2.9 , row longitudinal pitch/dia.= 2.5




W50 F
Water cooling
air to coal ratio 2. M air pressure 212 Cp air 0.248
water coal ratio 0.183 air temperature 13 Cp vater 1.000
air to water ratio 16.28 water temperature 80 Cp stear 0.455
1b ut ¥ wmols wmol ¥ partial
pressure
air 16.28 94.2i% 0.57 91.87% 193,87
water 1.8 5.79% e.86 8.9 18,93 sat tesp 224.7

Temperature of combined stream entering boost compressor

399.9% F sat pressure 247 psia Rel. Huw. 7.66%

Temperature of stream exiting compressor (85% comp eff)

Tf = Ti + (Ti/me(PF/Pi)~({k=1)/K)=1})

‘ where
Ti - inlet temperature - 399.90 F - 859.9% R
n - efficiency - 85.00%
k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume 1,384
Pf - final pressure 350 psia
Pi - initial pressure 2i2 psia

Tf = 550. 88 F
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Al B c_ Do E | F 1 6 [ n [ 1+ [ 9 1T x T t | ™ | N I o
1 |Standardized IGCC Gasifier Cogen Application Reference Coal - i
2 |Mass & Energy Balance MW 501 F Plant Full Load Predicted Gasifier Out
3 |Stream No. 1 2 3 4 [
4 |Identification AR Conal Coal Fines Sized Coal CompAlr@ 241 A/C Waler @ 0.26
5 |From Iitinols #6 Sizer@  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water  H20/
¢ |To Sizer Briguetting | _Gasifler — Gasifier — _ Gasifier Cosl
7 |G Mol Wt TY.13 wt % Ib/hr wt% b/hr wt % /hr IVmol wt% mol% Idb/mr
8
9 |CO 28.010] 0 0.00 0.00 0.
10 [H2 2.016] [\ 0.00 0.00 0.
11 |CO2 44,010 190 001 0.08 0.
12 {H20 18015 2554 a1s 0.64 1. 43,331
13 |CH4 16042 0 0.00 0.00 0.
14 |C2Hé6 30068 0 0.00 0.00 0.
15 |H2S 34076 0 0.00 0.00 X
16 |COS 60070 0 0.00 0.00 0.
17 |[N2 28013 301335 21.65 75.03 T
18 |Ar 39.948 5216 0.38 131 0.
19 |HCI 36461 0 0.00 0.00 0.
20 JHCN 21.026 (] 0.00 0.00 0
21 |NH3 17.030 (] 0.00 0.00 0. :
22 |CS2 76131 0 0.00 0.00 0. ;
23 |sO2 6409 0 0.00 0.00 0. ]
24 |INO 30,006 0 0.00 0.00 o. ]
25 |02 31.9%9 22% 663 2298 2. :
26 |[NaCl 8497 0 0.00 0.00 0.
27 |KC1 74.596, 0 0.00 0.00 0. i
28 [Total Gas (1v/hr) 401,643 28.86  100.00 100 43,331
29 .
30 |Volumetric Flow thnl (STP 14.7 psia, S9F) '
31 j(acfm) 7,190
32 |(scfm) 87882
33
34 |Heat (BTUND) 1308
35 |Cp (BTUALF) 0249
36 |HHV (BTUMY) 10,776 10,776 10,776 0
37 |[LHV (BTUAb) 102% 102% 10,260 0
38 |Sensible Heat above
39 |59 F BtuNb steam 0 0 0 123
40 |Latent Heat of
4 1 {Water Btu/Ib steam 7
42
43 |Chemical Heat 1706.41 sun 1.2 0.00
44 |(LHV) MBtw/hr
45 |Sensible Heat 0.00 0.00 0.00 °2%
46 |above 59 F MBtu/hr
47 |Latent Heat 2.9 2685 9.4 2.66
48 |of Water MBtuwhr
49 |TotalHeat(MBtuhr) 1795.90 53877 1867.91 51.9 56.68
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia &
51 .
§2[C 12011 100,178 @.11%] 30053 60.11%] 105351 60.78%) 2
53 {H 1.008] 69% 417T% 2085 4.17% 69% 401%] 24 4815
54 ]0 16.000 12,616 757% 3788 1.51%| 12,616 7.28% 94,897 38,516
§5 N 14.007 1967 1.18%] 00  Lis% 1,967 L13% 301,338 43,331 JTotal
56 |S 32060 4,800 288% 1440  2.88% 4,800 271%) 396,368 [Toul
§7 |CL2 35.500 0 0.00% 0 000% 0 0.00% .
§8 |[H20 18016 23,49 14.10% 7050  14.10% 23499 13.56%|
59 |ZnFe204
60 }|ZnS
61 |[FeS ‘
6 2 |Fe203
63 |ZnO
64 |ASH 16,666 1000%] 5000 1000%  18,1% 10.48%)
65 |Total Solids 166,657 10001%] 49997 10001%| 173,340  100.00%
66 |Total Flow (pph) 166,657 * 49997 173,340 401,643 43,331
67
68 [Total Flow (pps) 4629 13.9 .15 111.57 1204
69 |Pressure (psia) 147 147 147 350 * 350 ¢
70 |Temperature (F) ) 59 39 351 * 351 +




TR I R R

olF]AcLlRIASLITIUIvIwa Y z AR AB AC_| AD
Illinois #6 . J-1538 DE-AC21-89MC26291 1
*Qutput 10/16/90 Revision 7 2
6 Uncomb 7 8 9 10 8§ sclib of coal 3

026 | Ash  Carbon|Fines (Char) Tar Dust(per RTI dia) |Miscelianeous  |Hot Gas with Tars 4
M0/ | Gasifir 269% |[Gasifler @ 4.00%|Casifler @  6.00%|Final Cyclone Gasifior Heat Gasifier N2 in coal §
Coal_|Ash Silo Briquetting HGCU Reclaim Losses HGCU__to NH3 Couv 90.1%[ ¢
hr Wwi% o/hr wi% | 1obr  wi% | Ibhr wt® o/hr  1b/mol wi% mol%| 7

8

135,932 6® 2626 nml 9

6997 02 118 1426 10

6,602 286 1175 6s0[ 11

30,240 14 su 6sol 12

12,207 o2 215 326 13

2,920 010 ©C43 0] 14

4372 0.18 0.74 03| 15

1,286 00s o022  009f 16

31,529 129 2091 4au| 17

s21s or o089 o 18

) 000 o000 000 19

203 co1 003 o003} 20

2022 0.08 oM as| 21

o 000 000  000[ 22

0 000 000 000 23

0 000 000 000 24

0 000 000  aoo| 25

° 000 000 000 26

0 000 000 000 27

i 92287 2434 10000 100.00| 28
29

%2281 30

23939 31

153,688 32

33

] 34
0260 0260 026 0260 % 35

0 10936 11,329 0 25888 3

o 10936 16571 0 23750 37

38

154 276 276 E7%) 49 39

40

0 0 749 0 214 41

42

2.07 17290 165.711 000 1406.66 3

44

297 1.4 276 o1 09.4 Water/stean 206.52 45

jacket 46

0.00 000 749 0.00 232 Traversing 126.68] Gas HHV= 199 Bt | 47

. Stirver Bstimatods a8 Bk | 48
" .08 7474 17593 021 122.6 Total 1739.86] Calculatad= 9 Bud | 49
"psia & 17 tph (typical) Coal each: 6.9 [Unit Output (MWn) 223.1 MWn BukGes=  4.68% H20 50
. Calc Comb Temp (F) 2340 51
—_ 2,63 1392 173 T1.60% 5799 8300% 97,933 9754 o 52 |
Is 0 000% 800  8.00% 14,659 14, 0.00% 3
isl 0  000%) 200  200% 166,117 166,718 0.00% 54
n 0  000% 100  1.00% 303,01| 303 0.00% 55
; o 0.00 0 000% 100  100% 4,800 4801] -002% 56
: 0 000% SubTouls|  587,012]  587,012] 0.00% 57
0  000% Sum of Sumof Gas | Mass 58
156 90| Streams Constituents {Unbalance 59

17 2 balance check 60

50 6| FERC Cycie Efficiency(g)= 47.98% 61

0 0 FERC Cycle Efficiency(n)= 44.83% 62

17 2 63

16,666 86.08| 1493 22.40%] 0 0 7}

, 19,360 100 6,666 100.00% 9999 100.00%] 840 100 65
B1 19,360 6,666 9999 840 592,287 ::
i"‘ 538 188 278 023 164.52 68
%0 * 14.7 350 * 350 * 287 287 69
650 1120 1120 1300 1120 70

591 ¢
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AE | AF | _Ad_ | AH T Al | A [ ax | AL AM AN AO AP AQ AR j
1 |Standardized IGCC Gasifier Cogen Application Reference Coal - Il
2 |Mass & Energy Balance MWS501F  Plant Predicted Gasifier Ou(
3 _|Stream No. 11 12 13 14 ;
4 |Identification Afr Bleed Alr Bilead Alr Compressor Discharge’
§ |From Atmosphers Compressor for Compressor '
¢ |{To Gas Turbine Compressor Boostsr Compressor Cooler Coolant Combustor
7 |Ges Mol Wt Tomr 1%/mol wt% mol % To/hr Ib?&nd wt% mol % [[Y T3 o/hr fo/mol wt% W
8
9 |CO 28.010 0 0.00 0.00 0.00 (] 0.00 000  0.00 0 0.00 0.00
10 |H2 2016 0 0.00 0.00 0.00 0 0.00 000  0.00 0 0.00 0.00
11]CO2 44010 1,604 0.01 0.08 a0} 190 001 005§ o3 193 1,220 0.01 008
12 |[H20 18013 21,5% 0.18 0.64 1.02 2,554 o1s 0.64 L2 16,300 018 0.64
13 |CH4 16042 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
14 |C2H6 30068 0 0.00 0.00 0.00 0 0.00 000  0.00 0 0.00 0.00
16 |H2S 34076 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
16 |COS .07 0 0.00 0,00 0.00 0 0.00 000 000 0 0.00 0.00
17 N2 28013 2540618 21.65 75.03 T128] 301,338 2165 7903 TI28 306, 19321 21.68 7503
18 |Ar 39948 “4a7 038 ) 095 3716 a3s 131 095 $364] 3383 0.38 131
19 JHC1 36.461 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
20 |[HCN 27,026 (/] 0.00 0.00 0.00 0 am 0200 0.00 0 0.00 0.00
21 |NH3 1700 0 0.00 0.00 0.00 0 0.00 %00 0.0 0 0.00 0.00
22 1CS2 76131 0 0.00 0.00 0.00 0 0.00 000  0.00 0 0.00 0.00
23 {SO2 64.0%) 0 0.00 0.00 0.00 0 0.00 000  0.00 0 0.00 0.00
24 |[NO 30.006, 0 0.00 0.00 0.00 0 0.00 000  0.00 0 0.00 0.00
256 ]02 3199 778,109 6.63 298 2072 w029 66 129 207 93,838 M1982 66 2298
26 |[NaCl 58497 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
27 |[KCl1 74.596 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
28 [Total Gas (Ib/hr) 3,386,340 28.86 100.00 100001 401,643 2886  100.00  100.00 408,384 ] 2576313 2006  100.00
29 |
30 | Volumetric Flow Rates (STP 14.7 psia, 59F)
31 [(acfm) 740948 13,753 88217
32 |(scfm) 740,948 87,882 89997]| 63710
33
34 |hgAdiabHeat(BTUND)
35 |Cp (BTUML F) 0.240 0.255 02355
36 |[HHV (BTU/b) 00 00 00
37 |LHV (BTUADY) 0.0 00 0.0
38 |Sensible Heat
390 |above S9 F Btwlb 0 167 167
40 |Latent Heat
41 |of Water Btu/lb 7 7 7
42
43 |Chemical Heat 0.00 2.00 0.00
44 |(LEV) MBtwhr
45 |Sensible Heat 0.00 66.9 42903
46 |above 59 F MBtu/hr
47 |Latent Heat n» 266 17.04
48 |of Water MBtuwhr
49 |TotalHeat(MBtuhr) n» 69.54 44607
50 ParssiicLoad 1659 M
51
52 |C 12011 437 $2 53 m m
53 |H 1.008| 2392 284 1,820 1,820
54 |0 16.000 798414 4,67 96,287 607430 607430
56 |N 14.007 2,540,618 301,338 1932291 19312891
56 |S 22060 0 0 0 0 0
§7 |CL2 35.500 3,341,861 sub-totale 396,368 sub-totale . 403,000] sub-wotals | 2542473 25QA73|
58 |H20 18016 Dalance check
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 {ZnO
64 |ASH
65 |Total Solids
66 |Total Flow (pph) 3,386,340 401,643 408,384 | 2,576,313
67
68 {Total Flow (pps) 940.65 ¢ 111.97 . 11344] 71564
69 |Pressure (psia) 147 1. 12
78 [Temperaturs () S0 713 * 713




AT As T AT 1 AU AV | Aaw T ax ] Aav | Az | BA 88 B8C 80 BE BF [8G |
al- Illinois #6 J-1538 DE-AC21-89MC26291 1
iifier Qutput Revision 7 10/16/90] 2
1§ 16 17 3
o Discharge Fuel %H2S Inlet Gas Thrnl NO (ppmvd) 25  |Exhaust Gas 4
x HGCU Removed |GT Combustor SRich/Lean Red.F  85% |Gas Turbine 5
I GT Combustor 99.0%|GT Expander _ [
wi% mol® | b T wi%  mol% | iwhr Io/mol mois wi% wol% | Ib/hr moishr wt % mol% 7
8
0.00 0.00 155,52 5,393 26.38 2284 0 0.00 0.00 0.00 0 [+] 0.00 000 o000f 9
000 0.00 6911 38 117 14.10 ] 0.00 0.00 0.00 Q ] 0.00 000 o000 10
0L 0.03 9,602 1,582 11.%0 651 351911 328 0.0026 11.30 745 358,104 8136.88 1002 6.60{ 11
06 1.2 33291 1,048 365 7.0 148,296 1.36 000 4.68 1.94 150,893 8375.96 422 6. 12
000 090 12,707 ™ 216 326 (] 000 0.00 0.00 Q. (] 0.00 000 0. 13
0.00 0.00 2,520 “ 043 oM 0 0.00 0.00 0.00 0 0 0.00 000 0. 14
0.00 0.00 “ 1 001 001 (/] 000 0.00 0.00 0. 0 0.00 0.00 000{ 15
0.00 0.00 13 0 0.00 0.00 0 000 0.00 0.00 Q. 0 0.00 000 0.00{ 16
10 Ti2s 301,529 10,764 51.14 4428] 223583 2048 0.0252 70.62 1 2,542218 9075126 7112 . 17
n 093 3218 12 0.9 054 39,114 0.36 0.00 1.24 O 44478 1113.41 124 o090{ 18
6.00 0.00 0 4] 0.00 0.00 (4] 0.00 0.00 0.00 Q. ] 0.00 0.00 000{ 19
0.00 0.00 203 ) 0.03 0.03 0 0.00 0.00 0.00 0. 0 0.00 000 0. 20
0.00 0.00 202 119 L& 0.4 0 0.00 000 0.00 [ 0 0.00 0.00 0. 21
0.00 0.00 0 0 0.00 0.00 0 0.00 000 0.00 0. 0 0.00 000 0.00{ 22
000 0.00 0 0 0.00 0.00] 96 0.0009 0.0000 0.0030 0001 96 1.50 0.00 000{ 23
0.00 0.00 0 0 6.00 0.00 T 0.0072 0.0000 0.02e 00oM1 i, 2629 002 0.02| 24
nN 20.72 ] (4] 0.00 0.00 383,939 352 0.0038 12.13 10. €T1T1T 1493099 13.37 12.11f 2§
0.00 0.00 0 (/] 0.00 0.00 (/] 0.00 0.00 0.00 0. ] 0.00 0.00 0.00{ 26
0.00 0.00 0 ] 0.00 0.00 (/] 0.00 0.00 0.00 Q 4] 0.00 000 0. 27
100.00 mooJ $99.651 24,310 100.00 100.00] 3,165.963 29.00 0.0345 100.00 100. 3,574,347 123336.28 10000 100.00{ 28
3,165,968 bal &k 3,574352 bal ck 29
30
24,815 264,161 2,252,233 31
153,484 689,349 T18,706 32
33
34
03 0.284 0267 3s
2,5489 0.0 0.0 36
2,300 0.0 (] 37
38
375 636 74 39
40
219 49 44 41
42
1373.90 0.00 0.00 43
44
220.83 2014.96 980.81 45
46
129.04 154.23 15693 47
48
173.77 2169.19 216984 bal chk 1137.74 49
11659 MW, [ Combustion Turbine Output __153.645 MWg | 1.06 Turbine Compressor Surge Margin | 50
659 Mwg 51
I m 0.00% 97,612 97,6 0. 97,665 m,ezr 0.00% 52
)y  1mo]  0.00% 16477 16477  0.00% 16766 167 0.00% §3
)  6074% 0.00%: 716,520 716,923/ 0.00%; 872,812 872,812 0.00%: 54
| 191881 0.00%] 2236191 2236191]  0.00% 25058 23058 0.00%) 55
) 0 0.00%) 48 48 0. 2094 48 48 0.009%; 56
) 2342473 0.00%: 3,126,849 J,DG,B”I 0.00%{sub-total 3529873 3529873 0.00%{sub-total 57
baknce check balance check balance check 58
59
60
61
62
63
64
65
589,651 3,165,963 3,574,417 66
67
160.79 879.43 992.87 68
287.3 204 * 15.13 69
1180 2,300 ¢ 1085 * 70
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1_|Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6
2 |Mass & Energy Balance MW 501 F Predicted Gasifier Qutput
3 |[Stream No. 18 19 ThrmlINO (ppmvd) 2§ 20 a1
4 _|Identification Fuel for Supplementary Firing Flue Gss SCRRedF 80% | Superheated Steam | Low Pressure Ste
5 |From Gasifier HRSG R/LRedF 85% HRSG HRSG
s _|To — HRSG - Stack NOx ReburnF 0% | Steam Turbine Steam Turbing
7 |Ges Mo Wt | Ibr  Io/mol wi%  mol% ib/lar  mol/hr wit%  mol% oar it
8
9 :CO 28.010; 0 63 2626 0 0.00 0.00 0.00
10 |H2 2.016} 0 0.29 1.18 0 0.00 0.00 0.00
11]CO2 44,010 0 286 1178 358,104 813686 1002 6.60
12 {H20 18018 0 1.24 s 150,93 837596 %> (%,
13 |CH4 16.04 0 0.52 218 0 0.00 0.00 0.00
14 |C2H6 30. 0 0.10 04 0 0.00 0.00 .00
1§ |H2S 34.07 0 0.18 0.74 0 0.00 0.00 0.00
16 {COS 60.07 0 0.03 0o 0 0.00 0.00 0.00
17 |N2 28,013 0 12% 3091 2,542215 9075126 7114 N9
18 |Ar 39.94 0 on (1.7 44478 111341 2 0.90
19 [HC1 36.461 0 0.00 0.00 0 0.00 0.00 0.00
20 {HCN 27. 0 0.01 Q.03 0 0.00 .00 0.00
21 |NH3 17.0304 0 0.08 034 0 0.00 0.00 0.00,
22|CS2 76.13% 0 0.00 .00 0 0.00 0.00 0.00{Stack Emissions (yMB )
23 |SO2 64. 0 0.00 0.00 96 1.50 0.00 0.00/0.053
24 I[NO 30. 0 0.00 0.00 158 526 .00 0.00|0.09
25 |02 3L 0 0.00 0.00 AT1,TT7T  14930.99 13.37 12.11
26 [NaCl 58.497 0 0.00 .00 [ 0.00 0.00 0.00
27 |JKCi 74.996] 0 0.00 0.00 0 0.00 0.00 0.00
28 |Total Gas (1b/hr) 0 4.9 100.00 3,573,716 123315.25 100.00 100.00
29 3,573,721 bal chk
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acim) 0 1,066,601
32 j(scfm) 0 T18,574
33
34 |Heat (BTU/Mb) 1490.1
35 |Cp BTUNLF) 0334 0.249
36 [HHV (BTUNb) 25489 0.0
37 |LHV (BTUNb) 23%.0 0
38 |Sensible Heat above
30 |59 F Btu/lb steam 0
40 |Latent Heat of
41 |Water Btu/lb steam 0
42
43 |Chemical Heat 0.00 000
44 |(LHY) MBtwhr
45 |Sensible Heat 000 170.57
46 |above 59 F MBtu/hr
47 |Latent Heat 000 15693
48 |of Water MBtu/hr
40 |TotalHeat(MBtuwhr) 000 321.50 625.16{
50 HRSG Turbine Ov
51
§2|C 12,011 0 97,665 97,665 0.00%
53 |H 1. 0 16,766 15,16al 0.00%|
54 |0 16 [\] 812475 812475 0.00%
65 [N 14.007 0 250228 254289 0.00%
56 |S 32 0 48 48 0.00%|
67 |CL2 3s. 0}sub-total 3,529.242 3,529,242 0.00%{ sub-total
58 |H20 18.01
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
6 6 |Total Flow (pph) 0 3,574,347 419 344 Y
67
68 [Total Fiow (pps) 0° 992 87 11634
6 9 |Pressure (psia) 2873 14.7 1469
76 (Temperaturs () 118 251 * 10008
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21
ow Pressure Steam
HRSG
Steam Turbine

22
Make Up Water
WatsrTreatment
HRSG

Sat. Steam
Gasifier
HRSG

2]

Process Stm

Stm Turbine

1b/hr

Ib/hr

Ib/hr

Procl- F:clll_tz

1204

alelel el slslslulslelelefelelalslslalxlolsl=lal o[ =[<|ef|of1 [~ 2

1214.3

b S

[
]

&

(X}
©

-3

93.40

275

SG Turbine Output

860

MWg

4372

71,571

51302

97823

36000

21.53
350

271
NIb

15.92
13

27.17
350

AT)

10.00

250

4200

69

70

A
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Standardized IGCC
Mass & Energy Balance

82 CA
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CE

1

CF
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Gasifier Cogen App

lication

MW §01 F

Reference Coal -

| [+]]
1llinols #6

Straam No.

Identification

From

To

Gas

CO

H2

CO2

H20

CH4

C2H6

KCi

Total Gas (1b/hr)

25
Regen Recycle Loop

|Recycle Blower
[Regenerator

2

Conc S02 Bleed

Regen Loop
SRP

Predicted Gasifier Output
7]

Elemental Sulfur
Resox Process

Ib/hr wi%

242 0.05
3018 0.6

365,133 1487
0 0.00

113,996 3N

3,296 1.09

457,686 100.00|

1b/mr

-3
&OOOOQBOO

5
§°°£O§°°O°°

Ibe/mol mols/hr

0.00
0.00
0.46
13.96
0.00
0.00
0.00
0.00
1086.20
0.00
0.00
0.00
0.00
0.00
148.30
0.00
139
0.00
0.00
1263

0.00
0.00
0.02
0.20
0.00
0.00
0.00
0.00
4.10
0.00
0.00
0.00
0.00
0.00
7.52
0.00
035
0.00
0.00
19

wi%

0.00
0.00
0.05
0.62
0.00
0.00
0.00
0.00
L
0.00
0.00
0.00
0.00
0.00
ny
0.00
1.09
0.00
0.00
100.00

mol%

0.00
0.00
0.04
11
0.00
0.00
0.00
.00
86.02
0.00
0.00)
0.00
0.00
0.00
11.74
0.00
1.09)
0.00
0.00
100.00

Marketadle Byproduct
Ib/hr ‘%

27a
Elemental Sulfur
DSRP

Marketadle Byprodue
W/hr

Volumetric Flow Rates

(acfm)

(scfm)

(STP 14.7 paia, 59 F)
17,143
95,668

1,352
1912

Heat (BTU/Nb)

Cr (BTUML F)

HHV (BTUNb)

LHV (BTU/b)

Sensible Heat above

59 F Btu/1b steam

Latent Heat of

Water Btu/lb steam

0240

0.240

0.000

[ {]

Chemical Heat

(LHV) MBtwhr

Sensible Heat

above 59 F MBtu/hr

Latent Heat

of Water MBtuhr

TotalHeat(MBtwhr)

156.96

i

160.10

12.10

026

12.37

18.90

0.00

0.00

18.90

1

1€

C
H
o 16.
N

CL2 35.

Total Solids

Total Flow (pph)

12.011

14.007|

18.01

487,686

4,1%

4%

Total Flow (pps)

ololojoioleloio|elalnin|alnlnlalolaleia | alalalsislalalalatialololololololololelaluivivininiviviviiv]«s]a]elcdaladdadalad <o lolGlalalalols | <
ojwiNjolnlalvivielojeleiNialnlalvlnis]o jo|eiv]ajn]ajv|v]<]lojo|e]v]eijnlalvln]sioje]eiv]alnlaleln]slojo]|elv]aln]alaln]w]e

Pressure (psia)

-~
-3

Temperaiure (F)

135.47

1400

1.2
15

284
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5;!
_nental Sulfur
DSRP
table Byproduct

Sulfur Dioxide

S§O2 Recovery Unit
Markstable Byproduct

Ash

28

|SO2 Reductor
Disposal

®/hr

1%/hr

Ib/hr

wi%

0.0004

0.000

154

18.90¢

0.00

0.00

18.90

18.90

0.00

0.00

18.90!

6.83

0.00

0.00

6.83

0.4

slefafsfefafelel2e]lel<]slo]s ello el lululelulx]=]xle]sls]a]ol]]s=]z] =] ol ofo] ] |- |8

u.lu.
o

4,750

4,750}

4,1%

9,500

47

16,666
17,136
17,136

100
100

Wy
~

132
13
190

264
100

476
15
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200 MW Cogen Cycle
General Electric 7191 F

Page C-8
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GTPRO .31 Michael Brown 12-15-19302 13:52:01
IGCC &4 — Z0@ MW COGEN CYCLE
‘NERQL ELECTRIC 7191 F

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. ® 122 % rating, XIGV= @

S5ite ambient conditionms: 14.7 psia, 59 F, €@ 4 RH
Inlet loss= 4 inch H20, exhaust loss= 1@ inch HZO0
Evap. inlet coocler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = @

Compressor efficiency reduction 4 = 2

Turbine efficiency reduction 4 = @

Maximum firing temperature excess over base load =@ F
Cambustor % pressure loss (@ means rnominal value) = @

Combustor inefficiency + heat loss % (8 means mnominal value) = @
Comling air increase % (@ means nominal value) = @

Process air bleed location (8 means none) = 1

Process air bleed % of inlet = 11.81

#  Model PR TIT TET Mair kWe H.R.LHV Mex N&+Ar 02 CO& H&O
F F  kpph BTU/kWh kpph % % % %

Fuel flow = 375 kpph
G.T. auxillary power = 737 kWe.

ESTIMATED G. 7. CYCLE

STREAM TEMP. PRESS. MASSFLOW M. W. MOLLE COMPOSITION %

F psia kpph N2+Ar oz cos HZ0
Ambiernt aiv in =9 14.70 3315.17 =8.75 78. 22 ch. 74 @. a3 1.@a1
Compr. inlet 99 14,35 3315.27 28.79 78. 22 2. 74 .23 i.a1
Turbine cooclant misc. 420, 51
Process air bld 721 24, 77 391.51 28.73 78. 22 z. 74 2.3 1.a1
Compr. disch. 721 ZQ4,.77 2S23.05 £8.795 78. 22 c@. 74 Q. a3 1.21
Turbire inlet et v 196.58 298,212 =8. 8% 74,03 11.29 7.4 747
Turbine exhaust 11@ai 13. 26 3498.51 £8. 88 74,51 1. & &. 36 6.73

Compressor= 158298 Turbire= 311782 Mech. loss= 981 kW
Turbine cooclant= 12.1 % compr in

GT specific power @ gen term= 45.4 kW per kpph

BT efficiency @ gen term= 3Q.38 % HHV = 3Z3.0& % LHV




i

GTPRO 2. 31 Michael Brown 18-15-1992 13:5

. GAS TURBINE/GENERATOR HEAT BALANCE
Erergy in = 481473 RTU/s
Inlet air Inlet air Water Steam Fuel
Sensible Latent Inj. Ing. HHV
ERES €131 ] @ 469279

Incompl comb  GT Mech. Gearbox Generator Exhaust Exhaust Electric
& carcass rad Losses Loss Loss Sensible Latent Output
1295 =85 a Z@a37 273188 42838 142585

Zero enthalpy: dry gases & liquid water @ 38 F (872.13 K)
Heat Ralance Ervor = In -~ Out =-412 RTU/s =-.086 %

HUARY Gas Turbine p.&



BTPRO 2.31 Michael Brown 12-15-1992 13:52:11 Steam cycle p.1
IGCC &4 - =@ MW COGEN CYCLE

ERAL ELECTRIC 7191 F
e: 18 Subtype: 3 Induction

P T h m UA (] A
psia F BTU/1b kpph BTU/s—-F BTU/s sq. Tt
Crd rErn .74 87.357 55.58 559. 136
Stm rtrn 17.7& 258. 22 £18. 49 6. 250
Makeup 17.78 8. & 48,2 153.672 (Includes S.23 kpph for desup)
FW supl 17.78 394.68 &62. 67 533. 628
LTE 533. 828 (=3 : 91@7 20677
Fyom LTE 17.22 1502. 22 117.868 593. 828
LPR 43.218 132 11588 58735
water bleed 96. 7212
htd. FW 17. 2@ ZE2d. 2R 188. 13 497.1z28
HPFW 1648, 87 Z21.31 194. 33 425.641
HRE1 425. 641 453 26379 212872
& 1622, 84 434.18 417. 45 Q. 22
HREZ 425. 641 33 Z1269 149181
7 1577.33 S81.98 595. 64 Q. agd
HPEZ 425. 641 2 2 @
8 1534, 22 S581.28 S95. 64 2. 2@
BElwdn 1554, 22 &21.98 £19.735 4.214
HPE 421. 426 634 6E7RR 26673
9 1554, 22 enl1. 28 1165.18 2. 22
51 421. 426 el 39423 13613@
5 1 1528, 35 964. 41 1467.77 2. a0
ISy =21.42 41 2863 21265
11 1528. 95 1026. 22 149z. 23 2. DDA

Into HPT 1465, 20 1222, 2a 1492. 12 4i21. 426
R/H extr 456.&85 728. 84 1366. 34 21l. 42

stm addn 456.29 457.25 1225, 53 Q. 2@
cold R/ZH 456,25 72a8. 84 1366. 34 421, 426
imto HPT 430,16 12122, 2@ 1521, 72 421. 426
HPT exit 339.81 948. 74 149€. 20 421. 482
IPFW 371. 32 ZEa. 29 189. 48 71.487
IPE 71.487 S4 4219 255@1
1 3Gk, S 414.18 391. 86 Q. a2
B lwrn 3e0. S0 434.18 412.73 2.728
IPE 7@.779 320 153933 1328313
Stm addwm 360.50 434,18 12@5. 29 9¢6. 722
z 3ea. S 434.18 1205, 29 2. 2@
IPS1 167.473 1z S18 SE36E
3 350, 122 621,98 1314.92 Q. 2
IRPSE 167.47°3 ] ] @
4 350, a@a &601.98 1314, 9@ Q.00
coald R/H  456.:25 728. 84 1366. 24 421. 426
IPS3 421. 42 184 184z S4ac
S 442,96 1206, 2 1523.54 2. 000
gr_ﬁ LRT 35329.81 848. 18 1443.793 588. 206
T bld. 257.5@ 811.83 1422. 88 =239.769
Desuperhtr 35.231

LPT proc Z5@. 0@ LHTid. G 35. da&

i2i4. 89
LPT exit .74 91.57 1314, 4@ 559. 136




GTPRO 3.31 Michael Brown 12—-15-1992 13:52:11 Steam cycle p.&

| ‘ STEAM TURERINE

No. of steps Exit Quality Efficiency (%) Waork (kW)
Toe HPT exit 1 1. 365 &67.78 1831@&
Ta LPT bleed 1 1.268
Te LPT exit 15 Q. 316 86. 81 728539
Gross power = 88849 kW. Mech/Elect losses = 2665 kW.
Gernerator cutput = 86184 kWe. ST auxiliaries = €83 kWe

Boiler feedpumps = 897 kWe

CONDENSER

P T h m
psia F BTU/1b kpph
LPT exit 2. 73265 91.57 1214, 4 553. 14

Saturation @. 7365 91.37
Condensate well . 7365 87.357 o9. 58 S99. 14
Coaoling water in 65. 21 35741.08
Cooling water out 8. uw 35741.128
meer‘ of passes= 1 UA= B82S BTU/s-F Surface area = 40429 sq. ft
Tubes: 0D = 1 in Length= 38.6 ft number= 4004

Cooling water: Velocity= 9 ft/s DP = 2.2 psia Pumps = 403 kWe.

STEAM CYCLE HEAT EALANCE

Evergy in = 330949 BTU/s
6T Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Serisible Laternt Fuel HHV Ret wrn Work Steam
273182 42892 a 1776 7E€@ 3e37a

Erergy out = 350812 ETU/s

van s smaen sar o et et Srmne Somnt 4 Terte S0t s T e 54988 4B Serme Saaes o e St et S TS W S Sk i Somen Srein e ST SSPRS BAAS4 S SeRSD SN SO PSS Y St Seie Sates P Femme Poew OG0 Smave Samme (i SeSee Std St S4sts SO $OMAS SO dbemn SHUTS Sa TR SO S4S08 LIPS TS Semee S T eSS S0 S TS Gt St b s et St

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
Radiated down Losses Seris. Latent C.W. Steam Injec. Water Out put

Zero enthalpy: dry gases & liquid water ®@ 32 F (273.135 K)
‘\t Balance Error = In - Out = 138 BRTU/s = .@Q339 %




GTPRO Z2.31 Michael Brown 12-15-199@ 13:52:11 Steam cycle p.3

?' HRSG GAS—-SIDE PROFILE
as Tg F Tw F DT F Gg/UA DELTA P uA Qg Vg Tube Lngth
HR/IP HP/IP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 1296.8 12Q6. @ 2.8

1 1296.8 16,1 2.8
147.8 2.9 145.3 21478.12 o5 4 3.7 1.6

1@217.9 E4. 4 53.9

i@17.9 728.8 2@3.1

2 1a17.3 264. 4 593.5
137.7 1.4 259.9 35776.°9 91.5 &. 7 Z.8

884.7 6.2 =8e.7

3 884.7 s, 2 2B2. 7
106. 2 Ze 634.1 67366.9 44, 4 13. 2 S 4

&27.12 EDZ. 2 =5. 2

4 E27. 12 SB8z. 1 45,12

4 27 .10 &Rz, @ 2S.
6l. 2 1.5 431.9 E6438.6 27.8 ia. = 4.2

S523. 3 434, 2 a83.1

523.3 434, 2 89.1

S S23. 3 4354, 2 83.1
S@. 4 @.9 I2@.3 1e135z.9 34.7 &.8 2.3

‘ 459,23  434.8  25.0

& 459. 2 434, 2 25. @

& 459. 2 414, & 45. 1
&@. 6 1.4 S06.9 3IQ701.9 21.3 11.8 4.9

235.9 221.3 114.6

235.9 S2d. 3 115. 6

7 335.9 ZER. 2 115.9
9@. 1 Q.3 129.9 117@43.7 8. & 2.3 1.&

=88.35 220, 2 8.5

8 =88.95 15@0. 2 128.95
147.2 2.1 E2. S 2198. & 6. & 1.5 2.6

Duct buwrrner fuel= @2 kpph
BGas mole composition:  74.5 #NE+Ar 12.2 %02 6.56 %»CO: 6.73 #H20 .00z #8502

Flue gas dew point = 101 F M.W.= =28.79
HRSG TOTALS Ecornomisers Evaporators Superheaters TOTAL
G BTU/s eRS74 94281 61796 216651
uA BTU/s-F 8399 1284 sa7 =431
QA sq. ft 418229 459721 267839 1145792
~ime surface= 66651 fin surface= 1079138 sq.ft. Averaged fin eff.= .73&

HRSBG frontal area = 1339 sq.ft. BGas mass flux= S.& kpph/sqg.ft
HREE lemnth = 232.6& ft; S6.7 tube rows; 3205 ft of tubes per row.
2 irn dia. tubes with serrated fins, staggered arrangement.

Fin thickrness/dia.= .83 , height/dia.= .4 , spacing/dia.= .27

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5




BE 7191 F
Water cooling
air to coal ratio 2.41 air pressure 204 Cp air  0.248
water coal ratio 8.15 air tesperature 721 Cp water 1.000
air to water ratio 15.91 water temperature a0 Cp steam @.455
1b wt % wmols wmol % partial
pressure
air 15.91 94.09% .55 99.88% 185.39
water 1.8 5.91% 0.86 9.12% 18.6! sat temp 224

Temperature of combined stream entering boost compressor

400.52 F sat pressure 247 psia Rel. Hum. 7.353%

Temperature of stream exiting compressor (852 comp eff)

Tf = Ti + (Ti/n#{PF/Pi)*({k-1)/K)-1})

. where
Ti - inlet temperature - 430,52 F - 868.52 R
n - efficiency - 83, 0%
k - ratio of specific heat ® constant pressure to specific
to specific heat @ constant volume 1,384
Pf - final pressure 358 psia
Pi - initial pressure 204 psia

Tf = 264.09 F
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|| -
8 A | B e o 1 € 1 ¢ | a6 | H 1| [ | J ]« T o | ™ | N Lo
i ¢ 1 |Standardized IGCC Gasifier Cogen Application Reference Coal -
' : 2 |Mass & Energy Balance GE 7191 F Plant Full Load Predicted Gasifier Out
i ‘ 3 |Stream No. 1 2 3 4 [ ]
1 . 4 |Identification AR Coal Coal Fines Sized Coal CompAlr@ 241 AC Water @ 0.26
| 6 |From Tlinols #6 Sizer @ 30%|Combined Streams |Aux Compr &/or Booster Compr CoolingWater H20/,
H ¢ |To Stzer Briquetting Gasifier Gaslfier _ Gasifier Coal
} 7 |Gas Mol Wt 1b/hr wt % Ib/hr wi % Ib/hr wt % 1v/hr Wmol wt% mol% 1b/hr '
1 8
) 9 |CO 28.010 0 0.00 0.00 0.00
10 |[H2 2016 0 0.00 0.00 0.00%
11(CO2 44.010 188 001 008 0.09
12 |H20 18.015 2490 018 0.64 1.02 42251
13 |CH4 16.042 0 0.00 0.00 0.00
14 |C2H6 30.068 0 0.00 0.00 0.
15 |[H2S 34.076 0 0.00 0.00 0.
16 |COS €0.0%) 0 0.00 0.00 0.
17 N2 28013 293822 2168 1503 T
18 |Ar 39.948 s 144 038 13 0.
19 [HCI 36.461 0 0.00 0.00 0.
20 |[HCN 21.026 0 0.00 0.00 0.
21 |NH3 17.030 0 0.00 0.00 0.
22 |CS2 76131 0 0.00 0.00 0.
23 |SO2 64.09 0 0.00 0.00 0.
24 |[NO 30.006| 0 0.00 0.00 0.
25 |02 31.999 5968 683 2298 .
26 |[NaCl 58.497 0 0.00 0.00 0.
27 |KCl 74.996 0 Q.00 0.00 0.
28 |Total Gas (1b/hr) 391,630 2886 10000 100. 42251
29
30 |Volumetric Flow Rates (STP 14.7 psia, 59F)
31 |(aclm) 7,101
32 |(scfm) 85,691
33
‘ 34 |Heat (BTUND) 1315
35 |Cp (BTUNbF) 0250
36 |[HHV (BTUAMY) 10,776 10,776 10,776 0
37 |LHV(BTUNb) 10239 102% 16260 0
38 |Sensible Heat above
39 |59 F Btu/lb steam 0 0 0 126
40 |Latent Heat of
41 |Water Btu/lb steam 7
42
43 [Chemical Heat 1663.87 499.16 1734.09 0.00
44 |(LEV) MBtu/br
45 |Sensible Heat 0.00 0.00 0.00 .36
46 |above 59 F MBtu/hr
47 |Latent Heat 81.26 26.18 81.26 2%
48 |of Water MBtuhr
49 |TotalHeat{MBtwhr) 1751.12 525.34 1821.34 51.95 55.56
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia {
51
52 |C 12.011 97,680 60.11% 29304 60.11% 102,724 60.78%: 51
53 (H 1.008 6,776 417% 2033 4.17%) 6,776 4.01% mn 4,095
54 |0 16.000 12,301 751% 3650  1.51% 12,301 7.28%) 92,336 37,556
55 N 14.007 1918 1.18%| 5715 1.18% 1918 1.13%) 293,822 42251 [Total
56 |S 32060 4,600 288%| 1404  288% 4,680 27T1% 386,486 [Total
§7 |CL2 35.500 0 0.00%] 0  000% 0 0.00%| .
iy 68 |H20 18.016 2913 14.10% 6874 14108 22913 13.56%;
ta 58 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH 16250 1000%| 4875 1000%| 17,706 10.48%|
65 |Total Solids 162,502  10001%| 48751 10001% 16,018 100.00%)
‘ 66 |Total Flow (pph) 162,502 ¢ 48,751 169,018 391,630 42,251
67
68 |Total Flow (pps) 45.14 13.54 4695 108.79 11.74
& 8 |Pressure {psin} 47 4.7 47 350 - 350 *
70 |[Temperature (F) 59 9 39 564 ¢ 564 *




1o 1

P 1 o ] R 8 | T J o ] v T W I x] v T =z T Ax ] as ]| Ac [ap]
. Illinois #6 J-1538 DE-AC21-89MC26291 1
ifler Qutput 10/16/90 Revision 7 2
[3 Uncombl 7 8 9 10 §S scl/1b of coal 3
L ¥’ Ash Carbon|Fines (Char) Tar Dust(per RTI dia) |Miscellaieous Hot Gas with Tars 4
W H20/ | Gasifier 249% |[Gasifier @ 4.00%|Gasifier @ 6.00%|Final Cyclone Gasifier Heat Gasifier N2in coal ]
1 Coal ]Ash Silo Briquetting ___|HGcu ___|Reclaim —|Losses HGCU toNH3Conv _ 90.1%] 6
15/hr wt % Ib/hr wi% o/nr wi % id/hr wt % 1b/hr Ib/mol wt% mol%| 7
8
151,655 6® 2626 228 9
6,823 0.29 118 1426 10
61,867 286 1173 650 11
m 29,486 124 s.11 6ol 12
12,91 0.2 215 326] 13
2457 0.10 043 oxu| 14
4263 0.18 0.74 053] 15
1254 005 022 009| 16
294011 12% 5091 sau] I7
5,140 022 089 o4 18
0 000 000 aoo| 19
200 0.0t 0.03 003 20
1972 008 034 049 21
0 000 000 ooo| 22
0 000 000 oo B
0 000 000 ooo[ 24
0 000 000 0.00[ 25
0 000 000 000 26
0 000 000 aco| 27
= 577,521 24.34 10000 100.00{ 28
29
ST1,521 30
239717 31
149,856 32
33
1318 34
0.260 0260 026 0.260 019 35
0 10936 17,329 0 2,588.8 36
0 10936 16,571 0 23750 37
38
154 276 276 k 7X] 349 39
40
0 0 749 0 214 41
42
38.10 7109 161.57 0.00 1371.99 43
44
2.90 179 269 026 98.3 Wata/steam 201.37 45
jacket 46
0.00 0.00 730 0.00 22.9 Traversing 123.52] Gas HHV= 189 Boyscf | 47
Stirrer Estimated= &8 Bum | 48
836 41.00 7288 17156 026 121.1 Total 1696.49] Calculated= €9 Bub | 49
" psia & 17 tph (typical) Coal each: 6.7 {Unit Output (MWn) 220.0 MWn BukGm=  4.67% H20 50
1 Calc Comb Temp 218 51
, 2,628 13.92| 5044  T7.60% 8580  88.00% 95,103 95,1 0.00%; 52
] 0  000% 7%  8.00%) 14293 14294]  0.00%| 3
556 0  000% 195 2.00% 162,561 162,561]  0.00%| 54
251 0  000% 9%  1.00% 295740 2957 0.00%] [

0 0.00; 0  000% %  1.00% 4,680 4,681 0.02%) E3
0  000% Sub-Totals s12311| 51237 0.00%) S7
0  000% Sum of Sumof Gas | Mass S8
317 90 Streams Constituents {Unbalance 59
16 2 balance check 60
: 49 6 FERC Cycle Efficiency(g)= 48.54% 61
§ 0 0 FERC Cycie Efficiency(n)= 45.30% 62
: 16 2 63
: 16250 86.08] 1456  22.40%) (! 0 64
18,878 100 6,500  100.00%; 9,750  100.00% 819 100 [13
251 18,878 6,500 9,750 819 571,521 66
| 67
174 524 181 n 023 16042 68
350 ¢ 14.7 350 ¢ 350 * 280 280 69
sq+ €50 1120 1120 1300 1120 70




%
.
| H AE T AF 1 Aa 1 AR ] AL | A | ax [ a | m [ an] a0 | aAp | A0 AR |
‘ i 1 |Standardized IGCC Gasifier Cogen Application Reference Coal - Il
; 2 |Mass & Energy Balance GE 7191 F __ Plant Predicted Gasifier Out
| 3 |Stream No. 11 12 13 14
: . 4 |Identification Alr Bleed Alr Bleed Alr Compressor Discharge
i * 5 |From Atmosphere Compressor for Comp sssor
= ¢ _|To Gas Turbine Compressor Booster Compressor Cooler Coolant | Combustor
3’, 7 _|Ges MolWt | lbmr ib/mol wt % mol % ) Ib/mol wt% mol %| Ib/hr Wwhr b/mol wi% o
8
9 |CO 28.010 0 0.00 0.00 .00 0 000 000 000 o (] 0.00 0.00
10 |H2 2016 ()} 0.00 0.00 0.00 (] 0.00 000 000 () 0.00 0.00
11]CO2 44010 1,57 0.01 0.08 0.03} 188 001 005 003 1 1,199 0.01 0.08
12 |H20 18015 21,0m1 a.18 c.64 12 2,490 0.18 064 102 2% 16,041 0.8 0.64
13 |CH4 16042 0 0.00 0.00 0.00 0 000 000 000 0 0.00 0.00
14 |C2Hé6 30068 [} 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
15 |[H2S 4076 0 0.00 0.00 0.00 ()} 0.00 000 000 0 0.00 000
16 |COS 60.070 ) 0.00 0.00 0.00 [ 000 000 000 0 0.00 0.00
17 |N2 28013| 2487140 21.68 150 | sk 2168 5.3 T8 300,477| 1,992,840 21.68 750
18 |Ar 39948 43,343 0.38 131 0.95 $,144 0.38 131 o9s s 33,138 0.38 (k)
19 |HCI 36461 0 6.00 0.00 0.00 () 000 000 000 (] 0.00 0.00
20 JHCN 21026 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
21 |[NH3 17030 0 0.00 0.00 0,00 () 000 000 000 0 0.00 0.00
22 |CS2 76131 0 0.00 0.00 0.00 ] 000 000 000 0 0.00 0.00
23 |S02 “0% 0 0.00 0.00 000 0 000 000 000 (] 0.00 0.00
24 [NO 30.006 0 0.00 0.00 6.00 0 000 000 000 o 0.00 0.00
26 |02 31999 761,731 6.63 2298 2072 9,988 €638 s 20N 2ms| 519,716 €6 p-X" ]
26 |[N2Cl1 s8.491 0 0.00 0.00 0.00 0 000 000 000 0 0.00 0.00
27 |KCi 74.596 (] 0.00 0.00 0.00 0 000 000 000 0 0.00 0.00
28 |Total Gas (1b/hr) 3,315 060 28.86 100.00 10000 91,630 2886 100.00 100.00 400,500 ] 2,922930 2886  100.00
29
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(ncfm) 725392 14,003 90,208
32 |(scfm) 725,352 85,61 88259 | 592,030
33
34 |hgAdiabHeat(BTUND)
. 35 |Cp (BTUAL F) 0.240 0258 025
36 |HHV (BTUANV) 00 00 00
37 |LHV (BTUAY) 0.0 00 0.0
38 [Sensible Heat i
39 |above 9 F Btuw/Ib 0 169 169
40 |Latent Heat
4 1 |of Water Btuw/1b 7 7 7 B
42 :
43 |Chemical Heat 0.00 000 0.00 i
44 |(LHV) MBw/hr
45 |Sensible Heat 0.00 66.09 42573 i
46 |[above 59 F MBtu/hr i
47 |Latent Heat 2192 29 1668
48 |of Water MBtwhr '
49 |TotalHeat(MBtuhr) 1 66 44242 ;
50 Parassitic Load 16.64 MV
51 '
§2|C 12011 428 51 s 326 326
53 |H 1.008 2342 m uzl 1,782 1,70
4|0 16000 781,508 92,336 94,42 904,843 594,843
$6 N 14.007 2,487,140 293,822 300,477 1592840 1,892,840
56 |S 32060 0 0 0 o 0
57 |CL2 35.500 3,271,517 |sub-otale 386,485 s ) 395240] sub-otals | 2489792 2.489,792|
_ 8 |[H20 18.016 balance check
RERHE 50 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
’- 66 |Total Flow (pph) 3,315,060 91,630 400,500 | 2522930
67
68 |Total Flow (pps) 92085 * 10879 . 11125 70081
6 8 |Pressure (psia) 147 205 ¢ 208
70 {Temperature (F) 39 + 721 * 1




A& T o T T 5 [aw_ 1T & T & T A& T 8 88_] B0 | 0 | & ] o]
INinois #6 J-1538 DE-AC21-89MC26261 1

T Output Revision 7 10/16/90[ 2
) 15 16 17 3
Xharge Fuel %H2S  |Inlet Gas ThrmiNO (ppmvd) 25 [Exhaust Gas 4
HGCU Removed |GT Combustor *Rich/Lean Red.F  85% [Gas Turbine s

— GT Combustor 99.0%|GT Expander — —— (]
% mol% | mr  molhr wt % mol % 1%/hr 1%/mol mois wi% mol% Ibar  mols’hr wt % mol% 7
]

000 0.00 151,635 5414 2638 2.8 0 000 0.00 0.00 0.00; 0 0.00 000 0. 9
000 Q.00 67% 3,42 117 14.10 0 0.00 000 Q.00 0.00% 0 0.00 0.00 0.00{ 10
003 .0 61,867 1,542 11.80 691 348,992 wm 0.0026 11.27 7.4 349,182 .15 998 6.57) 11
064 102 32461 1,802 563 1.60 144,668 138 0.00 4.67 1.5 147214 817N 421 6711 12
Q00 Q.00 12,31 m 216 326 0 0.00 000 000 0 0 0.00 0.00 0.00{ 13
000 0.00 2457 [ +] 0.43 0.34 0 000 0.00 0.00 o. [ 0.00 000 0.00f 14
0.00 0.00 43 1 0.01 001 0 0.00 0.00 0.00 Q. (/] Q.00 000 0.00{ 1S
Q.00 0.00 13 0 0.00 0.00 0 0.00 0.00 Q.00 1 0 Q.00 0.00 0 16
0 TI28) 294011 10,496 S1.14 44.28) 2188220 2048 0.0252 70.64 nia 2488,697 8884079 .14 73. 17
L 093 5,144 129 0.8 0.4 38282 0.36 0.00 1L.24 Q! 43,542 1089.97 124 0.90{ 18
000 0.00 (/] 0 0.00 0.00 0 000 0.00 0.00 0.00 0 0.00 000 con 19
000 0.00 200 7 0.03 003 0 0.00 0.00 a00 0.004 0 0.00 0.00 0.00y 20
Q00 0.00 1972 116 034 0.9 0 000 000 0.00 0.004 0 Q.00 000 0 21
200 0.00 /] 0 0.00 0.00 0 0.00 0.00 .00 0.00 0 Q.00 0.00 0. 22
200 0.00 0 (] 0.00 0.00 o4 0.0009 0.0000 0.0030 00014 o4 146 0.00 0.00{ 23
200 0.00| 0 0 0.00 0.00 16 0.0072 0.0000 0.a248 0 7% 235.63 002 0. 24
198 2072 ] ] 0.00 0.00 Y76 ,8%9 38 0.0038 1217 1. 468,826 14653.14 1340 12.14] 2§
100 0.00 0 0 0.00 0.00 ] 0.00 0.00 0.00 0.00 /] 0.00 0.00 0.00{ 26
100 0.00 0 ] Q.00 0.00 (/] 000 0.00 0.00 0.00 0 0.00 0.00 0.00{ 27
100 100.00 574 9% 23,704 100.00 100.00 3,197,880 2900 0.0345 100.00 100.00; 3498380 12071692 10000 100.004 28
3097 884 bal &k 3,498,384 bal ck 29

30

24,854 268214 2221229 31

149,658 674,536 762,169 32

33

34

03 0284 0.267 35

2,5489 0.0 0.0 36

2,3300 0.0 /] 37

38

375 636 39

40

219 49 44 41

42

1339.65 0.00 0.00 43

44

2152 1971.63 974.94 45

45

jrafl v 15045 153.10 47

48

1680.79 212208 212321 bal chk 1128.04 49

I Mwg [__Combustion Turbine Output__ 150,427 MWg ] 1.06 Turbine Compressor Surge Margin _| 50
S1

§ 0.00% 94,854 95,180 95,1 0.00% 935231 935131 0 §2

J 0.00%; 14 16,074 16,074 0.00%: 16,357 16,357 0.00% §3

) G.00%; 164,875 799,718 799,723 0.00% 854,151 834,151 0.00%; 54

) 0.00%) 298, 2188579 21 0.00% 240356 24805 0.00% S§S

' 0.00%, 47 47 41 0.10%; L 4 0.00%] 56

! 0.00%; 369, sub-sotal 3 059,998 3,059,603| 0. sub-total JASAB2 3434840 0. sub-total 57
ik balance chock balance check 58
59

60

61

62

63

64

65

574,950 3,097,880 3,498,380 66

67

19.71 860.52 91.717 68

219.7 197 » 15.13 69

1180 2,300 ¢ 1101 ¢ 70
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1_|Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6
2 |Mass & Energy Balance GE 7191 F Predicted Gasifier Output
3 |Stream No. 18 19 ThrmiNO (ppmvd) 28 20 21
4_|Identification Fuel for Supplementary Firing Flue G SCRRedF 80% | Superheated Steam | Low Pressure Steq
5 |From Gasifier HRSG RLRedF 85% HRSG HRSG
¢ |To HRSG _Stack NOx ReburnF 0% Steam Turbine Steam Turbine
7 |Ges Mol Wt v/hr 1b/mol wi % mol% Ib/hr  wmols/br wt % mol % Ib/he d/hr
8
% |CO 0 6% 2626 ns 0 0.00 0.00 0.00
10 |H2 0 0.29 118 142 0 0.00 0.00 0.00
11]CO2 0 286 1175 6 9,182 9U.1S 9.98 65
12 |H20 0 L2 1 & w1214 nM 421 &7
13 JCH4 0 0.2 218 32 0 0.00 0.00 0.00
14 |C2Hé6 0 0.10 0.43 0.34 o 0.00 0.00 0.00
16 |H2S 0 018 074 0.53 0 0.00 0.00 0.00
16 |COS 0 0,08 on 0. 0 0.00 0.00 0.00
17 N2 0 129 so91 44.24] 2,488,697 8834079 71.15 73.61
18 |Ar 0 on 0® 0.54 43,542 108997 b7 0.0,
19 |HCi 0 0.00 0.00 1 0 000 0.00 0.00
20 |JHCN 0 0.01 00 0.03 o 0.00 0.00 0.00
21 |NH3 0 0.08 03 04 0 000 0.00 0.00
22 |Cs2 0 0.00 0.00 0. [} 0.00 0.00 0.00{Stack Emissions (yMBtu)
23 |S02 0 0.00 0.00 0. ™ 146 0.00 .00{0.053
24 |NO 0 0.00 0.00 o 154 513 0.00 0.00{0.09
25 |02 0 0.00 0.00 o 468,886 1465314 1341 1214 2
26 |NaCl 0 L 0 o ° 000 0.0 a0 !
27 |[KCi 0 0.00 0.00 Q 0 0.00 0.00 0.00,
28 |Total Gas (Ib/hr) 0 24.34 100.00 100. 3,497,763 120696.42 100.00 100.00 :
29 | 3,497,769 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, 59F) |
31 |(aclm) 0 1,043,949
32 {(scfm) 0 762,039 |
33
34 |Heat (BTUND) 1490.1
35 |Cp (BTUML F) 0334 0.249
36 [HHV (BTUAND) 2548.9 00
37 |LHV (BTUADL) 23%.0 0
38 {Sensible Heat above
39 |59 F Btu/lb steam 0 I
40 (Latent Heat of :
41 |Water Btu/lb steam 0
42
43 |Chemical Heat 000 000
44 |(LHV) MBtwhr
45 |Sensible Heat 000 16692
46 |above 59 F MBtu/hr
47 |Latent Heat 000 153.10
48 |of Water MBtu/hr
49 |TotalHeat(MBtuhr) 000 32003 62795 |
50 HRSG Turbine Ou
51
§2|C 12011 0 95,231 93231 0.00%
53 [H 1 0 16357 16387 0.00%;
54 |0 16 0 853,823 85313 0.00%
§5 [N 14,007 0 2,488,769 24887651 0.00%
56 |S 32 0 47 47 0.00%)
57 |CL2 38, Olsub-total 3454221 34 0.00%} sub-total
§8 |H20 18.01
59 |ZnFe204
60 |ZnS
61 {FeS
62 |Fe2C3
63 {ZnO
64 |ASH
65 |Total Solids
66 |Total Flow (pph) 0 3,498,380 421,416 1
67
68 |Total Flow (pps) 0°* NN 17
69 |Pressure (psia) 2197 14.7 u‘;:l
70 [Temperature (F) 1180 251 * 1000¢
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A
remure Steam
HRSG
‘amTurbine

2
Make Up Water
WaterTreatment

<
Sat. Steam
Gasifier
HRSG

24
Process Stm

Stm Turbine
Process Facility

HRSG
~ thr

b/r

1b/hr

olelalalwlaluvle .-g

1214.5

83.22 2.68

9825

Turbine Output 86.2

MWg

425

90,780 55923

96,703

349%

19.66 15.53
350 15
432 %0

26.86
3%

432

972
250

420



LR T W VTR it e e T e Ve ™ e e T L bk L R il ke e e e e b we Ve WE ey a el ek N L e VB e N Btk N e

w1 & | & [ cA ] o | o [ @ [ & & | @ [ oi ] ci
Standardized IGCC Gasifier Cogen Application Reference Coal - Illinois #6

Mass & Energy Balance GE 7191 F Predicted Gasifier Output
Stream No. 25 26 n 27a
Identification Regen Recycle Loop  |Conc 802 Bleed Elemental Sulfur Elemental Sulfur
From Recycle Biower Regen Loop Resox Process DSRP

To Regenerator SRP Marketable Byproduct Marketable Byproduct
Gos Mol Wt Ib/hr wi% Ib/hr  lbe/mol mol/hr wit% mclh Ib/hr wi% Wb/hr

.c, et b s AR R

0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.02 0.4 0.05 004
020 13.61 oa 1
0.00 0.00 0.00 0.00
0,00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.0 0.00 0.00
2410 105912 4.8 %0
0.00 0.00 0.00 0.00 |
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 .00 ‘
0.00 0.00 0.00 0.00 :
752 460 DY 174
0.00 0.00 0.00 .00
035 13.49 109 109
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00
2.19 1231 100.00 100.00

;owﬂomhun -

26 0.05
294 [+

b

ooooogoooOugoo

356,0% 74.81

¥

Nttt ot jab ot ]at et
oloe|s|wajn|ajulm]e
(@]

o
@

%

g

111,154 23.5

¥

~
S
F4
(=]

~
*n
[®]
©

S,164 1.09

£

»
co8ec

Total Gas (1b/hr) ' 473,577 100.00

:

NN
LIL IR

Volumetric Flow Rates  (STP 14.7 psia, S9F)
(acfm) 16,118 1,318
(scfm) 93,283 7,714

Wl
Ni=iO

«
«

Heat (BTUND)
Cp (BTUNL F) 0240 0.240 0.000 0.0¢
HHYV (BTUNDL)
LHYV (BTUNDb)
Sensible Heat above
59 F Btu/Ib steam
Latent Heat of
Water Btu/lb steam

Wi
»nin

(%]
[ J

[~31%)
®I~N

alhiaid
NijwlOl®

Chemical Heat 18.43 184
(LHV) MBtu/hr
Sensible Heat 153.04 11.80 0.00 ad
above 59 F MBtu/hr
Latent Heat 3.06 026 0.00 .1l
of Water MBtuhr
TotalHeat(MBtuwhr) 156.10 1206 18.43 18

alaln
niaiw

»
a

E 3T JE)
ojmi~

C 12.011
H 1.008}
o 16.000;
N 14.007
S 32.060) 4531 4.6
35.5001 .
H20 18.016}
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nin
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Total Solids
Total Flow {pph) 478,571 39,627 4,631

2

i
@iN|n|aiWIN

Total Flow (pps) 13209 1101 129 1
Pressure (psia) 204 294 1§
Temnerature (F) 1400 1300 4 N 1

AR Loals

~Nio
-8 ]
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‘Mbaiter

§0O2 Recovery Unit

1lm||ct Marketable Byproduct
To/hr

27
Sulfur Dioxide e

Ash

Dis
1

28

SO2 Reductor

14

wi%

0.0004

0.000

134

o

s:azaﬂsssqsxuxuﬂaq==dd;:dd=50~«aw4w»—9

l&“r
0.00]
0.001

18.43

1843

0.00

0.00

18.43

6.66

0.00

000

6.66

0.4

a[s]a]2e]al2f2]<]e]

4,631

4,631

$,263

459

16,250
16,709
16,709

100
100

129
15
190

2.57
100

4.64
15
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50 MW Utility Cycle
General Electric
LM 5000 PC

Page C-9
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3TPRO .21 Michael Brown 1@-13-19%2 11:15:27
IGCC ez — S@ MW UTILITY CYCLE
SENERAL ELECTRIC LM S@@da PC

. ESTIMARTED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 12@ % rating, XIGV= @

3ite ambient conditions: 14.7 psia, 59 F, 6&6@ % RH
Inlet loss= 4 inch HZ0, exhaust loss= 1@ inch H20
Zvap. inlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = 2

Compressor efficiency reduction % = @

Turbine efficiency reduction » = @

Maximum firing temperature excess over base load = @3 F
Combustor % pressure loss (@ means rnominal value) = @

Combustor inefficiency + heat loss % (@ means rominal value) = @
Coolivg air ivcrease % (@ means romival value) = @

Process air bleed location (B means none) = 1

Process air bleed 4 of inlet = 8.94

s ot e S0 B Bt e i it 44048 A0ea0 S AR 000 o S e LAt s A ey o S Saaet (o e SO S St o s S Sy it A S Y (e i oS St VS S TS S i M St SO SOt S oo e Sty S0t S i T St S S e St S Y o S s Sa0de S S o St S (oot S

# Model PR TIT TET Mair ke H.R.LHY Mex NEZ+Ar oz coz Hz0
F F kpph BTU/kWh kpph % % % %

e - s i et senen coove St St e tootn o s St et S Mo S e s S0 S S G S T St TSR SO ) SO Momd Bede® S0 e D S S4meD s S St Sdd 4030 0S8 S So0ne e S00SR Gt SV (SRR Teade Gl SO M GBS S GO S b e RS ST ST S SO s S e et FERSS S S ot St M S bt S0OPE

‘M/TGSIZHZIZIPC 25.8 2192 848 262 323690 120133 1003 735.38 14.20 S.03 5.39

Fuel flow = 126 kpph
~uel pressure reqd.= 507 psia, compressor power= 1720 kWe
G.T. auxillary power = 169 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFL.OW M. W. MOLE COMPODSITION *%

F psia kpph N2+Ar oz coz Hz0
Ambiewt air in 59 14.72 ES. 44 =8.75 78. 22 =@, 74 .23 1.@4i1
Compr. inlet 59 14.55 6. 44 =8.75 78. &2 2@. 74 .23 1.@1
Turbine coaolant Mmisc. 165. 02
Process air bld 945 375. &2 86. &4 =28.75 78. 22 2. 74 Q. a3 1.a1
Compr. disch. 245 3279. 62 711.37 z28.75 78.2& 2. 74 .43 i.21
Turbine inlet =19a I6@. 39 837.64 =8.87 74. 82 1z.91 &. a1 6.2
Turbire exhaust 848 15. 26 1202.67 8. 85 75. 28 14. 2@ 5.23 5. 39

Compressor= 61599 Turbine= 96324 Mech. loss= 347 kW
Turbine coaclant= 17.1 % compr in

GT specific power B gen term= 35 kW per kpph

GT efficiency B gen term= 322.99 % HHV = 33.68 % LHV




S3TRPRO E.321 Michael Brown 18-15-1992 11:135:27 Gas Turbine p.:2

GRS TURBINE/GENERATOR HEAT BALANCE
gy in = 1266801 BTU/s
[nlet air Inlet air Water Steam Fuel
Sensible Latent Ing. Ing. HHV
176@ 178 ') @ 123261

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Lass Sernsible Latent Output Air
see 221 @ 658 =8313 2853 31334 5651

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Heat Ralarce Error = In — 0OQut =-355@ RTU/s =-.51& *




SGTPRO Z.21 Michael Brown 12-15-1992 11:15:3
IGCC &2 - 5@ MW UTILITY CYCLE
GENERAL ELECTRIC LM Saaa pPC

Induction

‘: & Subtype: 2

3]

Steam cycle p.1

psia F ETU/1b kpph BTU/s-F BTU/s sq. ft
Crnd vtrn Q.74 87.37 S5. 38 131.976
Makeup 17.89 81, 2d 48. 12 . 263
FW supl 17.83 87. 44 S99. 45 134.23
LTE 134,239 1e =228 €98
from LTE 17.2@ 15@. 22 117.88 134.239
LPE 9.768 3 cec 12873
water bleed 18.81@
htd. FW 17.2@ o2, aa 188.13 115. 429
HPFW 1a11.93 mEd. 8 191.91 86. 332
HPE1 86. 332 48 3051 ZRQ686
& 973. 01 243. 33 218. 85 2. 200
HPES 86. 332 1a 1195 41181
7 T4, 21D 388. 76 268.35 2. 2R
HPEZ 86. 35322 49 347 =SRQzE87
8 955.58 S916. 40 Sl@a. 29 2. 207
Blwdn 935.58 S36. 42 S532. 5@ 1.697
HPEB 84.836 183 16146 €£9433
3 935. 58 S36. 410 1194.99 A, 2R
HPRS1 84,836 @ @ @
1 935.58 S36. 410 1194.39 &, 22
‘ 84. 836 44 4819 21337
1 8393. e 816, ag 1399. S 2. aaa
Into HPT B8€5.00 82@a. 2@ 1397.61 84.836
bef addn 450,022 £57.33 1338. 96 84.836
HPT addn 45@. 202 457. 00 1223, 71 18.81@
aft addw 4502, 22 613.81 1314.78 123. 646
HPT axit 115. @@ 376. 1a 1211. 32 123. 646
IPFW 129. 36 oo, 29 188. S6 8. 837
IPE =8.837 11 85s 4774
1 124,38 323. 929 =95. 11 2. 2g@
Blwdn 124,38 243. 99 315. 62 . S67
1PE =8. 330 95 7a6a 37433
= 124,28 243,99 1131. 86 2. 12212
IPS1 Z8. 330 = A 833
3 i24.38 288. 76 1217. 321 2. 2
IPRSE =8. 3318 1z ez 591
4 113. 6@ S536. 40 1296. 24 2. 222
Into LPT 115,02 46. 54 1289, Bz 131.976
LPT exit Q.74 921.357 2973.71 131. 376



JTPRO Z.31 Michael Brown 12-15-19392 11:15:33 Steam cycle p.2

STEAM TURBINE

No. of steps Exit Quality Efficiency (%) Work (kW)
To HPT additn & 1.174
Ta HPT exit 4 l.a2 79.33 4594
To LPT exit 13 0.877 T77.47 2874
Oross power = 14469 kW. Mech/Elect lasses = 579 kW.
Jenerator autput = 138920 kWe. ST auxiliaries = 97.& kWe
Boiler feedpumps = 111 kWe
CONDENSER
P T h m

psia F BETU/1b kpph
LPT exit @.7365 91.57 973.71 131.98
Saturationm @.7365 91.57
Condensate well 2. 7365 87.57 55.58 121.98
Coolirng water in 6£5. 2@ 8@278. 11
Conling water out 8. & 8;78.11
V\QET" of passes= 1 UA= 1868 BTU/s-F Surface area = 9138 sq.ft
Tubes: OGD = 1 in Length= 28.6 ft riumber= 305

Cooling water: Velocity= 39 ft/s DP = 9.2 psia Pumps = 91.1 kWe.

STEAM CYCLE HEAT EBALANCE
Ernergy in = 74532 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sersible Latent Fuel HHV Return Wonr ke Steam

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proec. Electric
Radiated down Losses Sens. Latent C.W. Steam Ingec. Water Output
79 Sl 43 15289 29833 33659 a Q 283 13166

Zero enthalpy: dry gases & liguid water @ 32 F (273.15 K)
i~' Balarce Erroer = In - Qut =-.297 BTU/s = Q2 %




3TPRO 3.31 Michael Brown 10-15-1990 11:15:33 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

. Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/IP  HP/IP F  inch H20 BTU/s-F ETU/s ft/s  Rows ft
1 B843.8 B806.@ 37.8
110. @ 1.2 44,2 HBET.E  S57.4 4.6 1.9

89. 1 3.5 183.@ 16307.& S@0.9 14.8 6.2

SS6.4  S36. 4 20.0

3 SS6.4 S16.4 4. @

3 S556.4 S36.4 ZQ. @
6E. 5 1.1 E1.2  4QEE.7  44.6 5.6 2.3

499.9 388.8 111.&

499.9 388.8 111.&

4 499,99 388.8 111.2

4  499,9 388.8 111.7%
123. 3 Q.2 11.4  14@8.9 4&.9 1.2 Q. 4

480.3 344.0  136.3

480.3 344.@  136.3

S5 48@.3 344.2  136.3
75.3 1.4 94,7 7130.7 4@, 2 8.@ 3.3

‘ I80.0 344,10 36.0

€ 380.@ 344.Q 36.Q

& 382.2 324.@ S56. @
6E. 4 2.9 S9.4  3945.5  36.6 5. 4 2.3

324,03 220.8 103,

324,20 280,01 123.9

7 3S4.@ 2202 1Q4.0
83.7 @. 4 31.6 2645.7  34.5 2.7 1.1

286.3 SE20.0 €E6.3

8 E=B6.3 1S@0.@  136.3
150. 3 Q.2 15.6 £351.4 32.9 1.5 2.6

oo cemme coten et g oo v o Saran e St e g et S oot St Vo A St e oot S et S v St 4 S bt S RS e St Pamnt Seme e Svaae GO Semew Seers ey Fasew FHETS FTTSS OO Sy SeSES SFORS S Aaren STEWR $e%® P e Some eSS M S e S o e o S Sob T $oo Saame S RS S S S SRS St Sntn Satat e

Duct burner fuel= 8 kpph
Gas mole composition: 75,4 %N2+Ar  14.8 %402 S.03 %C0z2 S5.39 #4H20D .@@s %S0z

Flue gas dew point = 84 F M.W.= =28.8
' HRSG TOTALS Ecormomisers Evapaorators Superheaters TOTAL
Q BTU/s 12836 25825 5637 42301
UA BTU/s-F 134 329 S8 Sl
sq. ft 6836 119747 Zsase ZR46E6T

Prime surface= 11985 fin surface= 192739 sq.ft. Averaged fin eff.= .72
HRSG frontal area = 3180 sg. ft. Gas mass flux= 6.42 kpph/sqg.ft

HRSG length = 18.&8 ft, 43.7 tibe rows, 744 ft of tubes per row.

2 in dia. tubes with serrated fins, staggered arrangement.

Fim thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .a7

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.9




GE LM 5000 PC
Water cooling
air to coal ratio 2.41 air pressure 375
water coal ratio 2.251 air temperature 945
air to water ratio 9.60 water temperature 80

air
water

1b wt 2 wmols mol X partial

pressure
9.60 90.57% @.33 85.74% 321.353
1,80  S.43% 0.86 14.26% 53.47 sat temp 285

Temperature of combined stream entering boost compressor

490,15 F sat pressure 247 psia Rel. Hum. 21.69%

Temperature of stream exiting compressor (89% comp eff)
Tf = Ti + (Ti/n¥{(PF/PD)*U{k-1)/K)-1D)

where

Ti - inlet temperature - 400.15 F - 860.15 R

n - efficiency - 83.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 458 psia

Pi - initial pressure 373 psia

If = 432.66 F

Cp air  0.248
Cp water 1.008
Cp stean 0,435



A ] ] jel o | E F 1. 6 ] H T 1 | J [« | v 1 ™ | N 1 o
1+ |Standardized IGCC Gasifier Utility Application Reference Coal -
2 |Mass & Energy Balance GE LM 5000 PC Plant Full Load Predicted Gasifier Ouf
3 |Stream No. 1 2 3 4 [
4 |Identification AR Coal Coal Fines Sized Coal CompAir@ 241 A/C Water @ 0.26
5 |From Illinols #6 Sizer @ 30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water  H20V|
6 |To Sizer Briquetting | Gasifler _ Gasifier . Gasifier Coal
7 |Gas Mol Wt Ib/hr wi % Ib/hr wt % Ib/hr wt % 1b/hr Ib/mol wiL% mol% b/hr
8
9 |co 28010 0 0.00 0.00 0.
10 JH2 2016 0 0,00 0.00 0.
11]CO2 44,010 41 001 0.08 0.
12 |H20 18018 547 o.18 0.64 1. 9219
13 |CH4 16042 [ 0.00 0.00 0. |
14 |C2H6 30.068 o 0.00 0.00 0.
156 |H2S 34,076, 0 0.00 0.00 0. ;
16 |COS 60.070 0 0.00 0.00 0. i
17 |N2 20013 “us3 216 1503 T ]
18 |Ar 39.948 110 a3s 13 093 T
19 JHCI 36461 0 0.00 0.00 0.004
20 |HCN 21.026 0 0.00 0.00 0.
21 [NH3 17.030 0 0.00 0.00 0.
22 |CS2 76.131 0 0.00 0.00 0.00}
23 |SO2 64.09 0 0.00 0.00 0.004
24 [NO 30,006 0 0.00 0.00 0.00}
26 |02 31.999 19763 663 2298 2072
26 |NaCl $8.497 0 0.00 0.00 0.00!
27 |[KCl 74.596 0 0.00 0.00 0.00
28 |Total Gas (1b/hr) 86,008 2886  100.00  100.00 9279
20
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) 1081
32 |(scfm) 18319
33
34 |Heat (BTUND) 1257
35 |Cp (BTUAbF) 0246
36 |HHV (BTU/b) 10,776 10,176 10,776 0
37 |LHYV (BTU/Y) 10,2% 10239 10,260 0
38 [|Sensible Heat above
39 |S9 F Btu/lb steam 0 0 (] 91
40 |Latent Heat of
41 |Water Btu/lb steam 7
42
43 |Chemical Heat 365.41 109.62 380.83 0.00
44 {(LHV) MBtu/hr
45 |Sensible Heat 0.00 0.00 0.00 [ &)
46 |above 59 F MBtwhr
47 |Latent Heat 19.16 578 19.16 0.57
48 |of Water MBtuhr
49 |TotalHeat{MBtwhr) 384.57 15.57 400.00 891 11.66
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 450 psia ¢
51
52 ]|C 12011 21452 @11%] 643 60NN 2250 60.78%! 1
§3 |H 1.008 1488 4.17%) “s 41 1,488 4.01%; 61 1081
54 |0 16,000 2,702 7151% 310 71.57% 2702 7.28%; 20279 88
55 IN 14.007 a 1.18%] 126  L18% a 1.13% 64,528 9279 [ Total
56 |S 32060 1,028 2.88% 08 288% 1028 2.7T71%; 84,578 [ Total
57 |CL2 35.500 0 0.00% 0  0.00% 0 0.00%; .
68 |H20 18016 5032 14.10% 13510  14.10% 5032 13.56%)
59 {ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH 356 10.00% 1071 10.009%| 3,89 10.48%
65 |Total Solids 35688  10001%] 10706 100.01% 37,119 100.00%;
66 |Total Flow (pph) 35,688 10,706 37,119 86,008 9219
67
68 | Total Flow (pps) 9.91 297 1031 23.% 258
69 |Pressure (psia) 147 14.1 14.7 450 * 450 ¢
70 jTemperaiure (F) » 5% 53 453 453 ¢
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al- Illinols #6 J-1538 DE-AC21-89MC26291 1
ifier Output 10/16/90 Revision 7 _ 2

6 Uncomb 7 [} 9 10 §S scl/1b of coal 3

» 0.26 Ash Carbon|Fines (Char) [Tar Dust(per RT1 dia) |Miscellaneous Hot Gas with tars 4
Mer  H20/ | Gasifier 2469% |Gasifier @ 4.00%|Gasilier @ 6.00%|Final Cyclone Gasifier Heat Gasifier N2 ia coal §
L4 Coal |Ash Silo Briquetting __JHGCU Reclalm Losses HGCU to NH3 Conv 90.1%| 6
1b/hr wt % 16/hr wi% Ib/hr wt % 1b/hr wi% /mr  1b/mol wt% mol%! 7

8

33,306 63 2626 2m| 9

1,498 029 118 1426[ 10

14,903 28 1178 6s0] 11

9219 6476 124 1 6s0| 12
2721 0.:2 218 32s] 13

40 0.10 0.4 03¢ 14

936 0.18 0.74 095 15

718 0.08 022 009 16

64,569 129 3091 44u] 17

1,130 o 0.89 os4[ 18

() 0.00 0.00 ooo[ 19

“ 0.01 0.03 003| 20

4 0.08 0.34 o] 21

0 0.00 0.00 000 22

o 0.00 0.00 ooo| 3

0 0.00 0.00 ooo| 4

0 0.00 0.00 o.00| 2§

0 0.00 0.00 o.00| 26

0 0.00 0.00 ooo| 27

9219 126,833 24.34 10000 100.00{ 28
29

126,833 30

3268 31

32911 32

33

1257 34
0.260 0.260 026 0.260 0129 35

0 10936 17,329 () 2,5888 36

0 10936 16571 0 23750 37

38

154 276 276 m M9 39

40

0 0 1% 0 214 41

42

237 15.61 3548 0.00 o122 43

44

0.64 039 059 006 19.1 Water/steamn “n 45

jacket 46

0.00 0.00 1.60 0.00 4.5 Traversing 21.13[ Ges HHV= 199 Bovscd | 47

; Stirrer J7&w 28 Bub | 48
. 1166 9.00 1601 31.68 0.06 23.6 Total 372.58] Cakulated= @3 Bavh | 49
T psia & 17 tph (typical) Coal each: 1.5 [Unit Output (MWn) 45.1 MWn BukGas=  391% H20 50
Cak Comb Temp (F) 2220 §1

; 7] 13.9) 1,108 77.60%) 1,884  88.00%| 20,886 0.00%) 52
;1,001 0 0.00% m 8.00% 3,139 31 0.00%; 3
_!& 0 0.00%) 4 200% 35,701 35,701] 0.00%; 54
9219 [Tounl 0  000% 21 1.00% 64949 0.00% [
! 0 .00} 0 000% 21 1.00% 1,m8 1028| 0029 [ 56 |
0  000% Sub-Towals| 125,703 125,703]  0.00%; 57

o 0.00% Sum of umof Ges | Mass 58

v 162 90| Streams Constituents [Unbalance 59

4 2 balsnce check 60

1 6 Cycle Efficiency(g) = 42.23% 61

0 0 Cycle Efficiency (n) = 40.05% 62

s’ 4 2 63
; 3,569 86.08] 320  2240% 0 0 64
4,146 100 1428 100.00% 2,141  100.00%) 180 100 65

9219 4,146 1,428 2,141 180 126,833 2
248 115 040 0.59 005 35.23 68
. 450 ¢ 14.7 450 450 * 451 451 69
Pr £ 1120 1190 1300 1120 70
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1 [Standardized IGCC Gasifier Utility Application Reference Coal - 1i
2 |Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Ou
3 |[Stream No. 11 12 13 14
. 4 _|Identification Alr Bleed Alr Bleed Alr Compressor Discharge
’ 5 |From Atmosphere Compressor for Compressor ‘
) é_|To 1 Gas Turbine Compressor Booster Compressor Cooler Coolant Combustor
7 |Ges Mol Wt 1%hr 1b/mol wt % mol % [} Ib/mol wi% mol% 1b/hr 1/br b/mol wi %
8
9 |CO 28.010} 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
10 |H2 2016 [} 0.00 0.00 0.00 0 0.00 0.00 0.00 0 0.00 0.00
11]CO2 44010 4% 001 0.0% 0.0 a1 0.0t 005 00 7 w7 0.01 0.05
12 {H20 18.013 6119 0.18 0.64 1.02 47 018 064 1.02 1,04 4523 a1s 0.64
13 |CH4 16.042 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
14 |C2H6 30068 0 0.00 0.00 0.00 0 neo 000 000 0 0.00 0.00
. 16 |H2S 34076 0 0.00 0.00 0.00 0 000 000  0.00 (] 0.00 000
16 |COS €007 0 0.00 0.00 000 0 0.00 000 000 0 0.00 000 |
' 17 |N2 3013 T206 2168 5.0 .28 608 2165 7503 TI28 1238100 533,728 216 7503 |
' 18 JAr 39948 12,641 0.38 1N 095 1,130 038 131 099 21 9,344 0% 1n
: 19 [HCl 36461 0 0.00 0.00 0.00 ] 0.00 000 000 0 0.00 0.00
20 |HCN 21026 0 0.00 0.00 0,00, [ 0.00 000 0.0 0 0.00 0.00
21 |[NH3 17.0%0 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
22 |CS2 76131 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
23 |SO2 “ON 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
24 [NO 30.006 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
25 {02 31999 221,145 663 2298 20.72 19,763 €63 29 2072 37191 163,463 (1] 2298
26 |[NaCl 8497 0 0.00 0.00 n.00 0 0.00 000 000 0 0.00 0.00
27 |[KC1 74.596 0 0.00 0.00 0.00 0 0.00 000  0.00 o 0 0.00 0.00
28 |Total Gas (1b/hr) 962424 28.86 100.00 100.00 86 008 2806 100.00  100.00 165m4] 711,92 2886  100.00
29 '
30 |Volumetric Flow Rates (|S‘l'l' 14.7 psia, S9F)
31 |(aclm) 210,583 1,994 16,491
32 |(scfm) 210,583 18,819 36,367| 155,656
33
34 |hgAdiabHeat(BTU/ND)
. 35 |Cp (BTUAL F) 0.240 0262 0262
36 [HHV (BTUN; 00 00 00
37 |LHV (BTUAND) 00 00 00
38 |Sensible Heat
30 |above 59 F Btw/1d 0 n2 m2
. 40 |Latent Heat
41 |of Water Btullb 7 7 7
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtwhr
45 |Sensible Heat 0.00 19.98 16524
46 |above 59 F MBtu/hr
47 |Latent Heat 6.36 0.57 470
48 |of Water MBtuhr
49 |TotalHeat(MBtwhr) 6.36 2055 16995
§0 Parasitic Load 245 M
51
§2]|C 12011 124 1 21 ] (9]
53 |H 1.008 680 61 117 503 503
' 54 |0 16.000 226913 2021 38,909 161,78 161,128
‘ 556 [N 14.007 122063 64,928 123,810} 533,728 533,72
66 |S 32060 0 0 0 0 0
57 |CL2 35.500 949.783 | sub-sotals 8 ] J 162,856] sub-sotals 02,048 702,048
) 58 |H20 18.016 balance check
:;3)%7} 59 |ZnFe204
s 60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
. 6 6 |Total Flow (pph) 962,424 86,008 165,024 711,392
67
: 68 |Total Flow (pps) 261.34 * 2389 . 4584] 19761
69 |Pressure (psia) 147 ¢ 376 * 376
70 |Temperature (F) 59 ¢ 945 * 94




[ AS__ | ATV AU ] AV | AW | AX AY_ | Az BA B8 | _©Cc | ©0 ] BE | BF [
Illinols #6 J-1538 DE-AC21-89MC26291 1
Output Revision 7 10/16/90} 2
16 17 3
Jarge Thrmi NO(ppmvd) 25 |[Exhaust Gas 4
Removed [GT Combustor *Rich/Lean Red. F  85% |Gas Turbine S
nder [
1 e T R Y S B TY T L T
of fuel 8
0 000,  33,%6 1,189 2638 nul 0 000 0.00 0.00 0.00] 0 0.00 0.00 000 9
0 0.00) 14%0 ™ Ry} 1410 0 000 000 0.00 0.00 0 0.00 0.00 0.00{ 10
08 003 1498 3% 1190 651 76119 265 00021 9.16 6.03 16,91 174499 7.66 504 11
“ 12 119 396 s.68 7.60 nm 113 000 9 6. NQ 187137 337 s4a2| 12
0 ool 27 170 216 126 o 0.00 000 a0 @ ) 000 000 0.00{ 13
100 0.00 s 18 04 oM 0 000 000 0.00 o 0 0.00 0.00 0.00{ 14
00 0.00 9 0 o0t 001 0 000 0.00 0.00 o 0 0.00 0.00 0.00{ 1§
00 0.00 3 0 0.00 000 0 0.00 000 0.00 0 0 0.00 0.00 0.00{ 16
.} 71128 @ 2,58 L4 “a| Me.%6 2070  0.025% 7146 7. 722406 2578824 7203 74.46] 17
N 099 1,13 b} 0% 054 10,474 036 000 125 091 12,641 316.44 126 o91] 18
100 0.00 0 0 0.00 0.00 0 0.00 000 0.00 (Y o 0.00 0.00 0.00{ 19
100 0.00 “ 2 00 00 o 0.00 000 0.00 o 0 0.00 0.00 0.00{ 20
100 0.00 %) 2 oM 0.5 0 000 000 0.00 o 0 0.00 000 o.cof 21
100 0.00 0 0 0.00 0.00 0 0.00 0.00 0.00 o [ 0.00 0.00 0.00{ 22
100 €.00| 0 0 0.00 000 21 00007 00000 Q0025 00011 b3 032 000 0.00{ 23
100 0.00 0 0 000 0.00 168 00058 00000 O@O0 00193 168 359 o0 o] 24 |
198 2072 0 [ 000 000] 118913 411 0.0044 1420 1285] 156832  490L1S 15.64 14.15] 2§
100 0.00 o 0 0.00 0.00 0 000 0.00 0.00 0.004 0 000 000 0.00{ 26
200 0.00 [ () 000 0.00 [ 0.00 000 0.00 0.00 0 0.00 0.00 0.00{ 27
100 10000} 126268 $.206 100.00 100.00) 837,660 2897  0.0343 10000  10000{ 1002684  34634.09 100.00 100.00{ 28
837,661 bal &k 1,002,685  balck 29
30
3,388 37957 535,433 31
32,867 182,560 218,669 32
33
34
0334 0.283 0267 35
2,5489 0.0 0.0 36
2320 0.0 0 3
38
378 €03 211 39
40
219 41 33 41
42
294.21 0.00 0.00 43
44
@29 505.17 21158 45
46
21.63 34.08 3517 47
48
369.13 $39.28 $39.07 bal chk 246.76 49
I
145 MWg [ Combustion Turbine Output ___ 33.69 MWg | 1.04 Turbine Compressor Surge Margin _ :ll)
20923 20923]  0.00% 20045 2094 0. 52
3,641 3641  0.00% 3,758 3,78 0.00%: 53
203937 20393 0.00% U2847 U247 0.00% 54
98,674  B8674]  0.00% 722,484 0.00%; §§
10 10 0.10% 10 10 0.00%] 56
827,186  £27,187]  0.00%]sub-sotal 990,044 990,084] 0.00%}sub-total §7
balance check balance check ]
59
60
61
62
63
64
65
; 126,268 837,660 1,002,684 66
o 67
35.07 232.68 278.52 68
4%0.62 361 * 15.13 69
: 1180 2,190 * 848 © 70
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1 |Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6
2 |Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Output
3 |Stream No. 18 19 Thrnii NO (ppmvd) 2§ 20 21
4 |Identification Fuel for Supplementary Firing Flue Gas SCRRedF 80% | Superheated Steam | Low Pressure§
$ |From Gasifier HRSG RLRedF 85% HRSG HRSG
¢ |To HRSG — ] Stack NOx ReburnF 0% Steam Turbine Steam Turb!
7 |Gas Mol Wt 1b/hr Ib/mol wt % mol% 1b/nr mols/hr wt % mol % Ib/hr /he
8
9 |CO 0 6.3 2626 nse2 o 0.00 0.00 noor
10 |H2 0 029 118 14.264 0 0.00 0.00 0.00
11 |CO2 0 286 1178 6.50] 7697 17499 1.66 504
12 [H20 0 1.24 1 6.90] N 1877.37 337 .42
13 |CH4 0 052 218 3.26] 0 0.00 0.00 0.0?
14 |C2Hé6 0 0.10 0.43 034 o 0.00 0.00 0.00
16 |H2S 0 18 0.74 0.5 0 0.00 0.00 0.00
16 |COS 0 0.05 02 o 0 0.00 0.00 0.00
17 |N2 0 129 3091 “24 722,406 2578824 72.06 7447
18 |Ar 0 on 0.8 0.54 12,641 31644 126 091
19 |HC1 0 0.00 0.00 0 ] 0.00 0.00 0.00
20 |JHCN 0 0.01 0.03 0.03 0 0.00 0.00 0.00
21 |NH3 0 0.08 0.34 04 (/] 0.00 0.00 nooJ
22 |CS2 0 0.00 0.00 o (] 0.00 0.00 0.00{ Stack Emissions (W/MBu)
23 |SO2 0 0.00 0.00 0.00) 21 03 0.00 0.00{0.053
24 |[NO 0 0.00 0.00 0.004 M 112 0.00 0.00{0.09
26 |02 0 0.00 0.00 000{ 156832 490115 15.64 14.18]
26 |[N2Ci 0 0.00 0.00 0.004 0 0.00 0.00 0.00
27 |KQl 0 0.00 0.00 0.004 ] 0.00 0.00 0.00
28 |Total Gas (IWhr) 0 24.34 100.00 100.00{ 1002550 34629.62 100.00 100.00
29 | 1,002,551 bal chk
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 [(acfm) 0 300,367
32 |(sefm) 0 218,641
33
34 |Heat (BTUND) 1398} )
35 [Cp (BTUNHF) 0334 0.247
36 |HHY (BTUMb) 25489 0.0
37 |LHV (BTUAY) 23%.0 0
38 |Sensible Heat above
39 |59 F Btu/1b steam 0
40 {Latent Heat of
41 {Water Btu/lb steam 0 33
42
43 |Chemical Heat 0.00 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 4802
46 |above 5% F MBtu/hr
47 |Latent Heat 000 3517
48 |of Water MBtwhr
49 |TotalHeat(MBtu/hr) 000 8.19 118.62{
50 HRSG Turbine Ou
51
§2|C 12.011 0 20945 20945 0.00%
53 |H 1 0 3,758 3,78 0.00%;
54 |0 16. 0 AU2TIS  ULTIS 0.009%
55 |N 14.007 0 422 T2 0.00%
56 |S 32 0 10 10 0.00%)
57 |CL2 35, 0] sub-total 989910 989,910 0.00%] sub-total
58 |[H20 18.01
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
6 6 |Total Flow (pph) 0 1,002,684 84,852 I
67
68 |Total Flow (pps) 0« 278.52 bRy
69 |Pressure (psia) 450.62 14.7 855
70 [Temperaiure (F) ii80 233 00,
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U

Pressure Steam
HRSG
sam Turbine

22
Make Un Water
WaterTreatment
HRSG

3
Sat. Steam
Gasifier
Steam Turbine

%

Process Stm

Stm Turbine

Process Facility

b/

Ib/hr

Ib/hr

Ib/he

o] ool sl a]afwles fre g

1237.6

35.02/

0.5/ 19.1

1

G Turbine Output

139

11,561

18 809 0

1.86
115

432

321

15

s .00,
450 250
457 420
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Standardized IGCC Gasifier Utility Application
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1
Reference Coal -

Ci
Iltinois #6

1

2 |Mass & Energy Balance GE LM 5000 PC Predicted Gasifier Output

3 |Stream No. 25 2 27 27a

4 |Identification Regen Recycle Loop Conc 502 Bleed Elemental Sulfur Elemental Sulfur

§ |From Recycle Blower Regen Loop Resox Process DSRP 1
§_|To ____Regeneraior SRP —|Marketable Byproduct | Marketable Byprodw
7 |Gas Mol Wt Ib/hr wt% Ib/hr Iba/mol mols/hr wi% mol% Ib/hr wt% I/hr :
8 !
9 |CO 28010 0 0.00 0.00 0.00 0.00 !
10 |H2 2016 [ 0.00 0.00 0.00 0.00 :
11 ]|CO2 44.010 4“4 0.05 4 om 0.08 0.05 0.04 !
12 |H20 18018 590 0.67 9 on 273 0.67 1
13 |CH4 16.042 0 0.00 0.00 0.00 0 :
14 |C2H6 30.068 0 0.00 0.00 0.00 0 |
15 |H2S 34.076 0 0.00 0.00 0.00 0 a
16 |COS 60.070 0 0.00 0.00 0.00 0 j
17 |N2 28.013 62,808 7078 $2M 2339 18684 .78 034

18 |Ar 39.948 0 0.00 0 0.00 0.00 0.00 0

19 JHC1 36.461 0 0.00 0.00 0.00 ()

20 {HCN 21.026 0 0.00 0.00 0.00 0.

21 INH3 17.030 0 0.00 0.00 0.00 0

22 |CS2 76131 0 0.00 0.00 0.00 o

23 |SO2 409 2411 7.5 2034 9.09 3176 7.0 4.1

24 |NO 30,006 0 0.00 0.00 000 0.00)

25 |02 31999 o2 1.04 n 034 2.40 1.04 107

26 |NaCiI $8497 0 0.00 0.00 0.00 0.00

27 JKC1 74.596 0 0.00 0.00 0.00 0.00}

28 |Total Gas (Ib/hr) 88,774 100.00{ 7,398 33.08 24 10000 100.00

29

30 |Volumetric Flow Rates  (STP 14.7 psia, S9 F)

31 |(acfm) 3,038 240

32 |(scfm) 16.957 1,413

33

34 |Heat (BTU/ND)

35 |Cp (BTUAb F) 0.240 0240 0.000 04
36 {HHV (BTUNY)

37 |LHV (BTUAD)

38 |Sensible Heat above

39 |59 F Bau/b steam

40 |Latent Heat of

41 |Water Btu/lb steam

42

43 |Chemical Heat 405 4
44 |(LHV) MBtu/hr

45 |Sensible Heat 28.57 220 0.00 [
46 |above §9 F MBtu/hr

47 |Latent Heat 0.61 0.08 000 C
48 |of Water MBtuwhr

49 |TotalHeat(MBtu/hr) 2.19 225 405 4
50

51

52 [C 12011

53 |H 1.008

54 |0 16.000

55 I[N 14.007

56 |S 12060 1,017 1
57 |CL2 35500 -

$8 {H20 18.016

59 |ZnFe204

60 |ZnS

61 |FeS

62 |{Fe203

63 |ZnO

64 |ASH 0.00 0

65 |Total Solids

66 {Total Flow (pph) 88,774 7,398 1,017 1y
67

66 |Total Fiow (pps) 24.66 20% 028 €
6 9 |Pressure (psia) 294 294 15

70 {Temperature (F) 1400 1300 284
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GTPRO 3.31 Michael Brown 120-15-199@ 11:22:24
CC 5S4 - 3@ MW UTILITY CYCLE
ERAL ELECTRIC LM &@oa
ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 1200 % vating, XIGV= B

Site ambient conditicwrs: 14.7 psia, @9 F, 6@ % RH

Inlet loss= 4 inch HZ0, exhaust loss= 1@  inch HEO

Evap. inlet cooler to @ % RH.

# Model PR TIT TET Mair kWe H.R.LHV Mex N&+Ar oz cos Hz0
F F kpph BTU/kWh kpph % % % %

o2 User Def BT 2.2 859 891 4238

..-...__.—_......_.—_.__—......._..—..__.........__...._4_._..—-—._...._--—._....»-..........._.--_..__.__....._._.—-._._._—-..._.._——...._._._.__._..__.._._-—_

Fuel flow = 135 kpph
G.T. auxillary power = @2 kWe.

_...__....-..._.~.____.—..._.____..._..____._...._-—-..._-—_.._.....—____._._._.....__..___.—-—._._.—--_.—._—___—.._—-—.__—-

STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph N&+Ar = coz Hz0
Ambiernt air in =9 14.7@ 8312, ez =8.75 78. 22 2. 74 . a3 1. @1
npr. inlet 59 14,35 83%u, &z Z8.75 78. 22 2. 74 a. a3 1.21
“bine coolant misc. . ad
Turbine exhaust 833 15.26 1@26.27 8. 85 75.25 15.88 Se 27 S. 62
Compressor= 2 Turbire= @ Mech. loss= 437 kW
GT specific power B gen term= 47.6 KW per kpph
6T efficierncy ® gern term= 36.34 % HHY = 39.49 % LHV
GAS TUREBINE/GENERATOR HEAT EALANCE
Erergy in = 113831 BTU/s
Inlet air Inlet air Water Steam Fuel
Sersible Latent Ing. Ing. HHV
1629 1647 @ @ 112555
Erergy out = 118880 ETU/s
J Incompl comb  GT Mech. Gearbox Gereratcor Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air
! SS9 =77 @ 8&8 6RG1E 12478 42173 1
*a enthalpy: dry gases & liguid water @ 32 273.15 K)
at Halarce Error = In - Out = 951 BTU/s

= .835 %



GTPRO Z.31 Michael EBrown 120-15-199@ 11:22:29 Steam cycle p.1
GCC S4 - S0 MW UTILITY CYCLE
‘\AERQL ELECTRIC LM &Q@@
pe: & Subtype: & Induction
p T h m uR Q A
psia F BTU/1b kpph BTU/s-F BTU/s sq. ft
Crnd rtrn 2. 74 87.357 55. 58 138.614
Makeup 17.7& 8. 2 48. 0z 1.186
FW supl 17.72 87.51 55. 51 133. 8@
LTE 139. 8aa 1€ 2422 7198
fraom LTE 17. 2 15@a. o@ 117.88 139. 8@
LPE 12.173 33 =728 133793
water bleed 2@. aZa
htd. FW 17. 2@ 220, 22 188. 13 119.78@a
HPFW 973.57 Z2Rn. 77 191.77 21.721
HPE1 91.701 49 3196 21293
& 3945, 21 34E.54 317.23 B. 222
HPEZ 31. 701 & 751 2496
7 331. 44 369.13 346.71 2. 22
HPES 31.701 57 4294 23475
8 217.68 514.28 527, 4& 2. 202
Hlwdn 917. 68 534.128 S529. €2 @a. 328
HPE 9@. 793 191 17362 72266
9 917.68 534.108 1195.63 Q. Q@
HPS1 2@. 793 @ i) 2
12 217.68 534.108 1195. 63 Q. qa
.SE‘ 2,733 4 5151 20121
11 83%a@. 395 826. DA 1399. 87 Q. a2@
Into HPT B865.0202 80@. 22 1397.61 9@. 793
bef addn SQ@.Q0 673.98 1343. 96 9. 793
HPT addn SQ2@. 22 466.58 125, 28 Za. a2
aft addn ZS020.00 &28.54 1319, 82 112.813
HPT exit 115. aa 359,12 1zai. 12 112.813
IPFW 125. 66 o2a. 29 188. 55 28. @79
IPE =8.@73 12 813 4484
1 122. 2 322. 54 293. 99 @. 2R
Elwdn 1z, g 342.54 314,12 a.278
IPE &7.8@1 9 6936 36281
2 12z. 02 342.54 1191, 8& 2. 122D
IPS1 27.801 1 111 4493
3 122, 0@ 363.13 1z25. 89 2. 222
I1psz 27. 801 1= 688 6266
4 118. 45 S534.08 1294. 96 0. 200
Into LPT 115.00 389. 44 1219. 33 1328.614
LPT exit Q.74 91.57 959. 39 128.614




GTPRO 3.31 Michael Erown 10-15-1990 11:22:29 Steam cycle p.&

. STEAM TURBINE

Mo, of steps Exit Quality Efficiency (%) Work (kW)
To HPT additn =& 1.185
To HPT exit 4 l.2182 84.83 254
To LPT exit 13 2. 861 8. 39 la722
Gross power = 153975 kW. Mech/Elect losses = 479 kW.
Gernerator ocutput = 15496 kWe. ST auxiliaries = 128 kWe
Boiler feedpumps = 113 kWe

CONDENSER
P T h m
psia F RTU/1b kpph

LPT exit @. 7265 91.57 955. 29 138.61
Saturation 2.7365 91.57
Condensate well . 7365 87.57 55. 58 138. 61
Cocling water in &5. a4 8313. 12
Coomling water out 8. 2 8315. 12
!umber of passes= 1 UA= 1923 BTU/s-F Surface area = 9487 sqg.ft
Tubes:s 0D = 1 in Length= 28.6 ft rnumber= 932

Cooling water: Velocity= 9 ft/s DP = 9.0 psia Pumps = 93.8 kWe.

STEAM CYCLE HEAT EBARLANCE

GT Exhaust GT Exhaust Duct EBurrner Makeup+Proc Pump External
Sernsible Latent Fuel HHV Return Waonrk Steam

v o n 2o o s e o S04 oo o S St S s Soake Sy o AP S4ts e So4as Setse Senss et Shere Mot G M Smnms oy ey e St mmpe boodt e Feeed SH0SS Pt St L S o S St e o et e Svbre e ST e et o et et Pt Ao e S i S e

©esms oo oomes s sowee e e 1430 S Soeet S Freen Seeed Fesea poven S e S Sl Sebd Sadse Subes Soend oS S Pav Sad Jeves Soven Saom Saims Samed AN Mt e S et tense S M PALe S Y L s PSS i Sl s S i e St St e S SO Sume M SO SN Sooon (TS UOSS Sevm G S S e i TS e b o S S St St

Heat Elow Mech/Elec Stack Stack Condrnsr Process GT Proc. Electric
Radiated down Losses Sens. Latent C.W. Steam Injec. Water Dutput
831 158 454 15603 12478 24646 Qa 2 1246 14688

Zero enthalpy: dry pgases & liquid water ® 32 F (273.15 K)
‘at Balarce Evraor = In - Out =-.897 BTU/s = @ %




GTPRO 2.31 Michael EBrown 12-15-1992 11:22:29 Steam cycle p.3

‘ HRSG GAS-SIDE PROFILE
Gas Tg F Tw F DT F Gg/UuAR DELTA P uA Qg Vg Tube Lngth
HP/IP HP/1IP F inch H20 BTU/s~-F BTU/s ft/s Rows ft
1 ass. an6. a 49.@
124.3 1.2 41.8 Seaz. 6 =8. 1 4. 1.8
787.& S534. 1 253, 2
= 787. & 534. 1 253. &
91.9 2.6 19.9 17538.8 S51.& 15.1 6.3
535441 S34.1 =, 2
3 554. 1 S514.1 4,1
3 55441 534.1 2. @2
£9.6 1.3 £9. 4 4829. 5 4i, 4 6.2 2.6
488. € 369.1 119. 4
488. 6 369. 1 119. 4
4 488. 6 363. 1 119. 4
4 488. 6 369. 1 119. 4
186.7 a.1 6.3 8702. 4 4.7 Q.6 Q.3
47647 342. 5 134. 2
47647 342.5 134. 2
] 476.7 342,95 134. &
76. 2 1.4 91.9 7005. 3 4. 2 7.6 3. 2
. 380.9 342.5 8.2
& 382.5 342.5 8. @
() 281.5 3z22. 9 58.@
&£7.8 @a. 9 9.8 40385, 3 36.8 5.4 S
I24. 4 o2, 8 123. 6
324, 4 ZEa. 1 124, 3
7 I 4 ZoR. 2 124, 4
8z.8 . 4 32.9 2755. 3 34.6 .8 1.2
=286. 1 S22, 2 66. 12
a Z286. 1 152.2 136. 2
149.8 Q. 16.3 2446, 3 33. @ 1.5 Q. &
=2351.9 87.3 164, 4
Duct burner fuel= 2 kpph
Gas maole compositicom: 75.8 #ZN2+Ar 13.9 402 5.287 #CO02 5.6 %H:2 . Qs %S0
Flue gas dew point = 35 F M. W.= 28.9
HRSG TOTALS Economisers Evaporators Superheaters TOTAL
QO RBTU/s 1iz8s 27026 S50 44258
UA BTU/s-F 139 316 =3 S1@
OQ sq. ft 58746 121926 26836 c@a7sav

Prime surface= 12071 fin surface= 195436 sq. ft. Averaged fin eff.= .72
HRSG frontal area = 316 sg.ft. Gas mass flux= 6.44 kpph/sqg.ft
HRSG length = 18.1 ft, 43.4 tube rows, 739 ft of tubes per row.
& 1inm dia. tubes with serrated fins, staggered arrarngement.
Fin thickress/dia.= .83 , height/dia.= .4 , spacing/dia.= .27
Tube trarsverse pitch/dia.= 2.5 , row lorngitudinal pitch/dia.= 2.5




air
water

GE LM 6000

Water cooling

air to coal ratio 2.41 air pressure 424
water coal ratio 2.2355 air temperature 955
air to water ratio 9.45 water teaperature 88

1b wt ¥ mols wmol ¥ partial

pressure
9,45 90.43% 0.33 B5.55% 3ee.72
1.80 9.97% 0.86 14,45% 61.28 sat temp 294

Temperature of combined stream entering boost compressor

399.98 F sat pressure 247 psia Rel. Hum, 24,81%

Temperature of stream exiting compressor (85% comp eff)
TF = Ti + (Ti/n#{ (PF/Pi)~ ((k-1)/K)-1})

where

Ti - inlet temperature - 399.50 F - 859.50 R

n - efficiency - 85.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume 1. 384

Pf ~ final pressure 509 psia

Pi - initial pressure 424 psia

TF=  446.83F

Cp air  0.248
Cp water 1.000
Cp steam 0.455
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1 [Standardized IGCC Gasifier Utility Application Reference Coal -
2 |Mass & Energy Balance GE LM 6000 Plant Full Load Predicted Gasifier Ou(
’ 3 |Stream No. 1 2 3 4 s
i ! 4 |Identification AR Conl Coal Fines Stzed Coal CompAlr@ 241 AKC Water @ 0.26
‘ i 6§ |From Ilinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water H
t H s _|To __Sizer _B%notﬂn. | Gasifler — Gasifter Gasifler Coal
H ¢ 7 |G Mol Wt 1War wi % hr wi% | lbr  wi% /br R/mol wi% mol% ib/hr
: [
® |CO ZIOIOF 0 0.00 0.00 0.00f
10 |H2 2016/ 0 0.00 0.00 0.00f
11]CO2 44.010 “ 0.01 0.03 0.03
12 |H20 18015 sas o.18 0.64 1. 9932
13 |CH4 16002 () 0.00 0.00 o.
14 |C2H6 30,068 o 0.00 0.00 o
15 |H2S 34076 ) 0.00 0.00 o.
: 18 |COS .07 0 0.00 0.00 0.
! 17 |[N2 28013 ®p0 265 1503 T
' 18 |Ar 2948 1209 038 13 0.93
198 JHC 36461 0 0.00 0.00 Y
20 [HCN 21.026 0 0.00 0.00 0.
21 |NH3 170 0 0.00 0.00 0.
22]CS2 76131 0 0.00 0.00 0.
23 ]s02 €409 0 0.00 0.00 Y
24 |[NO 0,006 [} 000 000 O
25 |02 31999 21,154 €63 119 N0 I
26 |[NaCl 8497 0 0.00 0.00 0.
27 |KC1 4.596 0 600 000 O ]
28 |Total Gas (1b/hr) NO2 2886 10000  100. 9932 |
29
30 |Volumetric Flow Rates (STP 14.7 psia, 59F)
31 l(acfm) 1038
32 |(scfm) 20,144
33
‘ 34 |Heat (BTUND) 1257
35 |Cp (BTUNL F) 0246
36 |[HHV (BTUMb) 10,776 10,776 10,776 0
37 |LHV (BTUAY) 102% 102 10,260 ]
38 |Sensible Heat above
38 |59 F Btu/lb steam 0 0 0 o8
40 |Latent Heat of
41 |Water BtuNlb steam 7
42
43 |Chemical Heat 391.13 17.34 «01.64 0.00
44 |(LHV) MBtw/hr
45 |Sensible Heat 0.00 0.00 0.00 L7
4§ |above 59 F MBtu/hr
47 |Latent Heat 20.51 613 20.91 0.61
48 |of Water MBtuwhr
49 |TotalHeat(PMBtu'hr) 411.64 123.49 428.13 9.9 1248
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 500 psia &
51
52 |C 12011 092  @.11% 658 01w 24,148 60.78% 12
63 |H LooaJ 1,503 417% a8 417% 1,593 4.01%) '] 1,104
54 |O 16.000, 2,092 1.57%) %68 1.5T% 2892 7.28%) 21,706 8,08
55 N 14.007 45 1.18%) 135 L18% 45 113%) 69,070 9932 | Total
56 |S 32060 1,100 2.88%] 330 288% 1,100 2719 90,853 | Total
67 |CL2 35.500 0 0.00%) 0  000% 0 0.00%, .
. 58 |H20 18016 $386  14.00% 1616  14.10% 5,386 13.56%)
R 50 |ZnFe204
60 |ZnS
61 |FeS
62 [Fe2003
63 {ZnO
64 [ASH 3820  1000%] 1,146  10.00%) 4162 10.48%)
‘ 65 |Total Solids 38200 10001%] (1460 10001% 39732  100.00%)
68 [Total Flow (pph) 38200 * 11460 %132 R 062 9932
67
68 |Total Flow (pps) 10.61 318 11.04 25.97 276
6 9 |Pressure (psia) 147 14.7 14.7 500 500 *
70 [Temperature (F) ) ) 39 4“7 LA




[[o T ¢ 1 o 1] ] [ 8 1 v ] Ul v [ w TTx z_ AR AD AC_| AD
al - INlinois #6 J-1538 DE-AC21-89MC26291 _ﬂ
sifier Qutput 10/16/90 Revision 7 2

6 Uncomb 7 8 9 10 S sciib of coal 3
[ ] 0.26 Ash Carbon|Fines (Char) Tar Dust(per RTI dis) [Miscelianeous Hot Gas with Tars 4
Mer  H20/ | Gasifier 249% |Gasifier @ 4.00%|Gasifier @ 6.00%|Final Cyclone Gaalfier Heat Gasifier N2 ia coal §
L4 Coa! [Ash Silo Briquettin HGCU Reclaim Losses HGCU to NH3 Conv 90.1%| ¢
e ——— — e ———————
wi% o/he wt % Ivhr wt % ib/hr wt % /e  lb/mol wi% mol%| 7
8
35,650 6¢® 12626 22m:| 9
1,604 0.29 118 1426 10
15954 286 1178 6s0] 11
9932 6931 124 511 6s0] 12
2913 0.52 218 3.26| 13
s18 0.10 043 o] 14
1,002 0.18 074 o9 1S
29 0.05 an 009 16
6,114 1239 %091 4 17
1,209 on 089 0.54| 18
0 0.00 0.00 0.00[ 19
47 0.01 0.03 ao3| 20
463 0.08 034 0| 21
0 0.00 0.00 aco{ 22 |
B) 0.00 0.00 6| B
0 0.00 0.00 ool 24
(] 0.00 0.00 0.00| 2§
0 0.00 0.00 00| 26
1 0 0.00 0.00 o.0o| 27
9932 135,760 2434 10000 10000 28
5 29
135,760 30
3,159 31
.21 32
1 33
{1297 M
: 0.260 0260 026 0.260 0329 35
? 0 10936 17,329 0 25888 36
! 0 10936 16,571 0 2,375.0 37
38
154 276 276 m M9 39
40
0 0 749 0 214 41
42
896 1671 3798 0.00 N4 43
44
0.68 042 0.63 006 20.3 Water/steam 41.34 45
Jocket 46
0.00 0.00 1712 000 4.7 Traversing 29.04| Gws HHV= 199 Buysct | 47
Stirrer Estimated= 60 Ba/d | 43
1248 9.64 17.13 33 0.06 25.1 Total 398.80{ Calculatad= &3 Ba/d 49
psia & 17 tph (typical) Coal each: 1.6 [Unit Output (MWn) §5.3 MWn BukGa=  405% H20 S0
] Calc Com® Temp (F) 2280 31
618 n.ef 1,186  77.60%) 2017 88.00%) 356 23 0.00%| | 52 ]
1,104 0 0.00% 183 800% 3,360 3 0.00%; 3
08 0  000% 46  200% 38214 33214]  0.00%) 54
{9992 [ Tout 0 000% 3 100% ®.521 , 0.00% [
0 0.00 0  000% 23 1.00% 1,100f  1100] 0.02% 56
0 000% Sub-Totals 134,551 134,551]  0.00%| | 57
0 0.00% Sum of umof Ges | Mass 58
173 90 Streams Constituents [Unbalance 59
4 2 belmice check 60
12 6 Cyde Efficiency(g) = 47.99% 61
0 0 Cycle Bfficiency (n) = 45.80% 62
4 2 63
3,820 86.08} 32 D2.40%) 0 0 64
4438 100 1,528  100.00%) 2292 100.00%) 193 100 65
8 193 135,760 66
@l 4,43 1,528 2292 &
216 123 042 0.64 005 nn 68
%00 * 14.7 500 ¢ 500 ¢ @9 499 69
447 s 112 1120 1200 b 70
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§ AE__| _AF AG | AR | AL | A T ax T A [ am AN & T Ap T aAa AR
3 1 |Standardized IGCC Gasifier Utility Application Reference Coal - Ill
: 2 |Mass & Energy Balance GE LM 6000 Plant Predicted Gasifier Qu¢
. 3 |Stream No. 1 13 3 14 ;
4 _|Identification Alr Bleed Ailr Bleed Alr Compressor Discharge -
6 [From Atmosphere Compressor for Compressor
¢ |To Gas Turbine Compressor 1 Booster Compressor Cooler | Coolant Combustor
7 |Gas MolWt | ibar  /mol wt% mol% | Ib/hir [/mol wt% mol%| IWhr i/hr /mol wi% m
8
e |CO 28010 0 0.00 0.00 .00 0 0.00 0.00 aool 0 0.00 0.00
10 |H2 2016 0 0.00 0.00 0.00| 0 0.00 000 000 0 0.00 0.00
11]CO2 44.010| 465 0.01 0.08 0.03 a“ 001 005 003 1 344 0.01 005
12 |[H20 18018 6,249 018 0.64 102 58S 018 0.64 1.02 1,04 4,614 018 0.64
13 |CH4 16042 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
14 |C2H6 30.068 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
16 |H2S 34.076 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
16 {COS 007 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
17 IN2 2013 7373% 21.65 7508 128 ®o10 2165 1503 7% 123,810 544,470 21.65 7508
18 |Ar 39948 12,909 03 131 095 1209 03 131 095 2.1 9,532 03 R
19 JHCI 36461 0 0.00 0.00 0.00 0 0.00 000 000 0 000 0.00
20 |JHCN 71,026 0 0.00 0.00 nooi 0 0.00 000 000 0 000 0.00
21 |NH3 1703 0 0.0 0.00 0.00 0 0.00 00 O 0 0.00 0.00
22|CS2 76.131 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
23 |SO2 64.0% 0 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
24 [NO %0.006 0 0.00 0.00 0.00 0 0.00 000 000 [ 0.00 0.00
25 |02 n9w| 25877 6.63 nn 2072 21,154 663 198 2072 31919 166,754 66 9%
26 |[NaCl 58.497 0 0.00 0.00 0.00 0 000 000 000 0 0.00 0.00
27 |[KC1 74.596| 0 0.00 0.00 0.00 0 0.00 000 000 0 000 0.00
28 [Total Gas (Ib/hr) 962,800 28.06 100.00 100.00 @062 2886  100.00 100.00 165.04] 725714 2886 100.00
29
30 |Volumetric Flow Rates (STP 14.7 psia, 59F)
31 [(acfm) 215,042 1,904 15,009
3 2 |(sefm) 215,042 20,144 36367] 15870
33
. 34 |hgAdiabHeat(BTU/b)
35 |Cp (BTUMbF) 0.240 0262 0262
36 |HHV (BTUNL) 0.0 00 00
37 |LHV (BTUNb) 0.0 00 0.0
38 |Sensible Heat
39 |above 59 F Btw/Ib 0 L} ns
40 |Latent Heat
4 1 |of Water Btulb 7 7 7
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 2168 170.67
46 |above 59 F MBtu/hr
47 |Latrnt Heat 6.50 0.61 4%
48 |of ¥/ater MBtu/hr
49 |TotalHeat(MBtu'hr) 6.50 2228 17547
50 Parssitic Load 262 MY
51
52]C 12011 121 J 12 21 9¢ [T
$3 |H 1.008 4 65 117 513 513
54 |0 16.000 231,719 21,706 3 171,108 171,108
[56 IN 14,007 7313% 69,070 123,81 SUAN 544470
¢ |S 32.060 0 0 0 0 0
£7|CL2 35.500 969 591 ] sub-totale 90,853 |sub-totals 162,356] sub-totals 716,182 716,182
) $8 |H20 18016 balnce check
By 59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe2Q03
63 |ZnO
64 |ASH
6 5 [Total Solids
‘ 66 |Total Flow (pph) 982,800 92 062 165,024 725,714
67
i 6 8 |Total Flow (pps) 273.90 * 25.57 . 4584 201.59
I 69 |Pressure (psia) 147 A4 ¢ o
’ 70 |Temperature (F) 39 ¢ 935 955

ol kL



M T As | AT | AU T AV T aw T ax T av | Az | 8A | 88 | ®BC | BO ] BE |  ®BF 83

1. Tilinois #6 J-1538 DE-AC21-89M(C26291 1

ler Output Revision 7 10/16/90] 2

18 16 17 3

¢ Discharge Fuel %H2S Inlet Gas Thrm! NO (ppmvd) 25 |Exhaust Gas 4

r HGCU Removed |GT Combustor *Rich/Leas Red.F  85% [Gas Turbine s
. . . GT Combustor 99.0% |GT Expander _ 6]

w% mol% b/lhr wolhir wt% mol % I/hr Ib/mol mois wt% mol% Ib/lhr molt/hr wt% mol% 7

[]

) aco| 356% 1273 2638 2284 0 000 0.00 0.00 0.00 0 0.00 0.00 000{ 9

000 0.00) 1,584 786 117 14.10 0 0.00 0.00 0.00 0.00 /] 0.00 0.00 0.00{ 10

00y 0| 15.9% 0 11.80 651 82,102 276  0.0m2 9.54 62 822180  1867.30 801 sz 11

0s 1e|  16m U 565 7.0 34,851 117 0.00 408 651 35900  1992.80 3.50 sa| 12

0w oo| 2913 L] 216 326 ] 000 0.00 0.00 [ ) 0.00 0.00 0.00{ 13

(1) 0.00 £y 19 (Y] o.M 0 000 000 0.00 o () 0.00 0.00 0.00{ 14

om 0.00 10 0 001 001 ° 0.00 0.00 Q.00 a o 0.00 000 o.00{ 1§

o 0.00 3 0 0.00 0.00 0 0.00 000 0.00 o c 0.00 0.00 0.00{ 16

70 n»| 1 2467 S1.14 4428] 613907 2066  0.0aSS nn N ™INT 263481 91 7433 17

1] 095 1,209 2 0% 0.4 10,741 036 0.00 125 o 12,909 323.14 126 os1] 18

am 0.00 0 0 0.00 0.00 0 0.00 0.00 0.00 (Y ) 0.00 000 0.00{ 19

0 0.00 41 2 003 003 ) 0.00 0.00 0.00 o o 0.00 000 0.00{ 20

(1) 0.00 48 z oM 049 ° 000 0.00 0.00 o 0 0.00 000 0.00{ 21

000 0.00 0 0 0.00 0.00 o 000 000 000 o 0 0.00 0.00 0.00{ 22

000 0.00 0 0 0.00 0.00 n 00007 00000 00026 0001 n 034 000 0.00{ 23

am 0.00 () 0 0.00 0.00 180 00060 00000 00209 O 180 599 002 ow| 24

nu 2072 0 () 0.00 0oo] 119,068 401  0.004 18 128 156967  4906.00 1530 13.85] 25

00 0.00 () [ 0.00 0.00 0 000 000 0.00 o 0 0.00 0.00 0.00{ 26

000 a.00{ ° 0 0.00 0.00 0 0.00 0.00 0% Y [\ 0.00 000 0.00{ 27

0000  100.00] 135,15 5572 100.00 100.00] 860,870 2897 0.0343 10000 100 1025894 35430.38 100.00 100.00{ 28

860,571 bal &k 1,025,995  balck 29

30

3218 34,020 52,350 31

35,181 187,588 73,696 32

33

34

( 0.334 0.288 0.267 35

; 2,3489 0.0 0.0 36

; 2,3300 0.0 0 37

. 38

: 378 619 214 39

' 40

‘ 219 42 36 41

! 42

e 0.00 0.00 43

44

0. $33.30 219.50 45

46

: 29.58 3629 37.34 47

48

39511 569,54  570.58 bal chk 256.84 49

262 MWg [__Combustion Turbine Output 42385 MWg | 1.04 Turbine Compressor Surge Margin | S0

S1

o]  o.00%; 22,91 2291  0.00%) 2413 22413 0.00%) §2

si|  o.cow 3 3872 3 0.00% 3,969 3 0.00%] §3

mys|  0.00% 3378 209863  209864]  0.00% UTIZ U8, 0.00% 54

UM  0.00% , 613991 61391  0.00% 37801 737,801 0.00% S

o] o000 11 11 11 0.10%} 11 1 0.00% 56

7610]  0.00% 133.947]sub-sotal 850,129 830,130  0.00%isub-sotal 101298 1012986 0.00%4sub-total §7

L....M balance check balance check 58

] 59

60

61

62

63

64

65

135,156 860,870 1,005,994 66

67

7.5 339.i5 28407 68

49 a7 15.13 69

i 1180 2210 ° 8% ¢ 70
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' 1 [Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6
1 2 |Mass & Energy Balance GE LM 6000 Predicted Gasifier Output
| ’ S |Stream No. 18 19 ThrmiNO (ppmvd) 2§ 20 21
| ; _4_|ld-ndﬂutlon Fuel for Supplementary Firing Flue Ges SCRRedF 80% | Superheated Steam | Low Pressure § l!1
] ! 6 |From Gasifier HRSG R/ILRedF 85% HRSG HRSG {
i | ¢ |To HRSG Stack NOx ReburnF__ 0% Steam Turbine Steam Turbine |
: | 7 |Gas v/br v mol wt% mol% b/hr mols/hr wt % mol% Ib/hr 1b/hr 7]
s !
8 _|CO 0 X 2636 n 0 0.00 0.00 0.00 :
10 |H2 0 029 118 142 0 0.00 0.00 0.00 !
11 |CO2 0 286 1178 6. 82,130 1867.30 801 s
12 jH20 0 124 1 6. 35900  1992.80 1.%0 5.63
13 |CH4 0 0.52 218 32 0 0.00 0.00 0.00
14 |C2H6 (/] Q.10 043 0.34 0 0.00 0.00 0.00
; 15 |H2S ] 0.18 074 as3 0 0.00 0.00 0.00
; 16 |COS 0 0,03 oxn 0 0 0.00 0.00 0.00
! 17 |[N2 0 129 5091 “24 TINT 2633481 ne 74.34
‘ 18 |Ar 0 on 0.5 0.54 12,909 .4 126 091
19 jHCI 0 0.00 0.00 0. 0 0.00 0.00 0.00,
20 JHCN 0 0.01 003 0.03 0 0.00 0.00 0.00
21 |NH3 0 Q.08 03 Qa4 0 0.00 000 0.00
22 |CS2 0 0.00 0.00 0. 0 0.00 0.00 0.00{Stack Emissions (b/MBu)
23 |SO2 o 0.00 0.00 Q n 0.34 0.00 0.00/0.053
24 |[NO 0 0.00 0.00 o 3% 120 0.00 0.00(0.09
25 |02 0 0.00 0.00 0. 156987  4906.00 15.30 13.88
26 |[NaCl 0 0.00 0.00 0. [ 0.00 0.00 0.00
27 |[KC1 o 0.00 000 1 0 0.00 0.00 0.00,
28 |Total Gas (1b/hr) 0 24.34 100.00 102, 1005790 35425.59 100.00 100.00!
29 | 1,025,751 bal chk
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) ] 306,840
32 [(scfm) 0 23,666
33
' 34 |Heat (BTUAY) 1398 u
35 |Cp (BTUAb F) 0334 0247
36 |HHV (BTUND) 25489 0.0
37 JLHV (BTUAb) 23%.0 0
38 |Sensible Heat above
30 |59 F Btu/lb steam 0
40 |{Latent Heat of
4 1 |Water Btu/lb steam 0 %
42
43 {Chemical Heat 0.00 000
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 4893
46 |above $9 F MBtw/hr
47 |Latent Heat 000 3734
48 |of Wailer MBtuhr
49 |TotalHeat{MBtu/hr) 000 8626 msﬂ 1
50 HRSG Turbine Ou’
51
§2]|C 12011 0 2413 22,413 0.00%,
53 |[H 1 0 3989 3 0.00%
54 |0 16. 0 ULBD6 248,696 0.00%;
56 N 14.007 0 T4 T34 0.00%
56§ 32.0601 0 1 11 0.00%
§7 |CL2 35.500% Ofsub-totat 1,012,842 1012842 0.00%] sub-tatal
o §8 |H20 18016
RERY 59 |ZnFe204
60 {ZnS
61 |FeS
62 |Fe203
63 {ZnO
64 |ASH
65 |Total Solids
‘ 6 6 [Total Flow (pph) [] 1,025,804 90,792 Z.
67
6 8 |Total Flow (pps) 0e 28497 2522
69 |Pressure (psia) 49 147 :3
70 |[Temperature (F) 1180 252 *
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Standardized IGCC Gasifier
Mass & Energy Balance

Utility Application

& |
Reference Coal -

| Cl
Illinois #6
Predicted Gasifier Output
7]

ole|NieInnivin |-

GE LM 6000
2%

Conc 502 Bleod
Regen Loop

Elemental Sulfur
Resox Process
Marketable Byproduct

a
Elemental Sulfur
DSRP

26,129

1214

111,784

74.87

2.3

100.00!

SRP
1%/he  Ibs/mol
0.00
0.00
002
020
0.00
0.00
0.00
0.00
.10
0.00
0.00
0.00
0.00
0.00
152
0.00
033
0.00
0.00
219

coco®uco

g

O0DO0OO0O0C A0

0.00

- g
203

1.09)

(-2 - ]

_9213

mols/hr

0.00
0.00
o011
3120
0.00
Q.00
0.00
0.00
24897
0.00
0.00
0.00
0.00
0.00
Ny
0.00
316
0.00
0.00

wi%

0.00
0.00
005
[ {+]
0.00
0.00
0.00
0.00
74.87
0.00
0.00
0.00
0.00
0.00
n.y
0.00
1.09
0.00
0.00
100.00

mol%

0.00
0.00
0.04
L1
0.00|
0.00
0.00|
0.00

0.00
0.00
0.00
0.00|
0.00
1174
0.00
1.09
0.00
0.00|
100.00

1b/mr wt%

Marketable Byproig
Ib/r i

i

Volumetric Flow Rates

(acfm)

(scfm)

(STP 14.7 psia, $9 F)
399
21928

310
1,827

Heat (BTU/b)

Cp (BLUNL F)

HHY (BTU/b)

LHV (BTUAbY)

Sensible Heat above

59 F Btu/lb steam

Latent Heat of

Water Btu/lb steam

0240

0.000

Chemical Heat

(LHV) MBtw/hr

Sensible Heat

above 59 F MBtu/hr

Latent Heat

of Water MBtu/hr

TotalHeat(MBtu/hr)

3598

072

360

amn

0.06

433

0.00

0.00

433

1.

16.

wZoEO

CL2

H20

ZnFe204

ZnS

FeS

Fe203

ZnO

ASH

Total Solids

Total Flow {pph}

12.011

14.007
32.060
35.500
18.016]

111,784

0.00

9,315

1089

10%

Total Flow (nng)
- TN

Pressure (psia)

Temperature (F)

31.08

1400

1300

030
15
284
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T
atal Sulfur
SRP

1le Byproduct

70
Sulfur Dioxide

SO2 Rasuovery Unit
Marketa'sie Byproduct

Ash

28

SO2 Reductor
Disposal

D/

W/hr

1

b/hr

wi%

0.0004

0.000
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0.004

433
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0.00/
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100 MW Utility Cycle
Westinghouse 501 DS

Page C-11
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3TPRO 2.321 Michael Brown 120-135-199@ 11:38:14
IGCC 61 - 12 MW UTILITY CYCLE
NESTINGHOUSE Swal DS

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 12@ % rating, XIGV= 1

3ite ambient conditionms: 14.7 psia, 59 F, 6@ % RH
Inlet loss= 4 inch H20, exhaust loss= 1@ inch H20
Zvap. irnlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = @

Compressor efficiency reduction 4 = @

Turbirme efficiency reducticn % = @

Maximum firing temperature excess over base load = @ F
Tombustor % pressure loss (2 means nominal value) = @

Combustor inefficierncy + heat loss % (@ means vniominal value) = @
Tooling air increase % (@ means nomirnal value) = @

Process air bleed location (2 means norne) = 1

Irmecess alr bleed % of inlet = 1@.14

e ot e o bt cvont o aomtt S S b e P s St Seamm S S e Seaey be e oo (g Gomee G Smbat e oY N o S it S b e S S Sre SHSe e S S o shrme D S Sapnq FOOSY T e s e 8 o FOOSY EUS Seme Cummt SO S ST S e S S v S S POt o® St e o o Vo

#  Model PR TIT TET Mair kWe H.R.LHY Mex N2+Ar 02 CO2&  HE
F F  kpph BTU/kWh kpph % % % %
' Sa1 DS 14.5 2062 962 =848 127182 10688 £983 75.08 13.36 S.57 5.95

Fuel flow = 424 kpph
Fuel pressure reqd.= 285 psia, compressor power= 737 kWe
G.Te auxillary power = 334 kWe.

L

ESTIMATED G.T. CYCLE

e saaae ot o e Sanme ST Smags ot oS St ot s ShASt PO S Sd M SMhR S e S et St g 4S% A e e U B et St et ot S Soatn Foome Sepee S s ey e SO ey Pyt D S g SO U ey s PUTAS me Sd h S SHOTS ot St S0nd S S (ot VTP U St bt TS oY et SO 99098 et s4eme WS SPORS SwEre

STREAM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION *%

F psia kpph 2+Ar oz coz Hz0
Ambient air in o9 14.78 2848.11 =8.79 78. 22 2. 74 2.3 1.21
Campr. inlet 59 14.59 2848.11 28.79 78, 22 2. 74 2. a3 1.@1
Turbire coolant misc. 294, 41
Process air bld 711 211.27 =88. 8n =8.79 78. &2 2. 74 . a3 i.@a1
Compr. disch. 711 211,287 2304, 32 =8.73 78. 22 2. 74 2. A3 1.21
Turbine inlet pedra [=Y7.] SRE. 88 2728.63 =8.87 74,78 12.67 &. 2@ E. 41
Turbirne exhaust 381 15.06 2983.43 =8. 86 75. 02 13. 36 5. 67 5. 35

Compressor= 134299 Turbine= 243636 Mech. loss= 636 kW
Turbire coomlant= 8.93 % compr in

5T specific power B gen term= 37.6 kW per kpph

GT efficiemcy ® gen term= 29.38 % HHV = 31.93 %4 LHV




STPRO 3.31 Michael Brown 10-15-19980 11:38:14

‘ GAS TUREBINE/GENERATOR HEAT BALANCE
A gy in = 356318 BTU/s

©ret . oo s ares so00t e maan e S s b Spind St Gt St Sy SpeS® et Seerm ek St et e SureS SRS St e Sk ok St St Moot Soond e bt Semey ared St ey SAe? Somen St S90St Suere S W o P e S S et

Inlet air Inlet air Water Steam Fuel
Jensible Latent Ing. Ing. HHV
5209 S268 | @ 345842

e T e D T e e R T

Irncompl comb  GT Mech. Gearboax Generator Exhaust Exhaust

Electric
& carcass rad Losses Loss Loss Sersible Latent Output
4168 417 a 1451 co4a11 32359 121592

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Heat RBalance Error = In - Out =-1746& BRBTU/s =-.49 %

Gas Turbine p.&



3STPRO 3.31 Michael Brown 10-15-199@ 11:46:43
[GCC &1 - 1@ MW UTILITY CYCLE

JESTINGHOUSE Z@1 DS
iype: & Subtype: =

Steam cycle p.1

Induction

psia F BTU/1b kpph BTU/s—F BTU/s sqg. ft

nd rErn .74 87.57 55.98 471.271

lakeup 17.7& 82. 202 48, 22 4. 1229

W supl 17.72 87.31 55.91 475, 279

-TE 475,279 29 834 25323

rom LTE 17.2@ 1S@. 2@ 117.88 475. 279

-PB 34.585 123 9279 43832

iater bleed 7@. 42@

1td. FW 17.z2@ 2D, 22 188.13 404,859

41PFW 1423.77 221,13 193. 48 336. 12

1PE1L 336. 128 143 1171@ 63605
& 138&. 3@ 342,54 318.89 2. 202

1PEZ 336. 128 49 6126 1388
7 1362.17 420, 12 384. 352 Q. 222

1PEZ 336. 128 248 1723 12574@
8 1342, 84 Se2. 28 S569. 12 2. 222

lwdn 1342, 04 58&. 18 S91.91 3. 328

1PEH 332. 802 581 Sez13 227045
9 1342, 04 58&. 18 1177.23 2. a2d

4RS1 332. 82 ] 2 a
112 1342, 04 S8&. 128 1177.23 2. a2

41Pg:z 332. 802 =227 2E264 1120
1 1302, 35 941, Q@ 1461.14 2. 202

[mtoc HRT 1268, 20 935, 2@ 1458. 99 332. 8oa

hef addn 3250.00 &390, 4@ 1330. 2@ 332. Bo@

iPT addn 350, 0@ 43z, 2@ 1204, 98 7Q. 422

aft addn 325Q.1020 S9a. a1 1328. 23 4a5. 22

1PT exit 115,02 3893. 92 1219.6@ 4Q3. =2

FPFW 125, 66 &2, a3 188. 955 &8.73&

IPE €8.73& =1 SAE 93471
1 122, 0 322. 54 Z93. 60 @. 202

Blwdn 1z2z. 22 342. 94 314,12 2. 681

I PR 68. 251 185 16277 76156
= 122. 02 342. 54 11391.52 . 202

[PS1 68. 251 S 6@ 2634
3 122,22 4. 112 1224, 32 Q.22

i Ps& 6£8. 251 34 1785 174852
4 118, 45 58z. 128 1318.77 2. 222

Into LPT 115,22 414,62 1233. 49 471.271

PT exit Q.74 91.57 3. 4 471,271



3TPRO 3.31 Michael Brown 10~15-1990 11:46:43 Steam cycle p.&

STEAM TURBINE

Mo. of steps Exit Quality Efficiency (%) Work (kW)
To HPT additrn 4 1. 157
T HPT exit 3 1.233 81.66 23045
To LPT exit 13 2. 867 81.54 37299
3ross power = 60344 kW, Mech/Elect losses = 18190 kW.
Jernerator cautput = S8533 kWe. ST auxiliaries = 4102 kWe
Boiler feedpumps = 598 kWe
CONDENSER
P T h m
psia F BTU/1b kpph
LPT exit Q. 73€3 91.57 963. 42 471. 27
saturation @.7365 91.57
Condensate well . 7365 87.57 55. 58 471.27
Zoaling water in 65. 2@ 285e2. 97
Cooling water out 81. 22 285g2. 97
er of passes= 1 UR= €597 BTU/s~F Surface area = 2266 sq.ft
Tubes: OD =1 iwn Length= 38.6 ft riumber= 3195

Cooling water: Velcoccity= 9 ft/s DP = 9.02 psia Pumps = 322 kWe.

STEAM CYCLE HEAT BALANCE
Evnergy in = 260520 BTU/s

e e v s benee oo S v oo VoA S oy Smed A S Semd it S S G Tt A S S SR S SO SO Y Shett S e SRS SO St S St e SO and s ST Sy et OO P Fmae SOHS S S S o oo SO oS St S St $FOU St S S S SO S

GT Exhaust GT Exhaust Duct Burrier Makeup+Proe Pump External
Sensible Latent Fuel HHV Return Work Steam

it . St r S e o — S oS ass o S oo " o2t v WAV oo PP S S WP AR oM S LIS M S S o S o S e o i S St e S Soirn Gy SOt ol e e S e S S ot SO0 e RS (.3 S e fodte St S Shome meds SPRN Sy

e enaoa s Seows e Fo bt M S S0 PSS B W WS Pt S SO PO SSRGS S e oS oS Soese Leses Sevwe Sate o S Y o R . St S S Bt e s SIS oy g S et e SOAS S i S St e S SO AR one Sorew G me oS4 $SHER S et PO oy

e v a0 o Gve e G0t S S Tt taove SePR S oo Seeee et e SeSmt Sevem FEASS $A4mt Gumay Suwd Sl Sotms comms S40d0 St P 4048 SNk Bevet S0 Sk e St St S i e ST Gonrn (e AP UG e S S48 S S Sive v GRS B S S & | D et St SOREP OO \nss OSSOt M WS . 007 se4e Sy et S e o

Heat Blow Mech/Eleec Stack Stack Condrsr Process GT Proc. Electric
Radiated down Losses Serns. Latent C.W. Steam Ingec. Water Output
2734 6@a7 1716 45080 2359 118844 Q | 2681 55482

e e e o0 3 o o P o mbte Soane s e S Senet oo S0 AR SO Satee B SOV ) S RO S0 en FoTES S e Smi e Sanwe SowS® e Sepet Semen beved eied Seme WSS W ey by SiAS et et Gewe W (mete S e Soees S ekt S SO St SH0 ey St SO St e SOUSP PPN Gy SOV PSR Gt et S Geume Faree Smmve S FeeS Py Sovwn

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
H' Balarce Error = In - Out =-1.83 BTU/s = @ %



3TPRO 2.31 Michael Brown 10-15-199@ 11:46:43 Steam cycle p.3

HRSG GRS-SIDE PROFILE

“ Tg F Tw F DT F Qg/UA DELTA P UA an Vg Tupe Lwngth
HR/IP HR/IP F inch Hz0 BTU/s-F BRTU/s ft/s Rows ft

1 976.1 341.2 35.1
117. @ 1.9 226.7 2E526.7 S7.¢2 7.4 3.1

859. 1 3582. 1 z277.@

o4 859. @ S82. 1 277.12
97.8 3.3 S8@.7 5S6781.:2 49.5 15.0@ 6.2

e, S58:2. Z0. @2

3 ea2. 1 562. 1 4. @

3 gaz. 1 s8e. 1 0. @
£8. 3 1.5 281.3 19213.1 4. 3 8.1 Z. 4

Si3.@ 422. 1 112.9

51Z.12 4Q@. 1 112.9

4 S13.@ 4@, 1 112.3

4 Z13.@2 4@, 1 112.9
125. 4 2.3 4.3 €6813. & 33.8 1.6 w. 7

481. 82 342.3 138.7

481.2 342.5 138.7

S 481.2 342.5 138.7
9.6 2.8 185.3 17147.1 37. 4 S5.@ 2.1

. 421. 5 342.5 S8. @

& 420. 5 342.5 S58. 1

6 42Q.5 3e2.9 78. 2
84. 4 .7 164,28 13852.5 4. 4 4,8 Z2.a

234.8 e2t1.1 113.7

3324.8 ced. 1 114.7

7 334.8 S20. 2 114.8
9@. 6 Q. 4 123. 4 3367.3 2.1 2.9 1.8

290. 1 22v. 2 7.1

a8 2%a. 1 152. 2 143.1
151.1 2.2 SS. @ 8316.7 30.3 1.7 Q.7

290. & 87.5 162.7

Duct burwner fuel= 28 kpph :
Jas mole composition: 75 4N2+Ar 13.4 %02 S.67 %CO& S.95 %H20 .@@2 %S0z
Flue gas dew point = 37 F M. W.= =8

1RSG TOTALS Ecornomisers Evaporators Superheaters TOTAL
@ BTU/s 45313 8c471 28669 156453

JA BTU/s—F 316 862 265 1651
= SosEoE

s5. L 2EsssS 347033 132289 704846
P’me surface= 41081 fin surface= 663845 sq.ft. Averaged fin eff.= .727
4RSG frontal area = 10@1 sq. ft. Gas mass flux= 5.91 kpph/sq.ft
HRSG lergth = 19.4 ft, 4€6.6 tube rows, 2403 ft of tubes per row.
2 inm dia. tubes with serrated fins, staggered arrarngement.
Fin thickrness/dia.= .@3 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5
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W 501 D3
Water cooling
air to coal ratio 2.41 air pressure 211
water coal ratio 0.147 air tewperature 11
air to water ratio 16.39 water temperature a0

air
water

1b wt 2 wmols wol % partial

pressure
16,39 94.25% @.57 91.13% 1%.27
1,00 5.75% 0.6 8.67% 14,73 sat temp 224

Temperature of combined stream entering boost compressor

400,09 F sat pressure 247 psia Rel. Hum. 7.358%

Temperature of stream exiting compressor (85% comp eff)
Tf = Ti + (Ti/me{ (PF/PD)~((k-1)/K)-1D)

where

Ti - inlet tewperature - 400.09 F - 860.09 R

n - efficiency - 85.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 358 psia

Pi - initial pressure 211 psia

Tf 352,63 F

Cp air  0.248
Cp water 1.000
Cp steam @.455
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1 |Standardized IGCC Gasifier Utility Application Reference Coal -
2 |Mass & Energy Balance W 501 D5 Plant Full Load Predicted Gasifier Qul
3 |Stream No. 1 2 I 3 4 §
4 |Identification AR Coal Coal Fines Sized Coal CompAir@ 241 AC Waler @ 0.2¢
§ |From Iilinols #6 Sizer@  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water H2O¥
$_|To Sizer _B%nouhg Gasifler _ _ Gasifier 1 Gasifler Coal
7 |Gas Mol Wt Iohr wi% hr wi% | Ibar  wi% Wt R/mol wit% mol% W/
8
$ _jcO 20010 0 0.00 0.00 0.
10 |H2 2016 0 009 0.00 0.
11[|CO2 44010 1 0.01 0.08 0.03
12 |H20 18015 1838 018 064 1 3,137
13 |CH4 160 0 000 0.00

114 jCaneé 30068 ] 0.00 0.00 (1
16 |H2S 34076/ [ 0.00 0.00
16 |COS 60.070 0 0.00 0.00 0.
17 N2 2013 216534 2168 1503 7T

{18 |Ar 39948 3 038 1 093
19 |JHCi 35461 0 0.00 0.00 0.
20 {HCN 1026 (] 000 0.00 0.
21 |[NH3 17.0%0 [} 0.00 0.00 0.
22 |CS2 %131 (] 0.00 0.00 0.
23 |1502 .09 ] 0.00 0.00 0.
24 |[NO 30,006 o 0.00 0.00 0.
2502 31999 6317 663 2298 0.
28 |[NaCl 0497 0 0.00 0.00 0.
27 [KC1 74.996 o 0.00 0.00
28 |Total Gas (Wb/hr) 2ME14 2886 10000 100, 31,137
29
30 |Volumetric Flow Rotes (STP 14.7 psia, 59F)
3 1 }(acfm) 177
32 [(scfm) 3,19
33
34 |Heat (BTUND) 1308
36 |Cp (BTUNLF) 0249
36 [HHV (BTUMD) 10,776 10,776 10,776 ]
37 |[LHV (BTUMD) 102% 102% 10260 0
38 |{Sensible Heat ubove
39 |59 F Btu/ib steam 0 0 0 13
40 |Latent Heat of
41 |Water Btu/tb steam 7
42
43 |Chemical Heat 1226.20 367.86 1271.93 0.00
44 |(LHV) MBtu/hr
46 |Sensidie Heat 0.00 0.00 0.00 35.53
46 |above 59 F MBtu/hr
A7 |Latent Heat 64.30 1929 “.% 19
48 Jof Water MBtwhr
49 [TotalHeat(MBtw/hr) 1290.50 387.15 1342.25 37.44 40.73
§0 |[Number of Gasifiers for 85% Plant Availability @90% Gasifier Avaiiability, 350 psia .
b 1
52 12011 71966  0.11%] 2159 6011 75,108 ©.78% £
53 |H 4994 417% 1498 417 4954 401% 04 3460
54 ]O 9,066 751% 2720 197 9,066 128 68,048 21,677
66 IN 14.007 1413 1.19% a4 L8 1413 113 216,534 31,137 [Toted
66 1S n 3449 28 103 18 349 27I% 284,829 1
§7 |CL2 35.500 0 0.00% 0 a 0 0.00% -
58 |H20 18.016 16,886 1410% Sp66 14 16,086 13.56%
50 |ZuFe204
60 |ZaS
61 |FeS
62 |[Fe208
63 |Zn0O
64 |ASH 11976 1000% 39593 1000 13,00 10.48%
¢5 |Total Solids 119757 10001%] 35977 10001% 1M45%
§6 [Total Flow (pph) 119,757 * 3ssn _1#3% I 5is i
67
68 |Total Flow (ppe) »nZ 998 1.0 0.17 .S
69 |Pressure (psia) 147 17 147 350 * 350 *
70 [Tempersture (F) 9 » 9 533 ¢ 353 ¢
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a1 o 1 P | o | algerulv1w1x|V]?|AA AB | AC | AD
al - Tilinols #6 J-1538 DE-AC21-89MC26291 | 1
sifier Qutput 10/16/90 Revislon 7 2
[ Uncomb 7 8 9 ] 10 “35 scl1b of coal 3
* 0.2¢ Ash Carbon|Fines (Char) Tar Dust(per RT1 ¢ia) |Miscelizneous Hot Gas with Tars 4
oler H20/ | Guaifler 249% |Gasifier @ 4.00%|Caslfier @ 6.00%|Final Cyclone Gasifier Heat Gaslfier N2 ia coal &
L Coal |Ash Silo Briguettin _HGCU Reclaim Losses HGCU to NH3 Conv 90.1%) 6 |
Whr it % ke wt% Tor wt % b/hr wt % e IvVmol wit®% mol%| ?
8
111,763 6® 2626 2nw| 9
sqas 0.9 118 1426] 10
50,015 286 1178 6%] 11
LIRS 1) 21,730 1 s &so| 12
9,131 052 215 32 13
1811 010 043 oM| 14
3142 o8 074 05 18
o4 008 o2 oo 16
216,674 2% 2091 e 17
™1 o o8y 0% 18
[ 000 o000 aco| 19
147 001 003 00 20
1,453 008 o034 aem 21
0 0.00 0.00 000{ 22
0 0.00 0.00 00| 23
0 0 000 ooof 24
° 000 000 000 2§
() 00 000 aoof 36
° 0 o000 aoof 27
5,137 Q3,08 24.34 10000 28
- 29
Q3,608 30
17262 31
110,437 32 ,
33 .
1308 34 :
0260 0260 026 0.260 any 35 ;
() 1053 17,329 0 2,588 36 i
( 1093 16371 () 25750 37 !
38 ,
154 276 276 m Mg 39 )
) :
0 0 749 0 214 41 .
42 ;
m08 2% 11907 000 101081 43 ;
4“4 :
214 12 198 0.19 715 Wate/sean 148.40 45 |
jockeat 46 !
000 000 s3s 000 16.7 Traversing 91.0)| Gas HHV= 19 Bufpsct | 47 5
Stirrer Estimuted= sSSBud | 48 :
o1 | mxm 581 12644 0.19 882 Toul Glulut- SOBwh | 4 i
psia & 17 tph (typical) Coal each: 4.9 |Unit Output (MWw) ______153.9 MWa BukGw- 401%H0 | SO ;
Calc Comb Temp (F) _ 2080 g_
- 1936 x| 3T TI.e0% 613 $3.00% 70,087 0.00% | S2 |
3460 0  000% S5 8.00% 10,534 0.00% 3
n, 0  000% 14 200% 119,800 0.00% 54 |
.17 0 0.00% 7 100% 217,947 0.00%! SS
° 0.00) T 7 100% 3449 002% | 6 | !
0 000% Sb-Tonls| Q1817 0.00% | $7 | .
0  000% ls—d E Mas | 58 | b
543 90 Strearys Constitums JUnbalance | S9 | H
1 a balance chock 60 ,
36 6 Cycle Efficiency(g) = 43.83% 61
0 o Cyde Efficiency (n) = 46.70% [ 62 |
12 2 63
11976 ss.08| 1073 2240% o 0 64
13912 100 4790 10000% 7,185 100.00%: 604 100 ::
137 13912 4,790 7188 4 €s,608 66 |
i 13912 =
.S 186 133 200 017 1.2 68
390° 14.7 350 * 30 ¢ 286 296 69
93¢ 630 1120 1120 1300 1120 70
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1 |Standardized IGCC Gasifler Utility Application Reference Coal - 1l
| 2 |Mass & Energy Balance W 501 DS Plant Predicted Gasifier Ou
S |Stream No. 11 12 13 14
‘ 4 |Identification Alr Bleed Ailr Bleed Air Compressor Discharge
! 6 |From Atmosphere Compressor for Compressor
' 3_|To Gas Turbine Compremor_ Booster Compressor Cooler Coolant
; g 7_[Ges MaWi | IWhr  mol wt% mol% | o e wi% ma %] hr | W
: ' 8
® jCO 28010 0 0.00 0.00 0.00 [ €.00 000 000 0
10 {H2 2016 0 0.00 0.00 nool [ 0.00 000 000 0
11]C02 44010 1348 0.0l 0.08 00 bk /] 001 005 00 1092
12 |H20 18015 18,108 o1 0.64 1@ 1,838 [ }1] o6 1@ 1,61 14,653
13 |CH4 16042 0 0.00 0.00 0.00 0 000 000 000 ]
14 |C2Hé 0068 ] 0.00 0.00 000 0 0.00 000 000 o
. 15 |H2S U076 0 0.00 0.00 0.00 0 00 000 000 0
16 |COS Q00 0 0.00 0.00 0.00 0 0.00 000 €00 [
17 |N2 28013] 2,136804 21.65 7503 TI2s] 216,534 2165 7908 T8 190,874] 1,729,396
18 |Ar 39948 37,409 03 1 098 3,91 038 131 095 34 20,277
19 [HC1 36461 0 0.00 0.00 0.00 0 000 0.00 0.00| 0
20 JHCN 21026 ] 0.00 0.00 0.00 0 Q.00 000 000 ]
21 [NH3 17030 [} 0.00 0.00 0.00 0 000 Q00 000 0
22]Cs2 76131 0 0.00 0.00 0.00 [ 0.00 Q00 000 0 0.00 0.00
23 |SO2 “o» 0 0.00 0.00 0.00 0 0.00 000 060 0 0.00 0.00
24 |NO 30.006 0 0.00 0.00 0.00 (] 000 000 000 (] 0.00 0.00
26 |02 31999] 68443 68 7% 2072 snNn7 «CQ 1M 2072 ", £29.658 « 7%
26 |[NaCl 98497 0 0.00 0.00 0.00 0 000 Qo0 000 [ 0.00 0.00
27 |[KC1 74.996 0 0.00 000 0.00) 0 6 000 000 0 000 0.00
28 |Total Gas | 2848104 28.86 100.00 0000] 288,614 2806  100.00  100.00 234,412 078 2086 10000
20
30 ) Volumetric Flow Rates (STP 14.7 psia, S9F) .
31 |(acfm) 3,1 9912 79,168
32 |(scfm) 623,179 63,15 36066 | 304,363
33
34 |hgAdiabHeat(BTUMD)
‘ 35 |Cp (BTUALF) 0240 0.255 0255
3¢ |HHV (BTUAL) 00 00 00
37 |LHV (BTUNY) 00 00 00
38 |Sensibile Heat
30 |above 59 F Btw/Ib 0 166 166
40 |Latent Heat
41 lof Water Btw1b 7 7 7
42
43 |Chemical Heat 0.00 Q.00 0.00
44 |(LAV) MBtu/hr
45 |Sensible Heat 0.00 4190 E1 X
46 |above 59 F MBtu/br
A7 |Latent Heat ) 1.8 191 1524
48 |of Water MBtu/hr
49 |TotalHeat{MBtwhy) 1.83 4981 39783
60 Parssitic Load 11583
61
? 53 12011 7] » 29% 790
: 53 |H 1.008 204 1 198 e8]
! 6410 1 ans 998 AW 34|
i §6 I[N 14.007 216,534 190,87 17129996 1,129,396
[ %s 0 0 0 0
[s7]CL2 38 28 [ 251,010] sb-sousls 4 a0l
‘ . 58 |H20 18016 balance check
e840 69 |ZnFe204
.::.\3.81 60 z.s
61 [FeS
62 |Fe2003
63 {Zn0O
64 |ASH
65 |Total Solids
. 66 [Total Flow (pph) | 248,104 288,614 254412] 2,301,070
_— &7
68 [Total Fiow (ppe) M1.14 ¢ %0.17 . 061 64030
69 |Fressure (psia) 147 e m
70 ; Femperature (F) 90 711 * 11




M A8 1 AT 1 a0 | Av. T aw [ A 1 Av | Az | BA ] B8 ] 8 80 — BE BF (80 |
l+ Tllinols #6 J-1538 DE-AC21-89MC26291 1
ifier Qutput Revision 7 10/16/90] 2

17 3

¢ Discharge Thrm!NO (ppmvd) 25 |Exhaust Gas 4

r' *Rick/Lean Red.F  85% |Gas Turbine

[3
W% wmol % mots Wl % mol% mow/hr Wi % mol® | 7

¥ 8

am 000 111,763 3990 26.38 7 [ 000 000 0.00 (] .00 000 00of 9
(] 0.00 4966 2463 117 14.10 0 0.00 000 0.00 ) 0.00 000 ooof 10
008 0.03 20,013 1,136 1180 651 257,404 273 o.oml 243 251,524 $851.49 86} s 11
06 1@ ns2 Lne s.68 1.0 109,448 116 000 401 111066 616519 312 s. 2
o 0.0, 9131 s® 216 326 0 0.00 0.00 0.00 o 0.00 000 0. 3
an 0.00 1811 ] 0.4 oM 0 0.00 000 0.00 [} 0.00 000 0. 14
(1] 0.00, n 1 601 oo [\] 000 000 0.00 o .00 000 0. S
0w 0.00, 9 (] 0.00 0.00) [ 000 000 000 ] 0,00 000 0 6
1] 28| 216674 .78 s11¢ “n] 147019 2067 0.0253 73S 7300 2137953 7632004 ne? 74.39 17
b} 093 3,791 9 o® 054 4,067 0.36 000 128 31409 93644 125 ool 18
0% 0.00 0 ° 000 0.00 0 000 000 0.00 o 0.00 000 o000 19
a0 0.00| 147 ] am 003 0 000 000 Q.00 o Q.00 000 o.00 20

(1] 0.00 1453 &S %] 0.9 0 0.00 000 Q.00 o 0.00 000 0.00f 21
(1.7 0.00 0 [ ao 0.00 o 0.00 0.00 0.00 ] 00 000 o.00l 22
000 0.00| [ (] 0.00 0.00 ® 00007  0.0000 00025 00011 ® 108 000 o000l 23
00 0.00 [ 0 0.0 0.00 363 00060  0.0000 00206 00! 363 n 002 o| 24
nn 20.72 ° 0 000 000] 300,163 404  0.0044 1393 OLe2 1370736 14.70 13.31] 28
0% 0.00 0 [ 0.00 0.00 0 0.00 0.00 0.00 ] 0.00 000 o0.00f 26
(7] 0.00 0 [ 0.00 0.00 0 0.00 000 0.00 o 0.00 000 0.00 27
%0000 100.00| 423,713 17469 100.00 10000] 2728791 2297  0.0MS 30000 100 2963203  303000.37 100.00 100.00f 28
2,728,794 bal &k 2903206  baleck 29

30

17894 209286 1,753,054 31

110291 94,644 50312 2

3

34

0IM ozrs 0267 3s

2,5489 0.0 00 3%

2,3%00 0.0 o 37

38

375 587 M6 39

. 40

219 42 9 41

42

987.26 0.00 0.00 43

44

158.68 1920.15 74.83 45

46

07 1’ 115.51 47

48

1238.67 163398  1636.50 bal chk $30.34 49

I Combustion Turbine Output _ 107.179 MWg | 1.05 Turbine Compressor Surge Mamgin 50

J
70201 70,201 0.00%! 70,234 0.00% 52 |

12,161 12,161 0.00%: 12,341 12,41 0.00% 53

664,98 0.00% TUST2 0.00% 54

1.547,342 m?.so;I 0.00%; 21%216 2138216 0.00% 55
34 34 0.10%) 34 34 0.00%; [ 56 |

54,724 k71] 0. a9 S 57

belancs check balance check 58

59

60

61

62

63

64

65

43713 22891 3203 :f'

n.™ 758,00 ;|6 68

286.3 03 ¢ %13 [1)

1180 2060 ¢ 980 * 70
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1 |Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6
2 |Mass & Energy Balance W 501 DS Predicted Gasifier Output
3 |Stream No. 18 19 Thrml NO (ppmvd) 28§ 20 21
4 |Identification Fusl for Supplementary Firing Flue Gos SCRRedF 80% | Superbested Steam | Low Pressure St
§ |From Gasifier HRSG RLRF 85% HRSG HRSG
¢ _ITo . HRSG . Stack NOxReburaF__ 0% Steam Turbine Steam Turbin
7 |Ges  MolWt W/hr 1/mol wt % mol% b m wt % mol% Ib/br To/or
8
9 |CO 2801 0 ¥ 2626 0 0.00 0.00 0.00
10 |H2 201 o 09 1.18 0 0.00 0.00 0.00
11]CO2 4401 o 286 178 257,524 85149 O 5.68
12 |H20 18015 [} 12 . 111,066 616519 % /) 599
13 |CH4 0 02 218 0 0.00 .00 .00,
14 |C2A16 30! 0 0.10 ae 0 0.00 0.0 0.00
15 |H2S X 0 o.18 074 0 0.00 0.00 0.00
16 |COS . o 0.08 on [} 000 0.00 0.00|
17 |N2 0 12% 3091 2,137953 7632004 7.6 7411
18 |Ar 39.94 o 02 0w 37,409 93644 128 oo
10 [HC1 o 0.00 0.00 (] 0.00 0.00 0.00
20 |[HCN . o 0.01 0.0 (] 000 0.00 0.00
21 |[NH3 17 (] 008 04 ° 0.00 0.00 Q.00
22|Cs2 (] 0.00 .00 [} 0.00 0.90 0.00(Stack Bmissions (/MBw)
23 (] 0.00 0.00 ® 108 0.00 0.00/0.053
24 o 0.00 0.00 119 178 0.00 0.00{0.09
25 0 0.00 0.00 4862 1370136 14N 1331
26 o 0.00 0.00 ] 0.00 0.00 Q.00
27 (] 0.00 0.00 o .00 0.00 0.00
28 0 24.4 100.00 792 102983.33 100.00 100.00
20 2.982,756 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, 59F)
31 |(acfm) (] $89,507
32 |(scfm) 0 €50,.217
33
34 |Heat (BTUAD) 14995
35 |Cp (BTUALF) 0334 oMs
3¢ |HHV (BTUND) 2489 00
37 |LHV (BTUAY) 23300 (]
38 |Sensible Heat above
39 |59 F Btu/Ib steam 0 1]
40 |Latent Heat of
41 |Water Btu/lb steam 0
42
43 |Chemical Heat 000 0.00
44 |LHV) MBw/br
45 |Sensible Heat 000 14103
46 |above 59 F MB/br
47 |Latent Heat 0.00 11551
48 |of Water MBtwhr
49 |TotalHeat(MBtw/hr) 000 25634 483.701
50 HRSG Turbine C
5 1

2|C 12.011 0 7034 7034 0.00%)
53 |H 0 1241 1231 0.00%
654 |O 16 0 TUT2 T4 0.00%;
66 N 14.007 0 2,138,006 2,138,006 0.00%
58 |S 2 0| M ¥ 0.00%;
57|CL2 38 | Olsbsoul 2,943,347 2945347 0.00%{sub-satal
68 |H20 1801
59 |ZnFe204
60 |ZnS
61 7eS
¢ 2 |Fe203
$3 |ZnO
64 |ASH
65 |Total Solids
6 6 |Total Flow (pph) 0 2983203 784
67
68 |Total Flow (ppe) 0° 2867 uu‘
69 |Pressure (psia) 2863 i47 1268
70 |Temperature (F) 1100 2% ¢ 935‘ -
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Utility Application
W 501 DS

Reference Coal -

1 Cl
Illinols #6

Stream Ne.

Identification

From

To

Gas

Nttt |atfat]ae
olelsiNlalnlalalnlwlol®(®N®|P|®9)™ |-

X

26
Conc §O2 Bleed
Regen Loop
SRP

Predicted Gasifier Qutput
27

350,443

0 0.00

0 0.00
“ 0.02
181 0.20
0.00
0.00
0.00
0.00
24.10
0.00
0.00
0.00
0.00
0.00
1.2
0.00
0.3
0.00
0.00
n1

21

BecocoBoooo

-
oo ~NO

0.00
0.00
033
10.03
0.00
0.00
0.00
0.00
7%0.53
0.00
0.00
0.00
0.00
0.00
106.36
0.00
991
0.00
0.00
907

I/ar  low/mol mol/hr wi%

0.00
.00
0.03
0.62
0.00
0.00
0.00
0.00
74.87
0.00
0.00
0.00
0.00
0.00
2337
0.00
109
0.00
0.00
100.00

cppoofeope

=
-

Eppg—p
g

27a

Elemental Sullur]
DSRP

Marketable Byprod

(acfm)
(scfm)

Volumetric Flow Rates

12,39
68,746

( STP 14,7 psia, SO F)

)

Heat (BTU/D)

Cp (BTUN F)

HHV (BTUAb)

LHV (BTUAbY)

Sensible Heat above

59 F Btu/ib steam

Latent Heat of

Water Btu/lb steam

024

0240

0.000 ﬁ

Chemical Heat

(LHV) MBtu/hr

Sensible Heat

above S9 F MBtu/hr

Latent Heat

of Water MBtw/hr

TotalHesi(MBtuhr)

1129

113.0¢

7%

o1

(XY

1398 {
Q.00
0.00

13.58

R X-3--Ke!

CL2

H20

ZnFe204

ZnS

FeS

Fe203

ZnO

ASH

Total Solids

Total Flow (pph)

12.011

16.
14.007

18.01

330,443

0.00

29204

3413 1

3,413

Total Flow (pps)

Pressure (psia)

Temperature (F)

9133

1400

8.11

1300

095
15
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100 MW Utility Cycle
General Electric 7111 EA
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GTPRO .31 Michael Brown 1@2-15-199@ 13:16:33
1IGCC 529 — 1@ MW UTILITY CYCLE
’\IERQL ELECTRIC 7111 ER

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 12@ % rating, XIGV= @

Site ambient conditions: 14.7 psia, 59 F, 6@ % RH
Inlet loss= 4 inch H20, exhaust loss= 10 inch Hz20
Evap. inlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compresscor inlet airflow % reduction = @
Compressor efficiency reduction % = @
Turbine efficierncy reduction % = @

Maximum firing temperature excess over base load = a2 F
Combustor % pressure loss (@ means rnominal value) = @
Combustor inefficiency + heat loss % (@ means nominal value) = @

Cooling air increase % (@ means rnominal value) = @
Process air bleed location (@ means none) = 1

Process air bleed % of inlet = 10.13
# Model PR TIT TET Mair kWe H.R.LHV Mex NE+Ar oz coz H20
F F kpph ETU/kWh kpph % % % %

.G. E. 7111EA 12.7 2022 999 2306 B4385 12986 2416 75.02 13.37 S.66 S5.95

Fuel flow = 343 kpph
G.T. auxillary power = 433 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M. W, MOLE COMPOSITION %

F psia kpph NZ+Ar oz co= H20
Ambient air in =) 14,7 2306.¢2 &8.795 78. 22 c2A. 74 Q.23 1.01
Compr. inlet =2 14.55 Z306.:2°3 =8.73 78. & 2. 74 Q.23 1.01
Turbire coolant misc. 177. 22
Process air bld €8 184. 42 233.63 =8.73 78. ¢ 2. 74 .33 1.01
Compr. disch. =YYl 184. 42 1895.45 £8.75 78. 22 zQ.74 Qa.a3 1.21
Turbine inlet 20c 177.04 2238.33 =8. 87 74.77 12.78 €.11 €. 34
Turbirne exhaust 399 15.06 2415.55 &8. 86 75. a2 13. 37 S. 66 S. 95

o o T S S — — S = S U " 000 o LS SO S S PSS P S e MM S S B o S TSN e S e St shas bes

Turbine coolant= 7.68 % compr in
GT specific power @ gen term= 36.6 kW per kpph
GT efficiency @ gen term= £8.58 % HHV = 31.06 % LHV

.




GTPRO 3.31 Michael Brown 10-15-199@ 13:16:33 Gas Turbine p.:&

, B5AS TURBRINE/GENERATOR HEAT BALANCE
nergy inm = 288349 EBETU/s
Inlet air Inlet air Water Steam Fuel
Sensible Latent Iny. Iny. HHV
4218 4265 2 ] 79866

e o o — e o 72 S S o0 S S i M. St S S S S T S S AR e o S S S WA D S VD S S V" 9903 SR G e e S St O S o e G S S o Sty s S

...—_._..——.——_——-————.——.———_-——._.—_.——_.__._—_—_—-—.———.———_—————_-_._.—___——___.-_..._._..__—.__-_.—_—_.__

Incompl comb GT Mech. Gearbox Generabtor Exhaust Exhaust Electric Praoc
& carcass rad Losses Loss Loss Sensible I atent Output Air
12az@ 439 Q 128 168691 26189 79986 12862

Zero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Heat Balarce Erreor = In — Qut =-74.1 BTU/s =—-.026 =%

. =




GTPRO 3.31 Michael Brown 1@0-15-1990 13:16:38
IGCC 59 - 1@ MW UTILITY CYCLE
‘NERQL ELECTRIC 7111 EA

Steam cycle p. 1

pe: & Subtype: 2 Induction

P T h m uA Q A
psia F BTU/1b kpph ETU/s-F BETU/s  sq. ft
Crnd rtrn Q. 74 87.57 S5.58  390. 261
Makeup 17.89 8Q. 00 48. B2 €. 6@7
FW supl 17. 89 87. 45 SS.45 396.668
LTE 296. 668 45 €879 20636
frem LTE  17.:20 150. 2@ 117.88 396.668
LPE 28. BES az 7741 34766
water bleed 593, 730
htd. FW 17. 20 220, 08 188.13 336.938
HPFW 1479. 87 221.17 193.69  288. 443
HPE1 288, 443 114 10165 50605
€ 1422, 95 343.99 320. 56 2. 200
HPEZ 288. 443 45 S445 19631
7 1395. 59 4B3. 43 388. 51 2. 0@
HPEZ 288. 443 217 14743 92078
8 1368. 22 S64.65 572.59 2. DOR
Elwdn 1368. 22 584.65 595. 43 5. 656
HPE =82.787 185657
9 1368. 22 584.65 1175.66 2. 0O
HPS1 282.787 @
1@ 1368. 22 584.65 1175.66 2. 20Q
‘.—_ za2.787 79806
11 1315. 60 941.00  1460.70 2. 200
Inte HPT 1265.0@ 935.20 1458.99  £82.787
bef addn 3S50.00 630. 42 1330.20 =B2.787
HPT addn 350. 00 432.00  1204.38 59, 730
aft addn 350. 020 S90.26  1308.36 342.517
HPT exit 115.00 389.97 1219.63  342.517
1PFW 129. 36 z20. 29 188. 56 48. 495
1PE 48. 435 8479
1 124. 38 343.99 315. 62 2. 00
Blwdn 124, 38 343.99 315. 62 2. 951
1PE 47. 544 49815
z 124. 38 243.99  1191.86 2. 22
IPS1 47. 544 1973
3 124, 38 423.49  1225.89 2. D2
1PSE 47.544 12385
4 119. 6@ S584.65 1319.98 2. 00Q
Inta LPT 115.0@ 410.99 1231.50  390. 261
LPT exit 2. 74 91.57 962.17  390.Q061

e < o s S oA~ o S o s . S " — - o " " S S Sy g S Peare oo — S fa e So5 o o A S S s S Lo S oS s e et ot b Sy S S o MRS Sl i S G S Somie S S W S Sy g S e S St S b
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GTPRDO 2.31 Michael EBrown 12-15-1990 13:16:38 Steam cycle p.:<2

. STEAM TURBINE

v s o ot S ot . (o S b S o P A4S0 I F e ST o o S P et Sy S Soant S e e S S S e S e St o S0} St S IR SO e S e e Saaes SO Sy O S S e Sl A . D TS SOV SO s PO et Sy rere P

No., of steps Exit Guality Efficiency (%) Work (kW)
Ta HPT additn 4 1,157
To HPT exit 3 1.433 81.66 19579
To LPT exit 13 2, 866 81.31 20786
Gross power = SB3IES kW. Mech/Elect losses = 2013 kW.

Gererator ocutput = 48330 kWe. ST auxiliaries = 338 kWe
Boiler feedpumps = S32 kWe

CONDENSER
P T h m

psia F BTU/1b kpph
LPT exit Q. 7365 91.57 2. 17 390. a6
Saturation @. 7365 91.57
Condensate well Q. 7265 87.57 55. 58 32, 0
Cacling water in 65. aa 23578. 16
Cooling water out 8a. 22 23575. 16

.mber of passes= 1 UR= 35452 BTU/s—F Surface area = 26669 sq.ft

Tubes: OD =1 in Length= 38.6 ft number= 2641

Cooling water: Velocity= 9 ft/s DP = 9.2 psia Pumps = 26& kWe.

STEAM CYCLE HERT BALANCE

GT Exhaust GT Exhaust Duct Burrer Makeup+Proc Pump Extermnal
Sensible Latent Fuel HHV Ret urn Work Steam

ress e v v e . e S e oA et o4t e 400 Sosne S SO A P PO (S S e e Srven e o e St P48 s S e SSare Smass e St Taoen G S St Pt VS S S S S St S04 e e Sadt SSSRS S Y eSO Sl G S S St S et om0y an

vt v e ey st o090 e e S S o Shee S WSS s e SNt R S e S S S g S e S S e St U S e at Soemt S i et o st Aot e GO s o M e ooy SO S oo S it M W (it S S O S o S S G

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
Radiated down Losses Sens. Latent C. W. Steam Injec. Water Out put

ote oo S o o ot i S S0 o {70 SO S i o Soare T e s B i S S W S S T — o~ ——" L0001 (oS . o AP O™ Tt S S St S S SO SOt e oo S P S S ot e S S Sfun it o e Vo S G (e S eSS Mo Coow St 2% Py e Smen Sy Sy e S

s cmoe ot " ven e St e et O St Satte i SO St S S AnRD S o SOt ke S SO eSS Sh048 SHSAs h S Aate Sefme e b SO G a0 Sy B SPOES Pante PR s SO Gap e SO Sy S S s 08 S men St Sy S SR St M S U S S Pl e S GRS it S WSS S e S i s s S

Zerc enthalpy: dry gases & liquid water @ 32 F (
“at Balarnce Ewror = In -~ Out =-,875 BRBTU/s = @ %



GTPRO 3.321 Michael Brown 12-15-199@ 13:16:38 Steam cycle p.3

, HRSG GAS-SIDE PROFILE
as Tg F Tw F DT F GQg/UAR DELTA P uA Qg Vo Tube Lngth
HP/IP HR/IP F inch H20 EBTU/s-F BTU/s ft/s Rows ft
1 994. 9 941. 0@ =53.9
139.5 1.8 162.1 22614.4 S8. 4 6.6 2.7

e o g o e ot el S o ettt S M i . S St St S S i o Tl (it b o S S P S S S O s S o4 S SeTSS POV S S Y A T W _—— T S S o o e S S M ot " S S e S Y S Soaa® S e e Sy F S P

100.3 3.4 477.3 47882. 0.2 15.3 6. 4

E04.7 S84.6&  E0.0

3 E04.7 S64.6  40.Q

3 604.7 S84.6 20. @
67.1 1.6 24@.7 161S51.&  42.7 8.6 3.6

S12.2  403.5  108.7

Sig.2  403.5  1@8.7

4 Stz.&  423.5  128.7

4 S1Z.2  403.5  1@8.7
120.9 2.3  49.8 S953.1 4Q.@ 1.8 a.7

477.9  344.@  133.9

477.9 3Z44.@  133.9

S  477.9  344.0 133.9
6.2 @.7 121.8 11687.9 37.9 4.1 1.7

‘ 410.@  344.0 66. @

& 412.0 344.2  66.@

6  410.@  344.Q 6. @
89.8 2.7 133.6 11995.4 35.8 4.9 =@

339.8 221.&  118.6

339.8 220.1 119.7

7  339.8 SE0.0  119.8
94.9  @.4  B82.4 7817.9 32.5 2.9 1.2

293.7 =200 73.7

8 ©£93.7 150.0 143.7
154. 1 2.8  45.1 6348.0  30.7 1.7 2.7

o52.6 87.4 165.1

Duct burner fuel= @ kpph

Gas mole composition: 75 %N2+Ar 13.4 %02 S.66 *#CO= 5.95 %Hz0 @as 4SS0z
Flue gas dew point = 97 F M. W.= 28.9
HRSG TOTALS Ecorcmisers Evaporators Superheaters TOTAL
@ RTU/s 389349 6672 24083 129753
UA BTU/s—-F 441 eég 199 1312
’ aq. ft 191428 270238 B4164 555830
i

me surface= 32332 fin surface= S23497 sq.ft. Averaged fin eff.= .726
HRSG frontal area = 884 sqg.ft. Gas mass flux= 5.96 kpph/sq.ft
HRSG length = 19.1 ft, 45.7 tube rows, 1929 ft of tubes per raw.
& in dia. tubes with serrated fins, staggered arrarngement.
Fin thickness/dia.= .83 , height/dia.= .4 , spacing/dia.= .@7
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5




BE 7111 EA
Nater cooling
air to coal ratio a4 air pressure 184
water coal ratio 6.133 air tesperature 689
air to water ratio 18.12 water temperature 88
1b wt* wols wmol % partial
pressure
air 18.12 94.77% 0.63 91.99% 169.19
water 1.0 5.23% 0.06 8.10% 14,9 sat tewp 213
Temperature of combined stream entering boost compressor
400,04 F sat pressure 247 psia Rel. Hum. 6.03%

Temperature of stream exiting compressor (85% comp eff)
Tf = Ti + (Ti/m#{ (PF/PD)A((k-1)/K)-1})

where

Ti - inlet temperature - 400.04 F - 860.84 R

n - efficiency - 85, 00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 350 psia

Pi - initial pressure 184 psia

Tf = 597.65 F

Cp air 0.248
Cp water 1.000
Cp steam 0.455
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. ‘.-—u romairs 3332990

2] 8 ¢ 0 | €& J F 1T 61 w [ 1 [ J T x T v 1T wT] N 1T o
1 |Standardized IGCC Gasifier Utility Application Reference Coal -
2 |Mass & Energy Balance GE 7111 EA Plant Full Load Predicted Gasifier Out
3 |Stream No. 1 2 I 3 4 [3
| ﬁlﬂnﬂﬂuﬂm AR Coal Coal Fines Stzed Coal CompAlr@ 241 AXC Water @ 0.26
§ |From Tilinols #6 Sizer @  30%|Combined Streams (Aux Compr &/or Booster Compr Cooling Water H20/
s _[To Sizer — B%umln. Gasifler _ Gasiffer - - Goslfier Coal
7 |Ges Mol Wt iv/ar wi% | I/er wt% | Ib/hir  wi® | Wb Ib/mol wi% mol% Nr
8
9 |CO 2010 0 0.00 0.00 X
10 |H2 2016 0 0.00 000 0.
11]CO2 44,010 11 0.01 0.08 0.
12 |H20 18019 1488 ais 064 1. 25,203
13 [CH4 16042 [ 0.00 0.00 0.
14 |C2H6 20068 [ 0.00 0.00 Y
15 |H2S 34.076 0 0.00 0.00 0.
16 |COS .07 0 0.00 0.00 0.
17 N2 20013 175,286 2168 750 n
18 jAr 39.948 17" 038 13 Y
19 {HCl 36461 0 0.00 0.00 o.
| 20 |HCN 1026 o 0.00 0.00 (X
21 |NH3 11.030 0 0.00 a0 0
[ 22]CSs2 %10 o 0.00 0.00 o
] 23 |s02 €09 9 0.00 000 )
24 [NO 30,006 0 0.00 o0
25 |02 31.999 S350 €63 2298 W
[ 26 INeCI 28497 0 0.00 0.00 Y
27 |KCi 74.996 [} 0.00 0.00 0.
28 |Total Gas (IW/hr) 233635 2886 10000 100 25203
20
30 |Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) . a3
32 'm) 51,121
3s
34 |Heat (BTU/D) 1932
35 |Cp (BTUML F) a2
3¢ |[HHV (BTUMb) 10,776 10,776 10,776 0
37 [LHV (BTUAY) 102% 102% 10260 0
38 |Sensible Heat above
39 |59 F Btulb steam 0 0 ] 135
40 |Latent Heat of
41 |Water Btu/lb steam 7
42
43 |Chemical Heat 952.61 2178 1034.51 0.00
44 |(LHV) MBtu/or
45 {Sensible Heat 0.00 0.00 0.00 ns
46 |above 59 F MBtu/hr
47 |Latent Heat 2,05 158 205 1.5
48 !of Water MBtu/hr
49 |TotalHeat{MBtwhr) 104467 313.40 1006.36 3.2 33.57
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia
§1
52 12011 827 .11 17482 MW 6120 €0.73%) 0
53 |H 1008 4043 4% 1213 A 4043 4.01% 165 2,901
64 O 16.000 3% k} 2202 7.57% 739 1.28% 55,088 2,405
55 N 14.007 1,144 1.10%) M3 L% 1,144 L13% 175,286 25,208
¢S .00 212 2.88% 88 28% 27192 271% 230,566 [ Tota.
[s7jcL2 35,500 0 0.00%; 0  0.00%) [ 0.00% .
58 |H20 18016 13,66 14.10% 4101 1410% 1366 13.56%;
59 |ZnFe204
60 |ZnS
61 |FeS
62 |[Fe203
63 |ZnO
64 |ASH 9,694 1000%] 2908 1000% 10,563 10.48%)
§5 |Total Solids 96944 10001%] 29083 100.01%{ 100,831 100.00%)
§ 6 [Total Flow {(pph) 96,944 ¢ 29083 100,831 233,633 25203
67
68 |Total Flow (pps) 2693 808 28.01 64.90 700
69 |Prassure (psia) 147 147 147 350 ¢ 3%0 -
70 |Temperature (F) 9 39 98 * 28 *




Tt ot St e s B8 et S Ve
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P o 1 R __ 1.8 | v | v | —w 1 X LY 1 Z 1 AA AB | _AC | AD
l- Tilinois #6 J-1538 DE-AC21-89MC26291 1
ifier Output 10/16/90 Revislon 7 2

[3 Uncomb 7 8 9 10 &S sciNb of coal 3

) (V1 Ash Carbon|Fines (Char) Tar Dust(per RTI dis) Miscellaneous Hot Gas with Tars 4
et M0/ | Gasifier 269% [Gasifler @ 4.00%|Gasifler @  6.00% |Final Cyclone Gagifier Heat Gasifier N2 ia coal §
t Coul |AshSilo Briquettin HGCU Reclaim Losses HGCU__to NH3 Conv 90.1%[ ¢
hr W% 3 wih | 1omr wi% | IbAr wt% M) To/mol wi%h mol%| 7

8

90473 63 2626 nul 9

4010 029 118 1426] 10

40487 286 1178 6% 11

5203 17,990 124 s.11 6g0| 12
1792 o2 215 326 I3

1466 0.10 043 o] 14

2,543 0.18 074 os3| 1S

8 oos 022 00 16

175,99 129 291 4ul 1?7

3,068 o2 0.99 o] 18

[ 000 000 Ooof 19

119 0.01 003 003 20

1176 oos 03 oesl 2

[ 000 000 000 22

[ 000 000 o000 2

° 000 000 000 4

[ 000 000 000 25
[ oo0 000 000| 26 |

[ 000 000 000 27

fa0s M52 3434 10000 30000 28
29

344,532 30

15,447 31
99,400 32 |

kX

1332 34
: 0260 0260 026 0.260 0129 3§
° 1093 17,229 0 25888 36

(] 10936 16,571 [ 2,35150 ;;

154 276 276 71} 49 39

40

0 0 749 0 214 41
(42

nn Qa 96.39 0.00 81825 ﬁ

1.73 107 1.60 0.16 0.7 Water/steam 120.13 45

Jocket 46

0.00 000 436 000 14.1 Traversing 73.69] Gus HHV= 19 Bovect | 47

Stirrer Estimatod= s« Bum | 48

24.46 4348 10235 0.16 74.8 Total 1012.07| Calculated= sBwb | 49

17 tph (typical) Coal each: 4.0 [Unit Cutput (MWn) 1223 MWa BukGa= 397% H20 S0

Calc Comb Temp (F) 2043 1
1,568 13! 3009  71.60% 5119  $3.00%) $6736 567 [} | §2 ]

nr 0 000% 46 800% s 8571 000% 3

o 000% 116  200W 96919 0.00% 54

0  000% S8 100% 176430] 1764 0.00% [

) omf 0 0.00%) 8 100% 2,92 2793] 002% 6
0 000% S>Touls] __ M1463| 341464 000% | 87 |

0  000%) Sum of umof Ges | Mas 58

40 % Streams Constitucats |Unbalsnce 59

10 2 balmee check 60

29 6 Cycie Efficiency(g) = 43.31% 61

0 0 Cycle Bfficiency (n) = 39.94% 62

10 2 63

9,604 u.mH 8 DA% 0 0 [

11262 100 387  100.00% $817 100.00%; 9 100 6S

11,262 3878 5817 489 344,532 :_6’

113 1.08 1.62 0.14 93.70 68

24 14.7 350 ¢ 3%0 ¢ 259 2% 89
0. 6% 1120 1120 1300 1120 70
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AE AF AG “AH_ | At | A3 | A ]| AL AM AN AD AP AQ AR

1 |Standardized IGCC Gasifier Utility Application Reference Coal - IIf
2 |Mass & Energy Balance GE 7111 EA Plant Predlcted Gasifler Qut
3 |Stream No. 11 12 13
4 _|Identification Alr Bleed Allr Bleed Alr Co-pn-of Discharge
§ |From Atmosphere Compressor for Compressor
¢ |To Gas Turbine Comprassor Booster Compressor Cooler Coolant Combustor
7 [Gs Mol Wt | IWar "'W_L'm wt% mol% | _E"ﬁ-” o wi% mol%| Ibhr | P/r Rimol wi® &
8
[ 0.00 0.00 0.00 0 0.00 Q.00 aml (] 0.00 0.00
10 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
11 001 0.08 003 11 o0t 0os 003 4 »e 0.01 0.08
12 018 0.64 1w 1,485 0.18 o 102 11271 1200 o1s a6
13 0.00 0.00 0.00 0 0.00 000 0% [ 0.00 000
14 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
15 0.00 0.00 0.00 0 0.00 000 000 0 .00 Q.00
16 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
17 21.68 7509 7128] 175286 2165 7503 TI2B 1 1422064 2168 7508
18 0.38 13 095 3,069 ass N 095 22 24,996 o 131
19 0.00 0.00 r.00) [ 0.00 Q00 000 [ .00 Q.00
20 0.00 0.00 0.00 0 0.00 000 000 0 Q.00 0.00
21 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
22 000 0.00 0.00 0 0.00 000 000 [ 0.00 0.00
23 0.00 0.00 0.00 0 0.00 000 000 0 0.00 a0
24 0.00 0.00 0.00, o 0.00 000 000 0 0.00 .00
25 663 2298 207 93,684 &6 s 207 @723 4355 e 2%
26 0.00 Q.00 Q.00 0 0.00 000 000 [ o 0.00
27 0.00 0.00 0.00 0 0.00 000 000 0 Q.00 .00
28 2886 100.00 100, IO 2886 10000 100.00 17, 1903441 2886  100.0)
29
30 |Volumetric Flow Rates ('S'I'P 14.7 psia, S9F)
31 |(acfm) 504,631 8979 72843
32 |(scfm) 504,631 sL121 3056] 414732
33
34 |hgAdiabHeat(BTU/Y)
35 |Cp (BTUNLF) 0.240 0254 0254
3¢ |HHV (BTUML) 00 00 00
37 [LHV(BTUAD) 00 00 00
38 |Sensible Heat
39 |above 59 F Btu/ld 0 158 158
40 |Latent Heat
41 |of Water Btu1d 7 7 ki
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 3688 29893
46 |above §9 F MBtw/hr
47 |Latent Heat 1525 1.54 12.53
48 |of Water MBtuhr
49 |TotalHeat(MBtuhr) 1525 3% 31146
50 Parssitic Load 1048 M
51

2(C 298 %0 23 25 43
53 |H 1,629 163 123 1.5% 109
5410 343768 53,088 Nk “6T 446,897
55 |N 1,730,316 175286 1 1422064 1422064
56|S 0 0 0 0 o]
67 |CL2 2.276,011|sub-s0tale 230, " 174,900] sub-totals S 1 S
68 |H20 balence chock
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |Zn0O
64 JASH
65 |Total Solids
66 |Total Flow (pph) 2,306,304 233,633 177228 ] 1,995,441
67
68 |Total Flow (pps) 640.64 * 64.90 ° 0923 $26.51
69 |Pressure (psia) 147 184 ¢ 184
70 [Temperature (F) 59 681 ¢ st
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T as L av 1 a 1 av | aw ] A& Ay | Az BA 8C 80 BE oF )
Illinols #6 J-1538 DE-AC21-89MC26291 1
r Output Revision 7 10/16/90] 2
17 3
tharge ThrmiNO (ppmvd) 25 |Exhaust Gas 4
. sRich/LesaRed.F  85% |Ges Turbine S
\ [3
B moi% e mol W% woi% | W mol Wt % mo% |7
8
00 000 000 000 (Y [ 000 000 ooof 9
0o 000 000 000 o ° 000 000 000f 10
008 270 oom1 o 0e468 473682 8.6) se8f 11
L] 118 0.00 397 %913 99103 mn sos| 12
L 0.00 000 000 o ab) 000 ooo0f 13
[ 0.00 000 a0 ] 0.00 000 0.00f 14
00 1 000 000 0.00 0 0.00 000 o000 1§
a® 7 0 000 000 .00 (] 0.00 000 o000 16
fgs0 175,399 6261 06 0@ 7140 173146 6100053 187 74000 17
1 3068 m 036 000 125 30293 75230 129 o091 18
0% o 0 0.00 000 0.00 0 0.00 000 000 19
(1] 19 4 000 000 0.00 0 0.00 000 0.00{ 20
00 1,176 ® 000 000 0.00 (] 0.00 000 ooof 21
(1] o 0 0.00 000 0.00 0 000 000 0.00{ 22
an (] 0 00007  0.0000 00025 00011 36 087 000 0.00{ 23
(1] o 0 00059  0.0000 00204 00197 436 1519 o002 0.0z 24
| 1] ] 0 407 00044 1408 1 355299 1110056 11 13.] 2§
om 0 [ D 000 000 0.00 Q 0 000 000 0.00{ 26
1) 0 [ 000 000 0.00 .Y ° 0.00 000 000 27
14,141 100.00 300.00 0.0043 300.00 100 15,667 83405.30 10000 100.00{ 28
2238442 bal ck 2415610 balck 29
30
16012 193,91 1438278 31
»281 487,816 $26,95 32
33
34
0334 oz 0267 35
25489 0.0 00 36
2330 00 () 37
38
38 346 291 39
40
219 41 39 41
42
799.20 0.00 0.00 43
44
128.46 1222.06 €07.31 45
46
75.06 9234 93.51 47
48
1002.71 131440  1314.17 balchk 700.82 49
I Combustion Turbine Output ___84.385 MW 1.05 Turbine Conmpressor Surge Margin _ | SO
S1
36,587 56,32 s 0. S6855 568939 [Y S2
.92 9,063 9865 0.00% 9990 0.00%; §3
345257 S, 0.00%; SIS SEIPs 0.00% S4
17 198493 1,%98493]  0.00% 173149 113149 0.00% sS
2 28 2 0.10%} ) 28 0.00%) 56
339, 10,475 1 0. 83 8s 0.00%}sub-total 57
balance check balance check 58
59
60
61
62
63
64
65
342998 2230439 2,415,667 66
67
9528 QL .02 68
259 177 * 15.13 69
1180 2000 * 999 * 70
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Q BH 8 BJ | BK BL [ BN_| B0 | ® | B2 | BR 1

‘ 1 |Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6

: 2 |Mass & Energy Balance GE 7111 EA Predicted Gasifier Output

‘ 3 |Stream No. 18 19 ThrmINO (ppmvd) 2§ 20

, 4 _|Identification Fuel for Supplementary Firing Fluwe Ges SCRRedF  80% | Superbeated Stemm

: 5 |From Gasifier HRSG R/LRdF 85% HRSG

! | & _[To HRSG Stack NOx ReburnF__ 0% Steam Turbine
7 |Ges Mol Wt 1o/hr 'mol wt% mol% 1) mols/hr wi% mol% 113
8
9 jco 0 €% 2626 n 0 0.00 0.00 0.00
10 |H2 0 0% 118 142 0 0.00 000 0.00
11 ]CO2 0 2.86 1178 6 208468 473682 .63 1.68
12 |H20 ] 1.4 5.1 6! 9913 99103 m 3.98
13 |CH4 0 0.2 218 3.2 0 0.00 0.00 0.00
14 {C2HS 0 0.10 043 0.34 0 0.00 0.00 0.00
15 |H2S 0 018 074 G.53 0 0.00 0.00 0.00
16 |COS 0 0.05 on o [} Q.00 0.00 0.00,
17 N2 (] 129 5091 “24| 1,731246 6180153 7.8 7411
18 |Ar ° on 0% 0.54 30293 75830 1.28 o9
19 [HC1 0 0.00 0.00 o 0 0.00 0.00 0.00
20 JHCN 0 001 003 003 0 0.00 0.00 0.00)
21 |NF3 0 0.08 0 0.4 0 0.00 0.00 0.00|
22 |CS2 0 0.00 0.00 (.1 ] 0.00 0.00 0.00{Stack Emissions (yMBw)
23 |SO2 0 0.00 0.00 o % 087 0.00 0.00{0.053
24 |NO 0 0.00 0.00 o 9l 304 0.00 0.00/0.00
25 |02 0 0.00 000 o 395299 11101.96 un 133
26 |[NCl 0 0.00 0.00 o 0 Q.00 0.00 €.00
27 |[KC1 0 0.00 0.00 Q 0 0.00 0.00 0.00)
28 [Total Gas (RVhr) 0 434 100.00 100, 15 83393.13 10000  100.00{
29 | 2,415,305 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(aclm) (] 73028
32 |(scfm) 0 926,518
33
34 |Heat (BTUNL) 1459.5]
35 |Cp (BTUNLF) 0334 aus T
36 |HHV (BTUND) 25489 00
37 |LHV (BTUADY) 231%0.0 0
38 |Sensible Heat above
39 |59 F Btu/Ib steam 0 o
40 |Latent Heat of
4 1 |Water Btu/lb steam 0 »
42
43 |Chemical Heat 0.00 0.00
44 |(LHV) MBtu/br
45 |Sensible Heat 0.00 11602
46 |above 59 F MBtu/hr
47 |Latent Heat 0.00 93.51
48 |of Water MBtwhr
49 |TotalHeat(MBtu/hr) 0.00 209.53 411_12{ |
50 HRSG Turbine Ouf
S1 1
§2|C 12011 0 36855 56,859 0.00%]
53 H _ L 0 9,990 9 0.00%
54 |0 16 0 586,851 586,851 0.00%;
§5 N 14.007 0 1,731289 1731209 0.00%;
56 ]S 2 0 28 2 0.00%;
57 |CL2 35 0 | 2385013 2585013 0.00%) sub-tatal
58 |H20 1801
59 |ZnFe204
60 [ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 [Total Solids
6 6 |Total Flow (pph) 0 2,415,667 282,780 4
67
§8 |Total Flow (pps) 0 611.02 78.55
69 |Pressure (psia) 2% 14.7 1265
70 |Temperature (F) 1180 293 * 939
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Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6

Mass & Energy Balance GE 7111 EA Predicted Gasifier Output
26 n 1)
Regen Rocycls Loop onc SO2 Bleed Elements! Sulfur Ehunnh: Sullu,
Regen Loop Resox Process DSRP
RP

SR - Marketable Byproduct | Marketable ByproC
wi% b/r  lbe/mol moks/hr wi% mol% Ib/hr wi% /br

0.00 0.00 0.00 0.00
0.00 0.00 0.00 Q.00
0.02 0.27 0.08 0.04
0.20 .12 o.& |81
0.00 0.00 0.00 0.00{
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00)
000 0.00 0.00 0.00)
M0 QLM s ®@
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00|
0.00 0.00 0.00 0.00;
000 @00 00 000
752 8626 nY 1M
a0 000 000 000
0.3s 8.02 1.09 1.09
Q0 000 000 0.00
0.00 0.00 0.00 0.00
219 75 10000 100.00

®

S|®INIS N IL]O]N |-

0.05
062

ooooiﬁeo

.87
0.00}

g

{23]s02 ny

BoBooooo

25102 ' 109}

&
$oo

100.00

30 |Volumetric Flow Rates  (STP 14.7 psia, SO F)
3 1 [(acfm) [ X7/ 786
32 |(scfm) 55,650 4,837

34 |Heat (BTUAD)
° 35 |Cp (BTUM F) 0240
36 |JHHV (BTUANL)

37 |LHV (BTUAL)

38 [Sensible Heat above
30 |59 F Btulb steam
40 |Latent Heat of

41 |[Water Btulb steam

g

0.000

43 |Chemical Heat 1100
44 |(LHV) MBtu/hr
45 |Sensible Hest 91.30 704 0.00
46 |above S9 F MBtuw/hr
47 |Ls ant Heat 1.83 01S 0.00

49 |TotalHeat{MBtu/hr) 93.13 1.9 11.00

§3
54
55 14.007

56 . 2,763
§7 |CL2 3s.
§8 |[H20 18.01
gt 59 |ZnFe204

et 60 |ZnS

61 |FeS

62 [Fe203

63 |Zn0

64 |ASH 0.00 0
65 |Total Solids
. 6 |Total Flow (pph) 283,686 23,640 2763
67

68 |Total Flow (pps) 7880 651 or
69 [Pressure (psia) 294 294 15
70 |[Temperature (F) 1400 1300 284

12.011

16.

LwZOomAnO

e
.o




e CL__ [X] <3 L O]
inols #6 J-1538 DE-AC21-89MC26291 | 1
Revision 7 10/16/90| 2
2 27 28 3]
Elemental Suur Sulfur Dioxide Ash 4
DSRP S02 Recovery Unit  {SO2 Reductor 5
-M_MEM Marketable Byproduct |Disposal €
t he 1b/hr wi% 7
s
9 |
10
[ 11
12
13
| 14 |
15
16
17
18
9
20
21

3 B B PP b B B B R R R L B LR

0.000 0.000
154 of 39
40
41
42
1 11.00 397 0|43
1 “
o 000 0.00 of 45
46
0.00 000 0.00 ol 47
48
11.00{ 1100 397 04| 49
50
51
274 3] 52}
3
54
s
2,763 2,76 56
57
58
59
60
61
62
63
9,654 57 84
9968 100 65
2,763 3,526 9968 100 66 |
67
a7 153 am 68
13 100 13 69
190 » 284 70




100 MW Utility Cycle
Asea Brown Boveri GT 11N
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35TPRO 2.31 Michael Brown 12-15-199@ 13:28:13
‘BGCC E@ — 12@ MW UTILITY CYCLE
3SEA EROWN EBOVERI GT 11 N

‘ ESTIMATED G.T. SITE PERFORMANCE

nel=Fuel G.T. ® 12@ % ratiwg, XIGV= @

iite ambient conditions: 14.7 psia, 59 F, 6@ % RH
[mlet loss= 4 inch H20, exhaust loss= 1@ inch HzO
vap. inlet coocler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

lompressor inlet airflow % reduction = @

tompressor efficiency reduction % = 0

Turbine efficiency reduction % = @ o

daximum firing temperature excess over base load = @ F
combustor % pressure loss (@ means nominal value) = @

Jombustor inefficierncy + heat loss % (2 means nominal value) = 2
Jwoling air increase % (@ means nominal value) = @

Irocess air bleed location (3 means none) = 1

mecess air bleed % of inlet = 9.5

# Model PR TIT TET Mair kWe H.R.LHV Mex NZ+Ar 0& coz H20
F F kpph BTU/kWh kpph % % % %

e e s o0 oo S oo e St v i o s S S S22 St 000 S P e Y S S S S ke a2 S S St b et e P PR A S R P O St S G S 008 410 G S e G P S S S S S e S G (Sl o WS ol 7 8 S S e £ S =

Tyel flow = 342 kpph
3.T. auxillary power = 448 kWe.

ESTIMATED G.T. CYCLE

.._.—._._--—-_._......_...__.._-._.—.—.__-..__—..._-—-————--—-—-—.—._.._.-—-_..._...___._...__.....—.—-—_———_—.———-_——-—.——.——..—-_—.———_—_.—

STREAM TEMP. PRESS. MASSFL.OW M. W. MOLE COMPOSITION %
F psia kpph NE+Ar e coz H&0

Imbient air in =9 14,78 2441.75 =28.79 78. 28 2. 74 Q. a3 1.21
Zompr. inlet a9 14,55 2441.75 28.75 78. 2 o 74 Q.23 1.@1
Turbirne coalant misc. =13.695

Process aic bld €393 184, 33 231.97 28.75 78.z2 =R, 74 . a3 1.1
Zompr. disch. 693 184.33 1996. 14 =8.75 78. &2 2. 74 Q. a3 1.21
furbine inlet 1975 179.73 2338.3@ =8. 86 74. 92 13,14 5. 84 €. 12
Turbirne exhaust 373 19. 26 551,94 8. 85 75. & 13.78 5. 39 5. 67

ompressor= 111877  Turbirne= 194331 Mech. loss= 664 kW
Tiurbine coolant= 8.73 % compr in

3T specific power @ gen term= 33.& kW per kpph

3T efficiency @ gen term= 27.94 % HHV = 29.93 % LHV




5TPRO 3.31 Michael Brown 10-15-199@ 13:28:13

GAS TUREINE/GENERATOR

Gas Turbine p.:2

HEAT BALANCE

.gy in = 288258 BTU/s

‘nlet air  Inlet air  Water Steam Fuel

Sensible Latent Ing. Ing. HHV

Tasee | 4sie e @ a7eere

Trergy out = 289915 BTU/s

reompl comb BT Mecn. earbox Generator Exhaust | Exhaust Electric  Proc
& carcass rad Losses Loss Loss Sensible Latent Out put Air
T lees sz 2 tis1  17zsee  =eass  7eses  iie@1
Sora owinalmys ary mases & liquid water & 32 F (27315 W0

Jeat Balarnce Error = In - Out =—166@ BTU/s =-.576 %



Steam cycle p.1
GCC c@ - 1a@d MW UTILITY CYCLE
ISEA BROWN BOVERI GT 11 N

Inducticn

‘ & Subtype: &
p T h uA Q A

psia F BTU/1b kpph BTU/s—F ETU/s  sq. ft

nd rErn @.74 87.57 55,58  398. @30

takeup 17.782 82. 0@ 48, a2 3. 384

W supl 17.72 87.51 55,51 4@1. 415

TE 401, 415 46 £955 21198

wom LTE  17.20 152. 2@ 117.88  4@1.415

.PB 29,210 86 7833 6602

iater bleed =3. 580

'td. FW 17. 20 220. 00 188.13  341.835

IPFW 1423, 77 221,13 193.48  £61.848

PE1L =81. 848 119 9819 53190
3 1382. 30 342,54 318. 89 2. 20@

IPES z81. 848 41 5113 17650
7 1368, 17 299. 84 384, 20 2. 20

IPE3 z81. 848 =7 14477 88284
8 1342, 04 562, 08 S€9. 12 2. 20

(lwdn 1342, Q4 582, 08 591. 91 2. 791

‘PB 279. 057 493 47140 192909
9 1342, 04 582.08  1177.03 2. Q@

iPs1 279.057 ? ] 2
1 1342, 04 s82.08  1177.@3 2. 20@

1R 279. 857 Z06 22023 102112

i 130e. 95 941.00  1461.14 2. Q0

‘mto HPT 1265. 00 935.08 1458.99  279.057

sef addn 350. 0@ 630. 4@  1330.2@ 279.057

IPT addn 350. 2@ 432.0Q 1204, 98 59. 580

1ft addn  3I50. 0@ 589.71  1308.16  338.637

PT axit 115.0@ 389.65  1219.45  338.637

PFW 125, 66 c2@. @9 188. 55 59. 987

‘PE 59. 987 19 1750 8245
1 12, 0@ 32E.S4 293,59 2. 2o

31wdn 122, 00 342,54 314,12 2. 594

PR 59. 393 161 14817 EEQ74
= 122, 0@ 342.54  1191.52 2. 2@

pPS1 59. 393 4 539 2263
3 122, 0 399.84  1224.17 2. Q2

pSa % 59. 393 29 1561 15156
4 118, 45 S82.28 1318, 77 2. 22

‘nte LPT 115, 0@ 415,23  1233.82 . 398.030

PT exit ?. 74 91.57 963.70  398. 1030

e et s e e oot oo St an S St G o e et T Same S WS Mo et St St PSSO OO ot Some S vt 0008 S44S0 Se0at oot doet G4 M S S99 SO S SeSMS M St St P oS AURS Sy Akt A Sl Seoen S S S S e SO UMY Posas S SO St S M Gess MRS Sy L ® S oS Pt Pt e e S



JTPRO 3.31 Michael Brown 12-15-1990 13:28:51 Steam cycle p.<2

STEAM TURBINE

. Nz, of steps Exit Quality Efficiency (%) Work (kW)
T HPT additn 4 1.157
foo HPT exit 3 1.@a33 81.66 19336
e LPT exit 13 2. 868 81.52 21528
Jross poawer = S0844 kW. Mech/Elect losses = 1325 kW.
jernerator output = 49319 kWe. ST auxiliaries = 345 kWe
Ioiler feedpumps = S@z kWe
CONDENSER
P T h m
psia F BTU/1b kpph
-PT exit 2. 73265 21.57 963.710 398. 23
Jaturation @. 7365 91.57
Zondensate well . 7365 87.57 5959.58 338, a3
Caolinmg water in €£5. 2@ 24097, 37
Sooling water out 8. 2 24197, 37
\%P of passes= 1 UA= 5573 BTU/s—-F Surface area = 27260 sqg. ft
Tubes: OD = 1 in Length= 38.6& f¢t riumber= 270Q

Zooling water: Velocity= 9 ft/s DP = 9.0 psia Pumps = 272 kWe.

STEAM CYCLE HERAT BRALANCE
Inergy in = 219773 BTU/s

L v ereis e Sar soue e S Soree S e e S o St o St i} MY PO S Pt S et S VoV e e S S S S S S S Tovas w8 bobup SPAS PGS Sapde POt S S St (e GuSee SMTRS VN Y ek S S BTS04 RO OO Moy S S S et ks S S

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External

Sernsible Latent Fuel HHV Ret wrn Work Steam
172966 ce39% @ 45 425 132942

Inergy -~ut = 219774 EBTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc., Electric
Radiated down Losses Serns. Latent C.W. Steam Injec. Water Qutput
2316 511 1446 28842 26395 1004125 2 Q 3114 46748

Zero enthalpy: dry gases & ligquid water ® 32 F (
.-Ii Balarnce Evror = In — Out =—-.873 BTU/s = @ *#




STPRO 3.31 Michael Brown 1@-15-199@ 13:28:51 Steam cycle p.3

HRSG GAS-SIDE PROFILE

. Tg F Tw F DT F ig/uUA DELTA P uA Qg vg Tube Lngth
HP/IP HP/IP F inch H20 RTU/s-F BRTU/s ft/s Rows ft

1 969.5 2941.@ 28.5
128. 2 Z.0 Z2@5.3 2&8243.0@ S56.93 7.9 3.3

854.5 s82. 1 272. 4

e 854.5 sez. 1 272. 4
26.7 3.2 492.6 47611.8 49.3 14.9 6. &

e2z. 1 582. 1 £, @

3 &2, 1 Ses. 1 42. @

3 ens. 1 Z8e. 1 2e. @
&8.7 1.5 235.7 161398.5 4.2 8.2 3.3

S514. 2 295.8 114.3

514. 2 399.8 114, 3

4 S14. 8 299.8 114. 3

4 14,2 339.8 114, 3
126.9 2.3 45, @ 57@8. & 29.7 1.5 2.6

483.10 342.5 142, 4

483. 0 342.95 140, 4

S 483. 2 348.5 142, 4
93. & 2.8 160.5 149€5.6 27. 4 S.1 2.1

, 402.5 342.5 S8.@

42,5 343.95 58. @

& 420.5 328.5 78. @
84.7 2.7 137.9 11684.8 4.3 4,7 2.0

335.6 2=1.1 114.5

335.6 zZee. 1 115.5

7 335.6 =220, 2 118. &
91.7 Q. 4 ae. = 7911.95 22.1 &. 8 1.2

291. 4 0. 0 71. 4

8 291. 4 15@. 2 141. 4
152.7 2.2 46. 2 7224, & 3Q. 3 1.6 2.7

252. 87.3 164.5

OJuct burrner fuel= @ kpph
jas mole composition:  75.8 %NE2+Ar 13.8 %08 5.35% % C0s S.67 #H20 .02 %4802

*lue gas dew point = 96 F M.W.= 8.9
iRSG TOTALS Econamisers Evaporators Superheaters TOTAL
G BTU/s 38114 69791 241z 13827
JA BTU/s-F 431 733 239 1412
Sz29 ERASEe74

Q sq. ft 188560 295585 119

me surface= 35115 fin surface= 568558 sq.ft. Averaged fin eff.= .728
4ARBG frontal area = 858 sq.ft. Gas mass flux= 5.9 kpph/sg. ft

4RSG lergth = 19.4 ft, 46.5 tube rows, ZAS9 ft of tubes per row.

& in dia. tubes with serrated fins, staggered arrangement.

in thickress/dia.= .03 , height/dia.= .4 , spacing/dia.= .@7

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5




RBB 6T 1IN
Water cooling
air to coal ratio 2.4 air pressure 184 Cp air
water coal ratio 8.139 air temperature 693 Cp water
air to water ratio 17.34 water temperature 89 Cp steanm

air
water

b wt % wmols wmol % partial
pressure
17,34 94.55% 0,60 91.57% 168.48
1.00 5.45% 0,86 B8.43% 15.52 sat temp 214.6

Temperature of combined stream entering boost compressor

400.19 F sat pressure 247 psia Rel. Hum. 6.28%

Temperature of stream exiting compressor (B5% comp eff)

TF = Ti + (Ti/n#{ (PF/Pi)*((k-1)/k)-1})

where .

Ti - inlet temperature - 490,19 F - 868.19 R

n - efficiency - B5.00%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume  1.384

Pf - final pressure 358 psia

Pi - initial pressure 184 psia

TF = 597.84 F

8.248
1. 000
0.455
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1 Standardlzed IGCC Gasifier Utility Application Reference Coal -
‘ 2 |Mass & Energy Balance ABBGT1IN  Plant Full Load Predicted Gasifier Ou
‘ 3 |Stream No. 2 r 4 § 1
; Identification . AR Co-l Coal Fines Sized Coal CompAir@ 241 A/C Water @ 0.26
: § |From Tiinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr
¢ Eo Steer _|Briquettin Gasifier B _Gasifier
7 L] MolWl ohr wt % Ib/hr wi % Id/r wt % hr IVmol wi® mol%
8
9 |CO 28.010 0 0.00 0.00
10 |H2 2016 0 0.00 0.00
11]CO2 44.010 110 0.01 0.05
12 |H20 16.019] 1482 018 0.64
13 |CH4 16042 0 0.00 0.00
14 |C2H6 20,068 0 0,00 0.00
16 |H2S 4.076 0 0.00 €.00
16 |COS 60.070 0 0.00 0.00
17 IN2 28.013 174857 21.65 75.03
18 |Ar 39.948 3p61 0.8 13
19 |JHC! 36461 (/] .00 0.00
20 |HCN 21.026 0 0.00 0.00
21 |NH3 17.030 0 0.00 0.00
22 |CS2 76131 0 0.00 0.00
23 |SOz2 409 0 0.00 0.00
24 |[NO 30.006, 0 0.00 0.00
25 |02 3199 53553 €63 29
26 |N2Cl $8.497 0 0.00 0.00
27 |[KCi 74.996 0 0.00 .00
28 [Total Gas (Iv/hr) 233064 2286  100.00  100.00¢
29
30 | Volumetric Flow Rates {STP 14.7 psia, 59F)
31 J(acim) 4,366
32 |(sctm) 30996
33
34 |Heat (BTUND) 1332
. 35 |Cp (BTUNLF) 0251
3¢ [HHV (BTUNb) 10,776 10,776 10,776 0
37 JLHV (BTUNY) 1023 102% 10260 0
38 |Sensible Heat above
39 |S9 F Bu/lb steam 0 0 o 138
40 [Latent Heat of
41 |Water Btu/1b steam 7
42
43 |Chemical Heat 990.19 297.06 1031.98 0.00
44 |(LHV) MBu/tr
45 [Sensible Heat 0.00 0.00 0.00 31.90
46 |above 59 F MBtu/hr
47 |Latent Heat 91.93 15.58 1.9 1.54
48 jof Water MBtu/hr
4¢ [TotaiHeat(MBtu/hr) 1042.11 312.63 1083.90 33,04 3349
50 Number of Gasifiers for 85% Plant Availability QW% Gasifier Availability, 350 psia
51
§2]C 12.01% 3,131 0.11% 1743 60.11% 61,132 60.78%) 2
§3 |H 1.008 4,033 417% 1210  417% 401 401% 163 2,794
54 |0 16,000 7321 T5M% 2,19  1.97% 732 1.28% 54951 22,350
§5 I[N 14,007 1141 1.18% M2 LIS% 1,141 L13% 174,857 25,144
56 |S 32060 2,788 2.88%; V6 28% 2,788 271% 230,003 |Total
§7|CL2 35.500 o 0.00% 0 00w v 0.00% .
s 58 |H20 18016 13,636 14.10%] 4091 14.10% 13,63 11.56%
Y 50 |ZnFe204
60 |ZnS
61 |FeS
62 [Fe203
63 |ZnO
64 |ASH 9,671 1000% 2901 10.00% 10,537 10.43%
65 |Total Solids 96707  10001%| 29012 10001% 100,385 100.00%)
. 66 |Total Flow (pph) 96,707 * 012 100,585 233064 25,144
67
68 |Total Flow (pps) 26.86 8.06 K] 64.74 698
6 9 |Pressure (psia) 147 17 147 350 * 350 ¢
70 {Temperature (F) 9 9 59 28 ¢ 98 ¢
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. Illinois #6 J-1538 DE-AC21-89MC26291 1
2

3 |

4

i

fier Qutput 10/16/90 Revision 7
7 3

9 10 58 scl/1b of coal
Dust{per RTI dia) Miscellaneous Hot Gas with Tars

‘ 26 Ash Carbon|Fines (Char) Tar
¥ MO/ | Gasifier 269% [Gasifler @ 4.00%|Cosifller @ 6.00% Final Cyclone Gasifier Heat Gusifier N2 iacoal
e Conl Ash Silo Briquettin HGCU to NH3 Conv 90.1%) 6 |
To/hr wt% To/hr wt% ™r 1vmol wi% mol%| 7
[]
90,252 €» 2626 2wl 9
4060 0.9 118 1426] 10
‘ 40,388 28 1175 &so| 11
W 17,547 124 st esof 12
; 1374 052 218 126f 13
1462 0.10 043 034¢] 14
2,537 0.18 074 09| 1S
ué 0.03 o oos| 16
174910 1239 %091 eau| 1?7
3,061 on 0% os| 18
0 0.00 0.00 ooof 19
19 0.01 003 003| 20
1173 0.08 0.34 0| 21
0 0.00 0.00 000f 22
o 0.00 0.00 aco| B
0 0.00 0.00 oool 24
0 0.00 0.00 o00| 2§
0 0.00 0.00 0.00| 26
0 0.00 0.00 ooo| 27
piv 343,690 2434 10000 10000 28
3 29
343,60 30
15,40 31
89,181 32
‘ 33
1332 34
0.260 0260 026 0.260 09 3s
0 10936 11,329 0 25888 | 36 |
0 108 < 16,571 (] 2,35750 37
38
154 276 276 m M9 39
40
0 0 749 0 214 41
42
261 Q% 96.15 000 51625 [
44
173 107 1.60 0.16 60.5 Water/steam 119.84 45
jacket 46
0.00 000 434 0.00 14.1 Travarsing 73.51] Gas HHV= 19 Buvsct | 47
Stirrer Estinsted= $28 Buvb 48
24.40 4337 102.10 0.16 74.6 Total 1009.60{ Calculsted= S$3 B | 49
17 tph (typical) Coal each: 4.0 |Unit Output n 120.0 MWn BukGe= JW%H20 | SO
1 Calc Comb Temp (F) 1950 S1
1,564 13. 3002 71.60% 5,006  88.00%: 16,997 s6ss1 © | 52 |
’JT o  000% 464  8.00% 8,06 8507 0.00% (<]
0  000% 116  200% 96,742 96,7 0.00%; 54
0  000% 8 1.00% 175998 178 0.00%) §S
0 0. 0 000% 58 1.00% 2,788 27786 0.02% | 56
0 000 swTouls| 30,09 340,629 000% | 57 |
0  000% Sum of Sumof G | Mas | 58 |
439 90| Streems Constituents [Unbslmnce 59
10 2 balance check 60
29 6 Cycle Efficiency(g) = 42.73% 61
0 0 Cycle Bfficiency (n) = 39.31% 62
10 2 63
9,671 86. 866 2240% [} 0 64
11,234 100 3868 100.00% 5,802 100.00% 487 100 65
11,234 3868 5,802 487 343,690 66
67
112 107 161 0.14 95.47 68
14.7 350 * 3% * 259 2% 69
630 1120 1120 1300 1120 70
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1 |Standardized IGCC Gasifier Utility Application Reference Coal - i
2 |Mass & Encrgy Balance ABB GT 11N _Plant Predicted Gasifier Ou
3 [Stream No. 11 12 13 14
4 |Identification Alr Bleed Alr Bleed Air Compressor Discharge
¢ § |From Atmosphere Comprssor for Compressor
8 _[To Gas Turbine Comprassor Booster Compressor Cooler _|_Coolant _ Combustor
7 |G ol Wit 1o/br m! wt % mol % To/hr Ibﬁol wt% mol%| (bhr Iv/br /mol  wt% i
8
»_|CO 0.00 000 000 0 00 000 00 o 0w 0o
: 10 |H2 0.00 0.0 0.00 0 000 000 0.00 0 0.00 0.00
11]CO2 0.01 0.08 0m 110 001 005 003 101 oS ao1 0035
12 122D 018 0.64 102 1482 o1s 0.6 L@ 1,33 12,684 0.18 0.64
13 (CH4 0.00 0.00 0.00 0 0.00 0.00 0.00! 0 0.00 .00
14 JC2H6 0.00 0.00 0.00 0 0.00 000 000 0 0.00 0.00
. 15 |H2S 0.00 0.00 ©.00 0 0.00 000 0.00 0 0.00 0.00
! 16 {COS 0.00 0.00 0.00 0 0.00 Q00 000 [ 0.00 0.00
! 17 |N2 21.65 75.08 TI28] 174,857 L6 1500 7128 ! 1,996,767 21.65 7503
' 18 |Ar 038 131 093 3,061 038 131 093 2 26,204 03¢ 11
18 |[HC! 0.00 0.00 0.00 (] 0.00 000 000 ] 0.00 000
20 |HCN 0.00 om 0.00 (] 000 000 000 0 0.00 .00
21 |NH3 0.00 0.0 0.00 o 000 000 000 [ 0.00 0.00
22 |CS2 0.00 0.00 0.00 0 000 000 000 0 0.00 0.00
23 |SOZ 0.00 0.00 0.00 o 0.00 000 000 0 0.00 .00
24 |NO 0.00 0.00 0.00 ° 0.00 000 000 0 0.00 0.00
26 |02 663 n9% 2072 3,553 €& 219 207 49 458412 663 7o
26 |NaCl 0.00 0.00 0.00 0 000 000 000 [} 000 0.00
27 JKC1 0.00 0.00 0.00 o 0.00 000 000 [ 0.00 0.00
28 |Total Gas (W/hr) 2086 100.00 30000f 253064 2886  100.00 100.00 213.660] 1993012 2086 10000
29
30 | Volumetric Flow Rates (STP 14.7 psia, 59F)
_:__Ll(adn) $34,064 9,051 1418
32 |(scfm) $34.264 20,996 47085 ] 436519
33
2 4 |hgAdiabHeat(BTUND)
. 36 |Cp (BTUNLF) 0240 T 024 0254
36 |HHV (BTUAb) 00 00 00
37 JLAV (BTUNY) 00 00 0o
38 |Sensible Heat
39 |above 59 F Btw/id o 161 161
40 |Latent Heat
41 |of Water Btulld 7 7 7
42
43 |Chemical Heut 0.00 0.00 000
44 |(LHV) MBtu/hr
46 {Sensible Heat 0.00 .53 ma
46¢ |above $9 F MBtu/br
47 |Latent Heat 16.15 1.5¢ 13.19
48 |of Water MBtu/kr
48 | TotalHeat(MBtu/hr) 16.15 39.07 313441
50 ParssiticLoad 1003 1
[X]
52 |C Bo11 1S 2% 256
5S |H 1008 1728 151 1,409 1,409/
54 |O 1 575,700 50,37 0314 403N
$6 IN 14007 1831924 1 1A96,761 1,496,161
56 |8 0 0 0 0
§7|CL2 39 2,409,664 | mb-totals - 210454] sbwals | 1968808 1968 808|
e 58 |H20 18016 balance chock
i EEagt 59 ZaFe204
) 60 {ZnS
i 61 |FeS
9 62 |Fe200
i 63 1ZnO
4 64 |ASH
; $5 |Total Solics
? . §6 [Total Flow (pph) 2441,736 233,064 213,660] 1995012
: 67
i 68 |Total Flow (pps) 67826 * 64.74 . 935} 53417
T § 9 |Preasure (psia) 1470 18 184
¢ 70 |Temperature (F) 59° 1 * &
i
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Illinols #6 J-1538 DE-AC21-89MC26291 1
 Qutput Revision 7 10/16/90] 2
1§ 16 17 3
charge Fuel %H2S |InlktGas ThrmiNO (ppmvd) 25 |Exhavst Ges 4
HGCU Removed [GT Combustor *Rich/Lean Red.F 85% |[Ges Turbine §

- GT Combustor 99.0%|GT Expander o 6 ]
% mol% [1Y moVhr wt % mol % I Ib/mol mols w% mol% molshr wt% mol% 7
8

oo 90252 2 2638 7nu (] 000 900 0.00 0. [} 0.00 000 .Y 9
om 4010 1,909 1RV} 14.10 0 000 000 0.00 o 0 0.00 0.00 o.00{ 10
008 40,588 918 11.90 651 207,924 258  0.0020 890 L § 20008 472676 8.16 s3] 11
(U 9,318 1012 $.68 1.0 9232 BT 000 1Y <) €14 90390 2861 353 sni 12

- 600 13 460 216 326 0 000 000 0.00 o 0 0.00 000 0. 3
(1] 14 8 06 034 0 000 000 .00 Y 0 .00 000 0.00{ 14

- 000 b1 1 001 001 0 000 000 0.00 0. 0 0.00 0.00 0.00{ 1
- 000 7 0 0.00 0.00 0 000 000 0.0 Y 0 0.00 000 0.00{ 16
150 174970 €6 L | 1,672,553 2073 00258 71.% 7 1532853 6542865 7188 1| 17
n 3,061 n (x] 0.54 29265 036 000 123 091 nm ’a2.83 126 os1] 18
| 000 0 0 000 0.00) [\} 000 000 0.00 0 [} .00 000 o000l 19
00 119 4 003 00 0 0.00 000 Q.00 o 0 0.00 0.00 0.00{ 20
00 117 ® oM 0.49 0 0.00 000 0.00 o 0 .00 000 o.00f 21
at [ 0 0.00 0.00 0 0.00 0.00 0.00 1 0 0.00 000 0.00{ 22
Qoo 0 0 000 0.00 6 00007  ©0.0000 00024 00011 $6 087 0.00 0.00{ 25
Qo [ [ 000 0.00 434 00056  0.0000 0014 001 434 1513 onm 0.0z 24
ne 0 0 00 000] 3N, 419  0.004S 14.45 %6786 12087.43 15.16 13.12| 25
000 0 [ 000 0.00 0 000 000 0.00 o 0 0.00 000 0.00{ 26
am [ 0 0.00 0.00 0 000 000 0.00 o 0 0.00 000 0.00{ 27
160 14,106 100.00 100.00 172 2897 00343 10000 00 2550852 8809028 100.00 100.00{ 28

2,337,175 bel &k 2,550835  beick 29

30

15973 195,189 1,091,997 31

9,063 509,424 356,174 _ 32

33

34

0.3M4 0278 0267 3S

25489 00 00 36

23300 0.0 0 37

38

373 533 39

40

219 40 37 41

42

. (b 0.00 0.00 43

44

128.14 1246.68 .53 45

46

s 92.80 921 47

48

100026 133948  1334.67 bal chk 711.16 49

| Combustion Turbine Output 81.153 MWg | 1.04 Turbine Compressor Surge Margin 50

§1

56,706 56, 0. 6734 36134 [} §2

9919 9915 0.00% 10066 1 0.00%; 53

568,493 568, 0.00%; 618871 618871 0.00%: S4

1672765 16712765]  0.00% 1833065 1833065 0.00% 55

28 23 0.10% 7] 28 0.00%) 56

2,307,907 2307910 __0.00%]sub-wotal 18,163 18,163 0. -otal 57

balance check belance check 58

59

60

61

62

63

64

65

342,160 2,337,172 _23%.832 66

67

93.0¢ 64921 708.56 68

259 180 °* 15.13 69

1180 1975 * 973 * 70
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1 |Standardized IGCC Gasifier Utility Application Reference Coal - Illinois #6
2 |Mass & Energy Balance ABB GT 1IN Predicted Gasifier Output
3 |Stream No. 18 19 Thrmi NO (ppmvd) 28 20 21
4 |1dentification Fual for Supplementary Firing Fiuwe Gas SCRRedF 80% | Superbeated Steam | Low Presure Ste
6 |From Gasifier HRSG RLRedF 85% HRSG HRSG
¢ [To HRSG Stack NOx Rebura ¥ 0% Steam Turbine Steam Turblne
7 |G Mo Wt mol  _wi% mol% ) mo/hr wt%  mol% To/br
8
® |CO 0 &% 2626 0 0.00 0.00 0.00|
10 |H2 0 029 L8 [ 0.00 0.00 0.00
11]CO2 0 286 1178 200025 472676 816 E8 ]
12 |H20 0 124 s 90,990 302861 358 LR
13 |CH4 [ on 215 0 000 0.00 0.00
14 |C2H6 0 o1 0.43 0 0.00 0.00 0.00
15 |H2S 0 018 0.74 [ 000 0.00 0.00
16 |Ccos 0 0.0§ on [ 0.00 0.00 000
17 N2 0 12% 2091 1432853 642865 7186 s
18 |Ar [ an 0% 32071 283 126 091
19 |HCI [ 0.00 0.09 [ 000 0.00 0.00
20 |HCN 0 0.01 003 0 0.00 0.00 0.00
21 |NH3 [ 008 oM 0 0.00 000 0.00
22 |CS2 0 Q00 0.00 [} 0.00 0.00 0.00|Stack Emissions GMBuw)
23 |SO2 [ 0.00 0.00 73 087 0.00 o.00j0.053
24 |[NO (] .00 0.00 ol 303 0.00 0.00{0.09
2§ |02 0 .00 0.00 %66 12087.4) 15.17 1"
26 |NaCl [} .00 0.00 (] Q.00 Qa0 0.00|
27 |KCl [ 0.00 0.00 o 0.00 0.00 0.00
28 [Total Gas (1b/kr) ) 243 10000 %0 88078.18 10000 100.00
29 | 2,550471 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, S9F)
31 }(acfm) (] 162,993
32 [(sctm) _ 0 356008
33
34 |Heat (BTUAND) 1459.
35 |Cp (BTUML F) 0.334 07
36 |HHV (BTUNMb) 2548.9 00
37 |LHV (BTUAY) 23%.0 (]
38 [Sensible Heat above
30 |59 F Btu/ib steam o
40 |Latent Heat of
41 |Water Btu/ib steam 0 37
42
43 |Chemical Heat 000 000
44 |(LHV) MBtu/hr
45 |Sensible Heat 000 121.70
46 |above 59 F MBtu/br
47 |Latent Heat 000 %21
48 |of Water MBtuhr 14
49 |TotalHeat{MBtu/hr) 000 21592 407.
50 HRSG Turbine C-
51
62 |C 12011 0 56734 56,734 [Y
63 [H 0 10066 1 0.00%;
54 |0 16 0 6186TT 618,677 0.00%;
§5 N 14.007 0 1,812,995 1832,993 0.00%
56 |S 0| 2 2 0.00%)
67 JCL2 8. ~ Ojsub-total 2,518,400 2 518,400} 0.009%]{sub-total
58 |H20 18.01
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |Zn0O
64 |ASH
65 |Total Solids
6 6 |Total Flow (pph) [ 2,550,832 219,058 :
67
68 | Total Flow (pps) 0 708.56 TS
69 |Pressure (psia) 299 14.7 126,
70 [Temperature (F) 1180 252 ¢ 939
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w Pressure Steam
HRSG

E_-_“anblu

WaterTreatment
HRSG Steam Turbine

Revision 7
2

Make Up Walsr

Sat. Steam
Gasifier

R/sr

10/16/90
2%

Process Stm

Stm Turbine

BW
1
2
3
4
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8
9
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X
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7377
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G Turbine Output

493 MWg

9,393

28,3528
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1635/ 0.00

432 420

3(8|8|3*




CA_ |

——

c8 o | o |

—
CE

B I 2
Standardized IGCC Gasifier

Mass & Energy Balance

Utility App!

ication
ABB GT 11N

1 o ]

o

Reference Coal -

1 Ci
Illinois #6

Stream No. 25

1dentification Regen Recycle Loop

26
Conc 502 Bleed

|From
To

Recycle Blower

Gas

[y PN PN P Py Y Y
.m.undoooﬂomsuu -

0

[
O.OSL 12
0.6, 146

§°°°O

14.81
0 0.00

3
-

23.37

15

1.09}

°°§°N°°°°°

28 o 100.00}

7

Regen Loop

Predicted Gasifier Output
27

Elemental Sulfur
Resox Process

Regenerator ISRP
ib/hr wi% I6/hr Ibs/mol _mowhr

0.00
0.00
0.
020
0.00
0.00
0.00
0.00
24.10
0.00
0.00
0.00
0.00
0.00
192
0.00
0.3s
0.00
.00
ni

0.00
0.00
027
810
0.00
0.00
0.00
0.00
630.30
0.00
0.00
0.00
0.00
0.00
8605
0.00
800
0.00
a.00
733

wi%

000
0.00
005
0.62
000
000
000
000
487
000
000
000
000
000
ny
000
109
000
000
100.00

mol% | Ib/hr
0.004
0.00
0.04
111
0.

S8co~o0-ocoocoocoocfoo0e

8

wi%

27a
Elemental Sulfur
DSRP

Marketable Byproduct Marketable Byprod
[

Veolumetric Flow Rates
(acfm)
scfm)

(STP 14.7 psia, S9 F)

4,826

Heat (BTUNL)
Cp (BTUNb F)
HHV (BTUAD)
_g_qmv (BTUAb)
Sensible Heat above
59 F Btu/id steam
Latent Heat of
Water Btu/Ib steam

0.000

Chemical Heat
(LHV) MBtu/hr
Sensible Heat

above 59 F MBtw/hr
Latent Heat

of Water MBtwhr
TotalH eat{MBtu/br)

91.08 7.02

1. 0.15

7118

10.97

0.00

0.00

10.97

RS ItY

Fe208
Zn0
ASH

AT TN PN Y
2 AR VIR

Total Flow (pph)

0.00

282 992 23,583

2,756

2756

‘Total Flow (pps)
Preasure (psia)
'Temperature (F)

78.61 655

1400 1300

0.7
15
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_Revision 7 10/16/90| 2
7Y ) 28
Hulur Sulfur Dioxide Ash 4
2r S§O2Recovery Unit  |SO2 Reductor [
E uct | Marketable Byproduct |Disposal (6 ]
% oar ‘!L'nsm" —wt% |7
8
9
10
11
12
3
14
H
16
17
1]
19
20
21
22
23
2%

0.000 0000

134 0|39

1097 1097 396 0|43}

0.00 0.00 Q.00 0] 4S

0.00 0.00 0.00 ol 47

1097 1097 396 04| 49

ns 3] §2

2% 27% 56

e e e e e e e g e

9,671 97| 64

2.156{ 3512 9,944 100

077 1.53 276
13 100 13
190 b 284
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200 MW Utility Cycle
Mitsubishi-Westinghouse 501 F
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GTPRO 3.31 Michael Brown 12-15-199@0 13:28:48
IGCC 58 - 2@ MW UTILITY CYCLE
’TSUE‘ISHI—IAESTINGHOUSE S0l F

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 12 +% rating, XIGV= @

[ite ambient corditions: 14.7 psia, S99 F, &2 % RH
Irnlet loss= 4 inch H20, exhaust loss= 18  inch Hz0
Evap. inlet cooler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = @

Compressor efficiency reduction % = @

Turbinme efficiency reduction % = @

Maximum firing temperature excess over base load = a F
Combustor % pressure loss (2 means rnominal value) = @

Cembusteor irnefficiermcy + heat loss % (2 means rnominal value) = 4
Comling air increase % (2 means nominal value) = @

Process alr bleed location (8 means rone) = 1

Semcess air bleed % oaf inlet = 11.86

# Model PR TIT TET Mair kWe H.R.LHV Mex NZ+Ar oc cos He
F F kpph BTU/kWh kpph v % % %
. MWS1F 14.6 230@ 1285 3386 153645 10376 3574 74.590 12.17 6.38 €.75

Fuel flow = 589 kpph
53.T7. auxillary power = 76&8 kWe.

ESTIMATED 6.T7. CYCLE

STRERM TEMP. PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph = +Ar o cos Hz0

Ambient air in =9 14,700 3386.37 28.79 78. 2 ZR. 74 Q. a3 1.01
Compr. inlet 59 14.35 3386.37 z8.73 78. 22 ZR. 74 7. a3 1.@1
Turbine coolant misc. 48. 37

Process air bld 713 212,28 421, &6 =8.73 78. 22 2. 74 7. a3 1.a1
Compr. disch. 713 21z.28 2976.328 28.75 78. 22 ZR. 74 Q.03 1.@21
Turbine 1nlet Z3i 2R3.79  3le6.d3d 8.2 T4. 02 11.25 743 7.3
Turbine exhaust 1285 15. 06 3574. 4@ z8.88 74,50 1. 17 €. 58 €.75

Compressor= 159812 Tuwrbines 316579 Mech. lass= 242 kW
Turbive coolant= 12.1 % compr in

GT specific power @ gen term= 43.4 kW per kpph

5T efficiency @ gen term= 30.26 % HHV = 32.89 % 1HV

|
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GTPRO 3.31 Michael EBrown 10-15-19392 13:38:48 Gas Turbine p.&

, GAS TURBINE/GENERATUR HEAT EALANCE
mergy in = 493736 EBTU/s
Inlet air Inlet air Water Steam Fuel
Sensible Latent Iny. Ing. HHV
6194 6263 ] a 48128

IR SMa0% AR et 00008 et Sl dokds oS L epes oot RSt Seose e Sriat 8 St M TS it e RSO Sabtn e wene Somes Seee S SAM Si0D Srend e S o S S St Soees S P SRS PP SRS M s SRS SO0t PO S St Aot Smtn

Ernergy out = 496446 BTU/s

TR S 007N S5 S0k S8 S SR S ASMMG kit SRS e e (8000 e S S e S et BSOS o0 e e S G S S S ot ot S o S S 40000 oy (e et 444t S e S SHASY S S S S i S eSS e S S0 PSS S (s S At S B4 S e S Sk S S St . S

Incompl comb GT Mech. Gearbox Gernerator Exhaust Exhaust Electric
& carcass rad Losses Loss Loss Sersible Latent Output
2897 597 @ co8r 274646 43964 145636

TS SR S S e e S ey TR S s S Skt e TR et M Tl e T i ot St Sy s W0 St et et S e S S S OOt e} S W S4BtS S S bt Seitn e v oaeR S oty SHOYS e P PR P A YOS R CSMED S S $550% S et SO04% S saarg S Y e St S S

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Heat Balance Evror = In - Out =-27128 BTU/g =-.549 %

—. v oo o0

o s oo oo



GTPRO 3.31 Michael BErown 1@-15-1992 13:38:54%
IGCC S8 - 2@ MW UTILITY CYCLE
‘TSUBISHI—NESTINGHDUSE Sai F

Steam cycle p.1

pe: 12 Subtype: 3 Induction
P T h m UA a A
psia F BTU/1b kpph BTU/s-F BTU/s sq. ft
Crid rtrn .74 87.57 55.9 S20. 984
Makeup 17.72 22, 2 48, 2z 4,932
FW supl 17.72 87.351 99.9 S595. 316
LTE 595. 916 €8 148324 33314
from LTE 17.2@ 1S, 2@ 117.88 595. 316
LPER 43. 364 129 1162 S6123
water bleed B37.831
htd. FW 17.212 2R, 22 188.13 498. 286
HPFW 1648.87 221, 31 194. 33 423.733
HPE1 423,739 436 Zesel 2@a4268
& 1602, 84 434,18 417.45 Q. 2Q
HPEZ 423.739 224 @374 145933
7 1577.33 581,38 S35. 64 . 222
HPEZ3 423.739 a 2 @
8 1854. 22 581.98 535. €4 2. 222
Elwdn 1554, 22 a1, 28 619.75 4.195
HPB 419.9544 &41 &E4QE 264738
3 1854, 22 eRl. 38 11€5. 18 Q. aaa
HRS1 419.544 =237 33584 123713
12 1528. 25 34, 25 1453, 36 @. 0@
‘;;- 419, 544 67 4530 34734
11 15@8. 95 1206, 2@ 1493z, 23 2. Q02
Into HPT 1465.2G 1000, 24 149@. 1@ 413,544
R/H axty S22,022 729. 39 1379. 23 419. 544
stm addn S22, @@ &S0, 2R 1331.99 2. 20
cold R/H S2@. g2 723. 39 13759.283 419.544
it HPT 471, 3@ 120, 2 1519.55 419.544
HPRT exi1t 339.81 924. 63 1483. 359 419.544
IPFW 371.3& ZEd. 29 183. 48 74,347
IPE 74,347 o9 4179 25719
1 260, SR 414,18 391. 86 . Qaa
Elwdn 260, 2 434,18 412.73 . 736
IPER 73.611 323 16633 129254
Stm addn 360.52 434,18 1208, 29 97.820
c 360, Sa 434,18 1225. 29 2. 2@
IPS1 171. 441 103 SE223 56653
3 352, 212 eal. 38 1314.30 2. 2aa
I1PS2 171, 441 @2 2 @
4 250,22 &R1.98 1314.90 2. 222
cold R/H S, ag 723. 39 1375. 23 4193.544
IPS3E 419,544 113 17146 S857z
S 485. 44 1206, 22 18982. 26 2. 2@
to LPT 339.81 8z8. 87 1433.78 S92, 284
‘ BEit Q.74 91.57 121@. 24 5910, 284



GTPRO 3.31 Michael Brown 1@3-15-19382 13:38:54 Steam cycle p.&

‘ STEAM TUREINE

= oy s ot et A Sames Soman S e S04 2 S S e S Setad eSSt e bSOt St Lemee et P MY G S i S S S A ot S kot S St S i SN ot S et SR S ot A A ot S S GRS v W St S Ao e v et Sk St fnin St S o

No. of steps Exit Quality Efficiercy (%) Waork (kW)
T HPT exit 1 1.349 .73 18543
To LPT exit 15 .91 06. 64 73383
Gross power = 91896 kW. Mech/Elect losses = 2757 kW.
Gernerator cutput = 89142 kWe. ST auxiliaries = 624 kWe

Boiler feedpumps = 894 kWe

CONDENSER
P T h m
psia F ETU/1b kpph
LPT exit . 7265 21.57 121@. 24 359@. 298
Saturation @, 7365 21.57
Condensate well 2. 73265 87.357 55.58 S99, 38
Caoling water in 65. 0@ 376€12. 85
Cooling water out 8. aa 37e12. 85
.:ber* of passes= 1 UA= 838 BTU/s—F Surface area = 42546 sq.ft
es: 0D = 1 in Length= 38.6 ft rivmber= 4214

Cooling water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 424 kWe.

STEAM CYCLE HEAT RALANCE

BT Exhaust GT Exhaust Duect Burrer Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam

mt oot c0008 s e e O o e S 8 e St H S e o A St S et o S S S Sty ot ot Pt St e et it et et e S St Wi S M oo e ATV S Sovow bt S USSP Sy TV Gt My GHen P S s SO T vt S S e

Heat Blow Mech/Elec Stack Stack Condrnsr Process GT Proec. Electric
Radiated down Losses Sens. l.atent C.W. Steam Injec. Water Out put
z8ez aa7 =613 S4468 43964 156720 7] @ 5113 84493

Zero enthalpy: dry gases & liguid water @ 32 F (273.135 K)
Heat Balarnce Ermvor = In - Out = 142 BTU/s = .04 %

:ff
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GTPRO 32.31 Michael Brown 12-15-1990 15:38:954 Steam cycle p. 3

HRSG GAS-SIDE PROFILE
!as Tg F Tw F DT F Qg/UAR DELTA P uA Qg Vg Tube Lngth
HP/IP HR/IP F inch HE80 BTU/s-F EBTU/s ft/s Rows ft

1 1g8k.8 12@6.2 74.8

1 128@2.8 122€6.0 74.8
121. 4 1.1 182.4 =189E.5 55. & 4.6 1.9

1921.9 94. 1 &61.9

12a@1.3 729. 4 272. 6

= 1ewvi.13 940. 1 1.9
143. 3 1.3 £36.8 Z39=0.2 S1.9 6.0 2.5

a78.1 6z, 2 276. 2

3 a78.1 eaz. 0 276. &
124. € 2.3 €41.4 E7066.2 44. 6 12.9 5.4

&27.12 6ac. 0 25. @

4 &e27.2 8.2 45.Q

4 e27. 1 CRE. Q@ £25. 2
62, 12 1.3 427.1 E6465.6 28.1 9.9 4.1

S25. 4 434, 2 31. 2

S259. 4 434, 2 91.2

S 5929. 4 434. 2 91.&
Sz2. 2 2.3 323.2 167933.1 25. 4 6.8 .8

. 4ER.Z  434.2  ZE.0

) 460, & 434. ¢ ZE. 2

6 460, 2 414. 2 46.2
2.7 1.4 49Q.7 32@74S.3 31.6 11.& 4.7

339. 4 221. 3 118.1

339.4 2. 3 113.1

7 329. 4 Z0.2 113. 4
4. C 2.3 124.7 11744.93 £8.9 2.7 1.1

z92.8 2.2 7.8

a8 z92.8 152.@ 142.8
153.1 Q.2 68.1 12427.5 26. 3 1.6 a.7

Duct burrner fuel= @ kpph

Gas mole compositicorn:  74.5 %N2+Ar 12,2 %02 6.58 %4 CO2 E.75 #H20 .oz #4502
Flue gas dew point = 121 F M.W.= 28.9
HRSG TOTALS Econcmisers Evaporators Superheaters TOTAL
@ ERlTuss 61733 F46E3 2432 21833
UA BTU/s-F 8as 1283 Sz 24932
¢ 673 1142742

“\ sq. ft 49034 4593975 273
ime surface= 66473 fin surface= 1876268 sq.ft. Averaged fin eff.= .731
HRSG frontal area = 1354 sq.ft. Gas mass flux= S5.&84 kpph/sqg.ft
HRSG lergth = 23.3 ft, 5.8 tube rows, 2249 ft of tubes per raow.
& 1in dia. tubes with serrated fins, staggered arrangement.
Fin thickness/dia.= .23 , height/dia.= .4 , spacing/dia.= .@7
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5




M 501 F

Water cooling

air to coal ratio 2.41 air pressure 212 Cp air 0,248
water coal ratio 0.148 air temperature 13 Cp water 1.000
air to water ratio 16.28 water temperature Bo Cp steam 0.435
1b wt ¥ mols wol % partial
pressure
air 16.28 94.21% 0,57 91.07% 193.@87
water 1.8 5.79% 0,86 8,93% 18.93 sat temp 224.7

Temperature of combined stream entering boost cospressor

399,99 F sat pressure 247 psia Rel. Hum, 7.66%

Temperature of stream exiting compressor (85% comp eff)
T = Ti + (Ti/ms{ (PF/PD)A((k-1)/K)-1})

where

Ti - inlet temperature - 399.99 F - 859.9 R

n - efficiency - 85, 8%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant volume 1,384

Pf - final pressure 358 psia

Pi - initial pressure 212 psia

Tf = 550.88 F
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1 [Standardized IGCC Gaslfler Utility Application Reference Coal -
2 |Mass & Energy Balance MWS5S01 F Plant Full Load Predicted Gasifier Out
3 [Stream No. 1 2 3 4 s
4 |Identification AR Coal Coal Flaes Sized Coal CompAir@ 341 A/IC Water @ 0.2¢
§ |From Illinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr Cooting Water H20/
8 _|To Sizer ___|Briquettin Gasifler - Gusifier - Gasifier Conl
7 |Gas Mol Wt ohr wi% | It/ir wi% | Bbar wt® Whr  /mol wt% mol% niar
8
9 _Jco 28010 0 0.00 000 [
10 |H2 2016 0 0.00 0.00 0.
11 ]CO2 44.010 190 001 008 0.
12 |H20 18018 25%4 0.18 0.64 1 4131
15 |CH4 16042 0 0.00 0.00 0.
14 |C2H6 30.068 0 0.00 0.00 .Y
16 |H2S 34.076 (/] 000 0.00 0.
16 |COS 60.070 0 0.00 0.00 0.
17 |N2 nou' 301338 2165 1503 T
18 JAr 39.948 5276 038 1 0.
19 JHC 36461 0 0.00 0.00 0.
20 JHCN 21.026 0 0.00 0.00 Y
21 |NH3 17.0%0 0 0.00 0.00 0.
22{CS2 76131 0 0.00 0.00 )
23 |S02 64.0% 0 0.00 0.00 0.
24 |[NO 30.006 0 0.00 0.00 0.
25 |02 31.999 220 €63 2298 M.
26 |NaCl 8497 0 0.00 0.00 0.
27 JKC1 74.996 (] 0.00 0.00 0.
28 |Total Gas (1b/hr) 401643 2886 10000 _ 100. 43,331
2%
30 |Volumetric Flow Rn-'(STP 14.7 psia, S9F)
31 |(acfm) 7190
32 |(scfm) 7882
33
34 |Heat (BTUND) 1308
35 |Cp (BTUNLF) 0249
3 6 |HHV (BTUMD) 10,776 10,776 10,776 (/]
37 |LHV (BTUADY) 102% 102% 10260 0
38 {Sensibie Heat above
39 |59 F Btu/lb steam 0 0 0 123
40 |Latent Heat of
4 1 |[Water Btullb steam 7
42
43 |Chemical Heat 1706.41 s 1. 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 0.00 0.00 ®onu
46 |above 59 F MBtu/hr
47 |Latent Heat 2.9 2685 9.9 266
48 Jof Water MBiuwhr
49 |TotalHeat(MBtu/hr) 1795.90 3877 106791 $1.99 36.68
50 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia ¢
51
52]C 12011 100,178  60.11%] 30053 60.11% 105351 60.78%] 2
53 |H 1.008] 69% 4179% 2085 A1 6€9% 401%] p- 7} 4813
54 |0 16000 12,616 751% 3788 ntﬁ 12,616 1.23%) 94,897 38,516
55 |N 14,007 1961 1.10% 00  1L18% 1,961 113% 301,935 43,931 JTowal
56 [S 2060 4,800 288% 1440  2.88% 4,800 271% 396,368 [ Total
67 |CL2 35.500 0 0.00%; 0 000% 0 0.00% .
58 |H20 18016 49 1ion] 700 40w 4% 13.56%
59 |ZnFe204
60 |ZuS
61]FeS
62 |Fe203
63 |ZnO
64 |ASH 16,666 1000% SO00 10.00% 15,15 10.46%,
§5 |Total Solids 166,657  10001%{ 49997 10001% 173,340  100.00%
6 6 |Total Flow (pph) 166,657 * 49997 173,340 401 543 43,331
67
68 |Total Flow (pps) 46.29 135 48.13 11.57 1204
6 9 |Pressure (psia) 147 14.7 14.7 350 ¢ 350 *
70 |Temperature (F) ) ) 39 531 ¢ 351 *
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0 P_1 o | R T 81 T T 01 Vv T WIXIL[ ¥ T 7 1 aa AB | _AC | AD]
l. IMinois #6 J-1538 DE-AC21-89MC26291 1
ifier Qutput 10/16/90 Revision 7 2

3 Uncomb 7 ] [] 10 5 sciib of coal 3

) 0.26 Ash Carbon|Fines (Char) Tar Dust(per RT1 dia) |Miscellaneous Hot Gas with Tars 4
for  H20/ | Gasifier 269% |[Gasifier @ 4.00%|Guslfier @ €.00%|Final Cyclome Gasifier Hesl Gusifier N2 iaccal [
4 Coal ]Ash Silo Briquettin HGCU Reclaim Losses HGCU to NH3 Conv 90.1%{ &
wi % 'Blﬂhr'i'— wi% | Iomr wi% | W/Rr  wi® | /e IWmod W% ol %] 7

, 8
135,532 6» 2626 22wl 9

6997 029 Lts  1426[ 10

9,602 286 175 & 11

3,331 30,240 124 su eso| 12
: 12,07 0.52 213 32¢| 13
2,520 Q10 043 034 14

o o8 o074 o3 IS

1286 00s o2 ao9 16

301,529 129  s091  euf 17

sa1s oz o os 18

0 000 000 o000 19
209 oot 003 oo 20

2002 008 03 0| 21
0 00 000 ooof 22

0 000 000 oco 23
° 00 000 oo 24
] 000 000 000 25 |

0 000 000 000 26
] 00 000 o000 27|

1 22287 24.3¢ 10000 10000{ 28
29

92287 30

239% 31

153,688 32

33

1308 34
0260 0260 026 0260 0329 35

0 10936 11,329 o 2,588 36

0 1093 16,571 0 23750 37

38

154 276 276 £71) 349 39

40

0 0 749 0 214 41

42

».07 79 16571 0.00 1406.66 4

44

297 14 276 021 99.4 Wata/sesm 206,92 45

jocke 46

0.00 000 749 0,00 232 Traversing 126.64] Gas HHV= 199 Buysct | 47

Stirrer Estimated= s Bumb | 48

03 7414 1759s 021 122.6 Total 1739.86] Calculeted= WBwh | 49

17 tph (typical) Coal each: é.9 {Usit Output (MWa) 226.2 MWa BukGe-  4.60% H20 S0

Calc Comb Temp (F) 2340 51

2.3 u.nﬂ S173 T1.60% 8799  $8.00% 91,535 9.5 0.00%] 52
0  000% 00  8.00% 14,65 1 0.00% 53 ]

0  000%] 200  2.00% 166717]  166718]  0.00% 54
o 000% 10  1.00% mpi| 000%] 55 |
0 o0.00{ 0  000W 100  1.00% 4,500 ap01] -002% | 56
0 000% SbTowls|  se7012] ssjo12] © 57 |
0 000%] Sum of Sumof Gas | Mas EX

%6 90 | Sereams Constituents |Unbalance 59

17 2 belance check 60

50 6 Cyck Efficiency(g) = 46.14% 61

0 o Cyde Efficiency (o) = 4299% 62

17 2 (%]

16,666 as.osJ 1493 22.40% 0 0 64

19,360 100 6,666 100.00% 9999 100.00% “o i00 65

19,360 6,666 9999 “0 92287 6

€7

538 185 27 023 164.52 68

149 330 350 * 27 287 69

630 1120 1120 1300 1120 70

A - G




AE_ AT Ao T an [ ar 1 A | ax J a | aw] aN]

1 [Standardized IGCC Gasifier Utility Application

2 |Mass & Energy Balance MW 501 F Plant

3 |Stream No. 11 12

a4 |Identification Alr Bleed Alr

6 |From Atmosphere Compressor
| 6 |To Gas Turbine Compressor Booster Compressor Cooler

7 |Gas ﬁd Wt 1W/ar mol wt% mol % » /mol wit% mol%

8

» |CO Q.00 000 aoo‘ o 000 000 000

1¢ {H2 0.00 0.00 0.00 0 0.00 000 000

11]CO2 0.01 008 003 190 0.01 0.03 0.03

12 |H20 o8 a6 1.02 2,554 a18 0.64 1.2

13 |CH4 0.00 0.00 0.00 0 0.00 0.00 0.00

14 |C2Hé 0.00 0.00 0.00 0 0.00 000 000

16 |H2S 0.00 0.00 0.00 0 0.00 000 000

16 |COS 0.00 0.00 0.00 (] 0.00 0.00 0.00

17 |N2 21.68 75.08 7128 301,338 2168 7503 718 193291 21.65 7503
18 |Ar 038 1 093 5216 o 131 098 364 389 0% L
19 |HCl 0.00 0.00 0.00 0 0.00 000 000 0 Q.00 0.00
20 |HCN 0.00 0.00 0.00 0 0.00 000 €00 0 0.00 0.00
21 |[NH3 0.00 0.00 000 0 0.00 000 000 (] 0.00 0.00
22 |CS2 0.00 0.00 0.00 (] 0.00 000 000 0 .00 0.00
23 |SO2 0.00 0.00 0.00 0 0.00 000 000 ] 0.00 0.00
24 [NO 0.00 0.00 0.00 () 0.00 000 000 (] 000 0.00
256 |02 «8 2% 2072 289 ¢ N9 2072 91038 Mio2 «6 9.
26 |[NaCl 0.00 0.00 0.00| 0 00 000 000 0 0.00 0.00
27 |[KC1 0.00 0.00 0.00 0 0.00 000 000 (] .00 0.00
28 |Total Gas (1b/kr) 28.86 100.00 30000] 401,643 2006 10000 100.00]  408,384] 2,576€313 2886 10000
29

30 |Volumetric Flow Rates (ISI'P 14.7 psia, S9F)

31 |(acfm) 740948 13,793 88217

32 |(scfm) 740948 _ £7,882 9997] 563,710

33

34 |hgAdiabHeat(BTUANY)

35 |Cp (BTUAL F) 0240 0255 0255

36 |HHV (BTUAL) 00 00 00

37 |LHV (BTUAD) 00 00 00

30 [Sensible Heat

39 [above 59 F Btu/id 0 167 167

40 |Latent Heat

41 |of Water Btu1b 7 7 7

42

43 |Chemical Heat 0.00 0.00 0.00

44 |(LHV) MBtuw/hr

45 |Sensible Heat 0.00 6.9 42903

46 |above 59 F MBtu/ar

47 |Latent Heat n» 266 17.04

48 |of Water MBtwhr

49 |TotalHeat{MBtw/hr) n» .54 44607 -
50 Parssitic Load 16.59
[X]

52 |C 12011 457 [E) FX3) 333
53 |H 1008 2% 1,50 1,80
64 |O 16.000 798414 96287 1AM T AD
66 [N 14007 2,540,618, 1912951 192891
56 |S 2060 0 0 0 0
67 |CL2 35.500 3,341 861 | sb-totals ub-tot 403 sub-sotals 73230473
58 |H20 18016 balance check|
50 |ZnFe204 1
60 |ZnS

61 |FeS

62 |Fe203

63 |ZnO

64 |ASH

€5 1Total Solids

66 |Tolal Flow (pph) 3,386,340 401,643 408,584 ) 576,313

67

8 |Total Flow (pps) 940,65 * 11157 . 4] 7154

69 |Pressure (psia) 14.7 ¢ 212 ¢ 212

70 |Temperature (F) 9 ¢ 713 ¢ 713
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AR 2 T AT 1 A L Av 1 aw | ax [ av | AZ_| BA 88 BC 8D BE_ [ [8a |
al - Illinols #6 J-1538 DE-AC21-89MC26291 1
sifier Output Revision 7 _ 10/16/90] 2
1§ 16 17 3
sor Discharge Fuel %H2S Inlet Gas Thrmi NO (ppmvd) 25  |Exhaust Ges 4
sor HGCU *Rich/Lean Red.F  85% |[Gas Turbine 5
or_ GT Combustor | 6
wt% mol% ol mols wt % mol% Ivar mols/hr wi % mol% 7
8
L) 0,00 0.00 0.00 .Y [} 0.00 0.00 0. 9
b 000 000 000 (] 0.00 000 oo 10
1 328 0016 11.3 355,104 813688 1002 6.0 11
s 136 000 4.6 150893 837596 422 6. 2
b 000 0.00 0.00 (] 0.00 000 0. 3
[ 0.00 000 0.00 [} 0.00 000 0. 4
] 000 0.00 .00 o 0 000 000 o.00 15
[ 13 ° 000 0.00 0 0.00 000 0.00 Y 0 000 000 0.00{ 16
B 301,529 10,764 S1.14 aun|l 2050 048 00292 706 73,100 2342215 9075126 na2 na 17
| J sns n 0% 0.4 39,114 036 0.00 14 o “ars 114l 124 090 18
] ° ° 0.00 0.00 0 0.00 0.00 0.00 Y [ 000 000 0.00{ 19
[ 208 ) 0.03 0.03 0 0.00 600 000 [ 000 0.00 0.00{ 20
o 2022 19 oM 0® ° 000 000 00 ° 000 000 o000l 21
[} [ 0.00 0.00 0 000 0.00 0.00 0 0.00 000 0.00{ 22
[ 0 0.00 0.00 96 00009  ©0.0000 00030 00014 96 150 000 0.00f 23
[ 0 0.00 0.00 K 00072  0.0000 00249 00241 7 2629 om om| 24
° 0 000 000] 339 352 0003 1213 M 1693099 1337 | 2§
[} (] 0.00 0.00 () 0.00 0.00 0.00 0 0.00 000 0.00{ 26
° 0 0.00 0.00 0 0.00 0.00 000 0 0.00 000 0008 27
399,631 24,310 100.00 100, 3,165963 2900  0.0343 10000 100 3514347 12333628 10000 100.00{ 28
3,165968 bal ck 3574352 balck 29
30
24813 264,161 225233 31
153414 689,349 778,706 32
33
34
0334 0284 0.267 35
2,549 0.0 00 36
23%0 0.0 0 37
38
378 636 214 39
40
219 49 44 41
42
1373.90 0.00 0.00 43
44
220.83 2014.96 980.81 45
46
129.04 15423 15693 47
48
vk 2169.19 216984 bal chk 1137.74 49
| Combustion Turbine Output 153.645 MWg | 1.06 Turbine Compressor Surge Magin 50
§1
97 97,612 97,61 97665 97 0. [ 52
14,657 16477 164771  0.00% 16766 16, 0.00% 53
169091 6320 T 0.00% 2812 728 0.00%: 54
303 2236191 2136191  0.00% 25058 25Q50 0.00%; §S
4 44 48 0.10% 43 48 0.00%) __56_
584,376} sub-wtal 3126849 3126853 O ub-otal 3,529 3529 0.00%]sub-total 57
balance check balence check S8
59
60
61
62
63
64
65
583,658 3.165.963 3,574,347 66 |
o’
1.9 879.43 992.87 68
2813 204 ¢ 15.13 69
1180 2,300 * 108S * 70
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8| 8l | 6 ] & BL_ | _68M_] BN | BO 8] 80 | B —BS

1 _[Standardized IGCC Gasifier Utility Application Reference Coal - Illinols #6

2 |Mass & Energy Balance MW 5§01 F Predicted Gasifier Output

S _[Stream No. 18 19 ThrmiNO (ppmvd) 25 20 21
4 _|Identification Fusl for Supplementary Firing Flue Gas SCRRedF 80% | Superheated Steam | Low Pressure St
5 |From Gasifier HRSG R/ILRedF 85% HRSG HRSG
¢ [To HRSG 1 Stack NOx Rebura F 0% Steam Turbine Steam Turbh
7 |Gas "MolWt | Iv/br  IWmol wi% moi® | Ib mol/hr wWi%  mol% W v
8

9 0 €% 2626 ] 0.00 000 0.00|

10 0 0% L18 0 0.00 0.00 0.00

11 0 286 1178 358,104 813688 1@ 6.0

12 [} 124 m 150,893 837596 4«22 M

13 0 052 218 0 0.00 0.00 0.00

14 0 0.10 043 0 000 0.00 000

15 0 018 074 0 0.00 0.00 0.00,

16 (] 0.05 on 0 0.00 0.00 0,00

17 0 129 5091 2,542215 9075126 .14 n»

18 0 o o® 44478 111341 124 090

19 0 000 0.00 0 0.00 0.00 0.00

20 0 001 00 0 0.00 0.00 0.00

21 0 0.08 034 0 0.00 0.00 0.00

22 0 0.00 000 0 0.00 0.00 0.00[Stack Himissions (DyMBu)
23 0 000 0,00 9 150 0.00 0.00/0.053

24 0 000 000 158 326 0.00 0.00/0.05

25 0 0.00 0.00 4TI, 193099 13.%7 1n

28 0 0.00 0.00 0 0.00 0.00 0.00
27 0 0.00 000 0 0.00 0.00 o
28 0 24.4 100.00 3,573,716 12331523 10000 10000

29 | 3,573,721 bal chk
30 |Volumetric Fiow Rates (STP 14.7 psia, S9F)
31 |(acfm) (] 1,066,601
32 |(scfm) 0 718,574
33
34 |Heat (BTUNY) 14901}
35 |Cp (BTUNL F) 0334 0249
36 |[HHV (BTUANL) 25489 00
37 JLHV (BTUAY) 23%0.0 0
38 |Sensible Heat above
30 {59 F BtuNlb steam 0 a

40 |Latent Heat of
41 |Water Btu/ib steam 0 44
42

43 |Chemical Heat 000 000
44 |(LHV) MBtu/hr
45 {Sensible Heat 0.00 1057
46 jabove 59 F MBtuw/tr
47 |Latent Heat 0.00 15693
48 |of Water MBtuhr

49 |TotalHeat(MBtwhr) 0.00 37150 625.164
50 HRSG Turbine
51

62 |C 12.011 () 97,665 97,665 1

53 |H L 0 16766 16 0.00%
54 |0 16,000 0 5712475 §1247 0.00%;

55 |N 14.007 0 23028 234020 0.00%

56 |S 32 0 48 48 0.
§7 JCL2 31% 0 1 3 352920 0.00%]{sub-total

58 |H20 18,01

59 [ZnFe204

60 )ZnS

61 |FeS

62 |Fe203

63 ]ZnO

64 |ASH

65 |Total Solids

£ & 1Total Flow (nnh) 0 3,574,341 419,544
67

68 |Total Flow (pps) or 95287 1164
60 |Pressure (psia) 287.3 147 l::;l
70 [Temperature (F) 1180 251 ¢ 1
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J-1538 DE-AC21-89MC26291

FTa 2

Low Pressure Steam | Make Up Water Sal. Steam Process Stm
HRSG WatarTreatment Gasifier Stm Turbine [

Steam Turbine HRSG HRSG Process Faciti [3

[ To/ar “Ivhr o/hr

1
Revision 7 10/16/90] 2
b3} 7 3

4

p1 1204 a 1204

88.63 232 99.5%9
HRSG Turbine Qutput 891 Mwg

masaswsww]azjs ofa]afafa] sfalal]s]elel e afuse ol ol

73,609 48263 97 825

20.45 13.41 27.17
350 135 3%
432 80 432

SBE
gsa:s‘a
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Standardized IGCC Gasifier
Mass & Energy Balance

CA | c8

< [ o [ & &

L@ | o |

Utility App

lication

MW 501 F

Reference Coal -

Cl_
Illinois #6

OIDIBIN |-

10

11

12

13

14

16

17

18

19

21

24

25

27

487,686

3.5

1.09§

100,00}

Predicted Gasifier Output
7

Elemental Sulfur
Marketable Byproduct

-3
ﬁoooogsoo

cBocooo

3

0.00
0.00
0.02
020
0.00
0.00
0.00
0.00
24.10
0.00
0.00
0.00
0.00
0.00
152
0.00
038
0.00
0.00
.19

mola/hr

0.00
0.00
0.46
13.96
0.00
0.00
000
0.00
1086.20
0.00
0.00
0.00
0.00
0.00
14430
0.00
1379
0.00
0.00

wi%

0.00
0.00
005
0.2
0.00
0.00
0.00
0.00
487
0.00
0.00
0.00
0.00
0.00
ny
0.00
1.09
0.00
0.00
100.00

mol % Ib/ar wi%

0.00
0.00
.04
B 3
0.00
0.00
0.00
0.00
6.02
0.00
0.00
0.00
0.00
0.00
11.74
Q.00
109
0.00
0.00
100.00

s
Elemental Sulfur
DSRP

Ib/hr

30

Volumetric Flow Rates

31

(acfm)

(scfm)

(STP 14.7 psin, S9 F)

17,143
95,668

34

Heat (BTU/b)

35

Cp (BTUAL F)

36

HHV (BTUNb)

LHY (BTUAD)

Sensible Heat above

39

59 F Btw/1b steam

Latent Heat of

41

Water Btu/Ib steam

0240

0.000

43

Chemical Heat

{44

45

(LHVY) MBtu/hr
Sensible Heat

46

above 59 F MBtu/hr

A7

Latent Heat

48

of Water MBtu/hr

49

TotalHeat(MBtuwhr)

51

156.96

LR L)

160.10

1210

026

18.90

0.00

0.00

1890

1.o1

54

16.

55

14.007

57

18.01

61

62

63

64

65

Total Solids

Total Flow (pph)

40,640

4,730

4,750

67

Toiai Fiow {(pps)

Pressure (psia)

70

Temperature (F)

e

g¥h

Ty

132
15

284
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154

18.90

0.00

0.00

18.90

000

683

rANEREEEEEEESGEEE

F
°

4,150

4,150

,.)

9,500

4N

16,666
17,136
17,136

100
100

1.32]
15
190

2.64

476

100
9

b
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200 MW Utility Cycle
General Electric 7191 F

Page C-15
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3STPRO 3. 31 Michael Brown 10-15-1990 13:47:48
‘GCC 57 - 2@@ MW UTILITY CYCLE
SENERAL ELECTRIC 71391 F

. ESTIMATED G.T. SITE PERFORMANCE

‘nel=Fuel G.T. ® 1@ % rating, XIGV= @

jite ambient conditicns: 14.7 psia, S9 F, 6@ % RH
inlet loss= 4 inch Hz20, exhaust loss= 1@ inch H20
vap. inlet cocler to @ % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

‘ompressor inlet airflow % reduction = @

lompressor efficiency reduction % = @

"urbine efficiercy reduction % = @

daximum firing temperature excess over base load = 2 F

tombustor % pressure loss (@ means nominal value) = @

Sombustor inefficiency + heat loss % (@ means nominal value) = @
‘aoling air increase % (@ means riominal value) = @

Irmcess air bleed location (@ means none) = 1

rocess air bleed % of inmlet = 11.81

# Madel PR TIT TET Mair kWe H.R.LHV Mex NZ+Ar o= cos Hz0
F F kpph BTU/kWh kpph % % % %

.._._._...____.__.—._.._-——_.———.—_——__—_.._—-..—-—__._.__—_._—.___—___.—...___—_.——————.—,————.—_————_——_—_—

“uel flow = 575 kpph
3.T. auxillary power = 757 kWe.

ESTIMATED G.T. CYCLE

. ._....____.__...._._._—__._-..—-..._—___._—-——-_—.—___.__...__——_——-_.____._.__.__—.—_—_._.__—.___——.——-—..—_—.———

STREARM TEMP, PRESS. MASSFLOW M. W. MOLE COMPOSITION %
F psia kpph NE+Ar o2 coz Hz0

Jmbient air in 9 14. 7@ 3318.@a7 8. 75 78. 22 20. 74 Q. a3 1.a1
Zompr. inlet 59 14,55 3315.07 c8.7S5 78. &2 20. 74 .23 1.921
Turbine coalant misc. 400, 51

ovocess air bld 721 =4, 77 291.51 28.75 78. 2 c2R.74 .23 1.21
Campr. disch. 721 2@4.77 2523.105 28.7S 78. 22 2. 74 Q. a3 1. 21
Turbine inlet 2300 13¢.S8 3@98.00 =8. 89 74.Q3 11.@9 7.4 7. 47
Turbine exhaust 11@1 15.26 3498.51 28. 88 74.51 12. 20 6.956 6.73

“ompressor= 158238 Turbine= 311782 Mech. loss= 921 kW
Turbine coclarnt= 12.1 % compr in

T apecific power @ gen term= 45.4 “W per kpph

3T efficiency @ gen term= 30.38 % HHV = 33.082 % LHV



}

ok 0 e v

5STPRO 3.31 Michael Brown 10-15-199@ 13:47:48

GAS TURBINE/GENERATOR HEART BALANCE
BTU/s

.‘gy in = 481473

Gas Turbine p.&

‘nlet air inlet air Water Steam Fuel
jensible Latent Ing. Ing. HHV
Ve 6131 2 @ 469273
rergy out = 481885 BTU/s
Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Prac
& carcass rad Losses Loss Loss Serisible Latent Output Air
1295 58S Q2 2a37 273158 4289 142585 19339

e e oot e Sabas oot S et o S et S Sore S S T s W e e e e Gt S S S P Ve o T WD S S ot S48 SS) S P S i S St S oA S e S it ot S o St S (o St S e S

o

ero enthalpy: dry gases & ligquid water @ 32 F (27
i@at BRalarnce Error = In - 0Out =-412 BTU/s =-.,086 %



STPRO 2.Z21 Michael Brown 1@-15-199@ 13:47:55

IGCC 57 - 222 MW UTILITY CYCLE

SENERAL ELECTRIC 7131 F
12 Subtype: 3

Steam cycle p.1

Induction

psia F BTU/1b kpph BTU/s-F BTU/s s5qQ. ft
nd rtrn Q.74 87.57 55. 58 585. 229
1akeup 17.72 8. a2 48, a2 4. 883
W osupl 17.7& 87.391 S9. 91 S589.31&
-TE 589. 312 &7 10220 32752
rom LTE 17.20 150. 02 117.88 589.912
-PB 42,927 122 11511 54742
vater bleed 96. 70@
1td. FW 17.20 2co. 20 188.13 493. 212
1PFW 1648. 87 o2l. 31 194. 33 425. 641
1PE1 425. 641 417 26379 194639
& 160@. 84 454,18 417. 45 2. 20@
iPEZ 425. 641 329 21289 147864
7 1577.53 $81.38 5935. €4 3. 20@&
iPES 42%5. 641 2 @ 7]
a8 1554, 22 581.98 595. 64 2. 2R
Flwdri 1554. 22 6Q1.98 €19.75 4.214
1PHE 421. 426 634 e&7aa 261148
9 1554. 22 6@1.38 1165. 18 Q. a2
iPS1 421. 426 Z60 39423 135356
1@ 15@8. 95 264. 41 1467.77 @. 200
421. 426 41 2863 21146
il 15@8. 35 1006. a2 1492.23 Q. Q@
into HPT 1465. 20 120@. 22 1490. 12 421. 426
R/H extr 456.:25 728. 84 1366. 34 421. 426
stm addn  456. 29 457.29 1205. 59 . 2R
old R/H  456.:25 728. 84 1326€E. 34 421. 426
vt HRT  43@. @6 122@a. 2@ 15z@. 7@ 421. 426
IPT exit 333. 81 348.7Q 1496. 202 421. 426
IPFW 371.32 2e8. 29 189. 48 €7.571
1PE 67.971 48 3799 2es4e
1 26Q. Sa 414.18 391. 86 2. 002
Alwdn S60. Sa 434.18 412.73 @a. 669
[PB 66. 302 284 15117 122005
5tm addn 326@.50Q 434,18 1205. @9 96. 72@
c 36@., S 434.18 1205. 19 Q2. 20a
I1PS1 163. 602 100 493@ 54558
3 390. 00 €21.738 1314. 390 2. 2@
1 PSSz 163. 602 @ a @
4 250. 20 €6d1.98 1314.90 B. 2002
~ald R/H  456. 85 708. 84 1266. 24 421. 426
1PS3 421. 426 124 184a2 S3779
] 442, 96 12@6. 2@ 1523. 54 a. 20@
I LRT 339.81 849.87 1444, 66 S585. 023
L‘axit .74 91.57 1214.76 585. 29



iTPRO 3.31 Michael Brown 10-15-1999 13:47:55 Steam cycle p.&2

STEAM TUREBINE

. Na. of steps Exit Quality Efficiency (%) Work (kW)
‘m HPT exit 1 1. 365 67.78 18310
‘a LPT exit 19 2.217 86. 83 73704
iross power = 392014 kW. Mech/Elect losses = 2760 kW.
enerator output = 89254 kWe. ST auxiliaries = 6295 kWe
imiler feedpumps = 895 kWe
CONDENSER
P T h m

psia F BTU/1b kpph
PT exit B. 7365 91.357 1214. 76 585. 13
iaturation B. 7365 91.57
londensate well B. 7365 87.57 55. S8 585. a3
aoling water in £5. 20 374@9. 88
looling water out 80. 21 374@9. 88
{ er of passes= 1 UA= 8651 BTU/s—F Surface area = 42316 sq.ft

: OD =1 in Length= 38.6 ft rumber= 4191

tooling water: Velocity= 9 ft/s DP = 3.@2 psia Pumps = 422 kWe.

STEAM CYCLE HERT BALANCE
Imergy in = 349237 EBTU/s

e ———. o e S B it S0 S s S . S S SO S T — oy S T S S0 S S S Somis S’ TS S TS S oS S D S et O A e ey S WO S TS S ST G P SO PP S e MMM Gt i SOS Pram S SA  ea GS s S

6T Exhaust GT Exhaust Duct Burrner Makeup+Proc Pump External

Sensible Latent Fuel HHV Ret urn Work Steam
273182 42892 Q2 &S 758 IeI7a

e comen oo o et Pt i SO fhems Soabe " S s S S oot O T S D o e Sarte (o Pt San S Ufe Mian Pt et S M o o e St Sd YD (A s OO B S e SO ST e G ST D VS SH S S VOIS S St G S S e = St e

mergy out = 3491@2 BTU/s
Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
ladiated down Losses Seris. Latent C. W. Steam Injec. Water OQutput

- ——— v S S S s S e S o e 000y o o S o S SO ROSTS SHmet o TS S S SRS S S G G S S S G S S Co S S St SO S e e Heme Somat S RS B e S S S S S b G WY T o S S T eSS SRS e e S S et SO e > W

- — — a2t S T o S S " i S SO M S s S et S80SO S S PR St B S M S SO B S P g S Foa S SO S S S SSASS Sam S S e s SO NG G FEEA G W e St S s SO S ety GoOmS S AN ey SO SO O it (s W O ettt caaen G s G e

lpy: dry gases & liquid water @ 32 F (273.15 K)
woe Evror = In -~ Out = 135 BTU/s = .39 %



3STPRO 2.31 Michael Brown 10-15-199@ 13:47:55 Steam cycle p.3

HRSG GARS-SIDE PROFILE

‘ Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/TP  HP/IP F  inch H20 BTU/s-F BTU/s ft/s  Rows Ft

{1 1096.8 10@6.@ 50. 8

1 1096.8 1006.0 20. 8
147.8 @.9 145.3 £1478.@ SE.@ z.8 1.6

1817.9  964. 4 53.5

1@17.9 7@08.8 3@9.1

2 1217.9  964. 4 53.5
137.7 1.5 £59.9 35776.9 S&.1 6.8 2.8

884.7 E02.2 282.7

3 084.7 E@2.0  2B2.7
106. & 2.4 634.1 67366.9 44.9  13.1 5.5

£27.0 GO2.@ 25. 0

4  E27.0 S8Z.0 45,0

4 E27.0 EOE. O 5.0
61.5 1.6 428.3 £6319.2 38.&  1@.1 4.2

S523.7  434.2 89.6

S523.7  434.2 89.6

5  523.7  434.2 89.6
53. 7 2.8 £84.3 15268.1  35.2 6.1 2.5

._463. 2 434,82 29.0

6 4E63.2  434.2 9.0

6  463.5  414.2 49,0
65.6 1.3  465.@ 30479.6 31.8 1@.9 4.5

342.9 221.3  119.6

34@.9 S2@.3  12@.6

7 340.9 S20.0  120.9
95. 4 2.3 121.9 11626.6 =28.7 z.7 1.1

293.8 SE0.0 73.8

8 =293.8 1S0.0 143.8
153. 8 @. & 67.1 1@328.4 27.1 1.6 Q.7

251.8 87.5 164.2

v oo s o St S s Tt oo SO0 S At S St S S e S e e S A g e S e S S VS Bt e S S L SO S St U008 S S BOORD Sns font S SRS Pt S S S (SRS T D et e} SO PSS TS P YRS Gt O S S G s G Gt PSR SR SHp S S it S & 2

Duct burner fuel= B kpph
3as mole composition: 74.5 %N2+Ar 12.&8 %02 6.56 %C02 6.73 *H20 .@02 %S0z

“lue gas dew point = 101 F M. W.= 8.9
iRSG TOTALS Ecoromisers Evaporators Superheaters TOTAL
Q BTU/s 61467 23328 61678 216473
JA BTU/s-F 861 12402 S5 2406
Q 5q. Tt 337757 437835 264838 1122532
Prime surface= 64018 fin surface= 1836511 sq.ft. Averaged fin eff.= .73

4RSB frontal area = 132@ sq.ft. Gas mass flux= 5.26 kpph/sq.ft
HRSG length = 23 ft, S55.2 tube rows, 3167 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .@7

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



BE 7191 F
Water cooling
air to coal ratio 2.41 air pressure 204 Cp air  0.248
water coal ratio 8.152 air temperature 721 Cp water 1.000
air to water ratio 15.91 water temperature 80 Cp steam 8.435

air
water

1b wt X wmols wmol X partial

pressure
15.9i 94.09% 0,55 99.88% 185,39
1.00 5.91% 0.86 9.12%¢ 18.61 sat temp 224

Temperature of combined stream entering boost compressor

400.52 F sat pressure 247 psia Rel. Hum. 7.53%

Temperature of stream exiting compressor (85% comp eff)
TF = Ti + (Ti/ne{ (PF/PD)*((k-1)/K)-1})

where

Ti - inlet temperature - 400,92 F - B60.92 R

n - efficiency - 83.08%

k - ratio of specific heat @ constant pressure to specific
to specific heat @ constant voluse  1.384

Pf - final pressure 350 psia

Pi - initial pressure 204 psia

Tf = 364.09 F
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! { 1 |Standardized IGCC Gasifier Utility Application Reference Coal -
! ) 2 |Mass & Energy Balance GE7191F  Plant Full Load Predicted Gasifier Ou
5 ' 3_[Stream No. T 2 3 4 ki
: ‘ 4_|Identification AR Coal Coal Fines Sized Coal CompAkk® 241 AC Water @ 0.26
| $ |From Thinols #6 Sizer @  30%|Combined Streams |Aux Compr &/or Booster Compr Cooling Water H20/.
1 s _[To Sizer _B%c_ulﬂn. |_Gasifler e Gasifier Gasifier Coal|
: 7 |Gaa Mol Wt 1o/Rr wt® | I/hr wi% | Ar i % e Wmol wi% moi% |  WRr
N
®_|CO 2010 0 000 000 o
10 |H2 2016 [ 000 000 0.
' 11]CO2 4010 18s 001 005 009
12 |[H20 18019 2490 018 o 1 ant
13 |CH4 16062 0 0.00 0.00 0.
H 14 |C2Hé 30068 0 0.00 0.00 0.
) 15 |H2S 34.076 ° 0.00 000 0.
16 |COS €0.0%0 (] 0.00 .00 0.
17 N2 2013 982 N6 1503 T
18 |Ar 9948 5,144 a8 1] 0.93
19 |HCI 36.461 [ 000 000 0.
20 |[HCN 2.026 0 0.00 000 0.
21 |NHD 17.00 (] 000 0.00 o.
22|Cs2 76131 0 0.00 Q.00 0.
23 |SO2 “.0% 0 000 Q.00 0.
24 INO 30.006 o 0.00 a00 0.
25 |02 31999 9o 663 21N .
26 [NaCl 497 [ 0.00 000 o.
27 |KQ1 74.996 o 000 0.00 0.
28 [Total Gas (W/hr) 3915% 2886 10000 100 42231
29
L] 36 |Volumetric Flow Rates (STF 14.7 peia, S9F)
- 31 [(acfm) 7,101
£ 32 |(scfm) 85691
a 33
z . 34 |Heat (BTUMY) 1315
§ 35 |Cp (BTUDF) 02%
1 36 [HHV (BTUAY) 10,776 10776 10,776 0
] 37 |LHV (BTUAb) 102% 102% 10260 0
l 38 [Sensible Heat above
l 39 159 F Btu/lb steam ) 0 ) 126
' 40 |Latent Heat of
[ | 41 |Water Butb steam 7
42
“ 43 |Chemical Heat 166.87 99.16 1734.09 0.00
44 |(LHV) MBta/br
45 |Semsible Heat - 0.00 000 0.00 9.%
46 jabove 59 F MBtu/kr
47 |Latent Heat 026 2618 n.26 2%
48 jof Water MBtuhr
49 | TotalHeat(MBtu/br) 175112 29.34 121.34 51.95 3356
50 Number of Gasifiers for 85% Plant Availubility @90% Gasifier Availability, 350 psia
51
52|C 12011 91600  6.11%] 29304 601N 102724 0.78% st
53 |H 1.008 6116 TR 2033 A% €776 401 2 463
54 |0 16.000 12301 757%] 3690 151% 12301 1.28% 92,336 31,556
55 |N 14.007 1918 1.10% SIS L% 1918 L% 291,822 42,251 [Totl
( 56 1S 32060 4,60 280%{ 1404 2m% 4,60 271% 386,486 [Tous!
] 57 |CL2 5.500 (] 0.00%] 0 000% () 0.00% .
| . 58 [H20 18,016 2913 1410% 6874 1410% 22913 13.56%
el I 59 |ZnFe204
' $0 |ZnS
u 61 |FeS
| 62 {Fe203
1 63 |ZnO
a 64 |ASH 1629  1000%] 4875  1000% 17,706 10.48%)
R - £ 6 ITotal Solids 12502  10001%| 48751 10001% 169018  100.00%
JI . 6 6 [Total Flow (pph) 12502 * 48,751 169,018 391,63 42241
i [ ¥4
| %8 |[Total Flow (pps) 45.4 13.5¢ %95 108.79 1174
i 6 9 [Pressure (psia) 147 147 147 350 ¢ 350 ¢
i 70 {Temperature (F) 2 9 39 364 ¢ 364 ¢
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- Illinols #6 J-1538 DE-AC21-89MC26291 1
er Output 10/16/90 Revision 7 2
e Uncomd 7 ] [ 10 "8 sciNb of coal 3 |

426 Ash Fimes (Char) o Dust(per RTI dia) |Miscelianeous Hot Gas with Tars 4
H) | Gosifier 269% [Gueifier @ 4.00%|Gaslfier @ 6.00%|Final Cycilone Gasifier Hest Geslfier N2 ia coal [
Coal |Ash Silo Briquettin HGCU Reclalm Losses lI_GCU _t_oNlDCm_L 90.1%| 6
Nhr W% s Wik wik | WWar wi% | Bhr Wik e lomol  wi% mol %] 7 ]

8

191,659 &» 2626 2w 9

13 09 118 1426] 10

61,867 206 175 650 11

] 29,486 157 511 csol 12
12,91 o 215 326 I3

2451 010 o043 ox 14

4263 018 o7 os3f 1S

1254 0.08 022 ool 16

294011 1% %9 «nl 17

5,144 oz 089 o 18
[ 000 000 ocof 19|

200 oot o003 o] 20

1912 008 o034 o] 21

0 000 o000 ooo| 22

° 000 000 o0 B

0 000 000 000 24
° 00 000 acol 28]

; ( 000 oo00 oo} 26
! 0 000 000 0oof 27
=1} 11,921 2434 10000 10000{ 28
i 2
11921 30

2977 31

149,856 k7]

3

18 34
0260 0.260 025 03260 0x9 35

[ 10936 17,329 0 25088 36

° 109% 165711 ° 23750 37

38

154 276 276 73] 349 39

40

0 0 749 0 214 41

[ 42

n1o0 Nnow 16157 000 7L Q

“

290 1% 269 026 989 Wate/seam 201.37 45

Jucka 46

000 000 230 000 229 Traversing 123.52] Gus 2V 189 Bu/scd | 47

Stirrer Estimated= & Pum | 48

9956 41.00 288 17156 026 121.1 Total 1696.49] Calculssad Bub | 4
poia & 17 tph (typical) Coal each: 6.7 |Unit Output ») 223.0 MWa BukGas~  4.67% H20 50
Calc Comb Temp (F) 2739 51 |

2,8 13.921 044 T1.60% 8,500  98.00% 95,103 95,1 0.00%] F_s_g_

o  0DO% 70  8.00% 14293 14294 000m 5]

o 000% 195  2.00% 162% ] 16256 ooox 54

o ooom % 100% 29570| 579 000%; 5§

° 0.00{ 0 000% % 100W 4,600 as81] 002w [ 56 ]

0  000% Sab-Towts]|  S72377]  S72,37T1] 0.00%; 57

0  000% Sum of ofGes | Man S8 |

™ 90 Strearns s |Unbalance 59

16 2 balance check 60

) 6 Cycle Efficincy(g) = 46.71% 61

0 0 Cycle Efficlency (n) = 43.47% 62

16 2 3]

16250 % 1456 22.40% (] 0 4

18,878 100 6300  100.00% 9750  100.00%) [T 100 65

18,578 §30 9,750 89 511,521 %g_

524 181 27 023 16042 ©8

147 350 350+ 280 200 69

630 1120 1120 1300 1120 70
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! 3 |Standardized IGCC Gasifier Utility Application Reference Coal - Il

: ! 2 |Mass & Energy Balance GE7191 F __ Plant Predicted Gasifier Ou

ﬁ:ﬁ ‘ 3_|Stream No. 11 12 13

’ 4 |Identification Alr Bleed Alr Bleed Alr

4 : $_|From Atmasphers Compressor for

; 0 Gas Turbine Compressor Booster Compressor Cooler Coolant

7 |Ges ol Wt TVar W/mol wt% mol % Rr  b/mol wi% mol % To/r
s
9 |CO 22010 (] .00 0.00 nmi 0 0.00 0.0 0.00|
10 |H2 2016 ° 0.00 0.00 0.00 0 0.00 .00 aooJ
11]CO2 44010 1,5 0.01 0.05 0.09 188 001 005 003
12 |JHIO 18019 2107 o018 0.64 1.2 2,490 (31} 0.64 L 2,54
13 |CH4 16062 ° 0.00 0.00 0.00| 0 0.00 000 000
14 |C2Hé 0068 (] 0.00 0.00 .00 0 000 0.00 0.00
16 |H2S U076 0 0.00 0.00 0.00 0 0.00 000 000
18 |COS 007 [} 0.00 0.00 0.00 [} 000 000 000
17 N2 2013| 2487140 2168 75.08 71| 2w3m2 2168 SO0 T 300,477
18 |Ar 39948 43,543 o 13 095 S.144 0% 131 095
19 JHC1 36461 0 000 0.00 0.00 0 0.00 000 000 0
20 |JHCN 21026, 0 0.00 0.00 Q.00 (] 0.00 0.00 0.00, 0
21 |NH3 170% 0 0.00 0.00 0.00 0 000 000 000 0
22|Cs2 %N 0 0.00 000 0.00 [\ 0.00 000 000 [} 0.00 0.00
23 |SO2 HA0%D ] 0.00 0.00 0.00 (] 0.00 000 000 (] Q00 0.00
24 ,NO 30006 ] 0.00 0.00 0.00 0 .00 000 000 ° 0.00 0.00
26 |02 sl 761,731 e 2% 207 ®988 ¢ 1N 207 719,116 () 7%
26 |[NaCl n497 0 0.00 000 0.00 0 0.00 000 000 0 006 0.00
27 |[KQ 4996 0 0.00 0.00 0.00 (] 0.00 0.00 0.00 0.00 0.00
28 [Total Ges (Tv/hr) 3NSp 288 0000 #0000} 391630 2886 10000 10000 400,%0| 2,%229% 2886 10000
29
30 |Volumetric Flow Rates (STP 14.7 pela, 59F)
31 |[(acfm) 30 14,003 90,208
32 |(scfm) 12532 85,601 882%9] 952000
33
34 |hgAdiabHeat(BTUAD)
35 |Cp (BTUNLF) 0240 0255 0253
36 |HHV (BTUAb) 00 []] 00
37 |LHV (BTUAD) 00 00 00
38 |Sensible Heat
39 |above 59 F Btw/lb (] 16 169
40 |Latent Heat
41 |of Water Btulb 7 7 1
42
43 |Chemical Heat 0.00 0.00 0.00
44 |(LHV) MBtw/ar
45 |Semsible Heat 0.00 66.09 42573
46 jabove 59 F MBtu/br
47 |Latent Heat 212 2% 16.68
48 |of Watsr MBtu/hr
49 |TotalH est(MBtw/kr) ns e 44242
50 ParssiticLoad  16.64 M\
51
52 [C 12011 7] s 326 326
63 |H 1,008 m %) 1. 1
s4]o 16000 92,33 94, 2443 594,843
65 |N 14.007 29352 300,477 1992840
66 |S 0060 0 0 0 0
67 |CL2 35.500 386 . sub-totals | 0792 2489792
58 |H20 18016 balance check
59 |ZnFe204
60 |ZnS
61 |FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
66 |Total Flow (pph) 3315060 391,630 400,%0] 2922930
67
68 |Total Flow (pps) 920.85 * 10879 . 11123] 6081
69 |Pressure (psia) 147 208 ¢ 208
70 |Temperature (F) 9 ¢ 721 ¢ g1




T As_ 1 _Av 1 av 1 Aav | Aw | X T ar | _AZ | BA BC 80 BE [ )
Illinols #6 J-1538 DE-AC21-89MC26291 1
:Output Revision 7 _ 10/16/90| 2
16 17 3
tharge ThrmiNO {ppmvd) 25 |Exhaust Gos 4
*Rich/Lean Red.F 85% |Gas Turbine 5
[

F mol® mols Wi % mol% | Ib o i mo% |7
8
0m 0.00 000 0.00 0 0 000 000 00 9
(L 000 0.00 0.00 o 0 0.00 000 000 10
008 327 oomé 3% 1] 742 49,182  BWUIS 998 ¢51| 11
s 133 0.00 461 1. 147214 MNTT 421 emn| 12
0.00 000 000 0.00 o 0 0.00 000 0.00{ 13
o0 000 000 0.00 o 0 0.00 000 0.00{ 14
1000 0.00 0.00 0.00 o 0 0.00 000 ooof 15
000 [ 000 000 000 o 0 0.00 000 0.00{ 16
1508 2,188,220 2048 00252 70.64 712 248897 8834079 .14 .9 17
wn 5,144 19 382 036 0.00 4 o a1 10897 124 o0 18
10,00 0.00) 0 0 0.00 [\ 000 000 000 o 0 0.00 000 o000 19
1000 0.00 200 1 003 o 000 0.00 0.00 o 0 0.00 000 0.00{ 20
{000 000 1m 116 03 0 000 0.00 0.00 o o 0.00 000 000 21
| .00 0 0 0.00 0 0.00 0.00 000 o 0 0.00 000 0.00{ 22
. 0,00 0 o 0.00 94 00009  0.0000 00030 00014 94 146 000 0.00{ 23
o0 ° [ 000 1% 00072  0.0000 oa4s O 1% 25.63 onz 0m] 24
ns 0 0 0.00 376,859 353 0008 1217 10 468886 1465014 1340 .14 28
om 0 0 0.00 0 000 0.00 000 o 0 0.00 000 0.00{ 26
Q.00 [} 0 0.00 0 000 0.00 0.00 o 0 0.00 000 0.00{ 27
SH9% 23,704 100.00 3,097, 2900  0.0M3 30000 100/ 3498380 12071692 10000 100.00{ 28

3,097 284 bal &k 308384 back 29

30
2485 268214 2221229 31

149,658 674,536 762,169 2

33

34

03M 0284 0267 35

2,549 0.0 0.0 36

2,3%0 0.0 0 37

38

375 a6 39

40

219 49 “ 41

42

1339.65 0.00 0.00 43

44

215 1971.63 97494 45

46

1.0 15045 153.10 47

48

1680.7% 212208 212321 bal chk 112804 49

|__Combustion Turbine Output 150427 MWg ] 1.06 Turbine Compressor Surge Margin_ | S0

S1

95,180 95, 0.00% 9531 951 0.00%!  S2 |

16074 16,07 0.00%! 16357 16357 0.00%; s3

79718 1597123  0.00% 854,151 854,151 0.00%; S4

2188579 21 0.00% 249056 248036 0.00%) [

47 a 0.10% «1 a 0.00%; [ 56 |

3050603 0. ub-total IASAS42 34U 0.00%) §7

balence check belaace check S8

59

60

61

62

63

64

6S

5749% 3,097,880 3,498,380 66

67

i9.71 860.52 9177 68

z19.1 197 15.13 £9

... heo 2,300 © 1101 ¢ 70

e ————————————
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1 |Standardized IGCC Gasifier Utility Application Reference Coal - Illinols #6
2 |Mass & Energy Balance GE 7191 F Predicted Gasifier Output
3 |Stream No. 18 19 Thrml NO (ppmvd) 25 20 1
4 _|Identification Fusl for Supplementary Firing Flue Gss SCRRedF 80% | Superhented Steam | Low Pressure St
6 |[From Gasifler HRSG R/LRdF 85% HRSC HRSG
¢ |To | HRSG — Stack NOx ReburaF 0% Steam Turbine Steam Turbin
7 |Ges MolWt| Whr Imol wi% mol Whr mowbr  wi%  mol%™ | WA | Y3
8
9 |CO 0 6% 2626 0 0.00 0.00 0.00
10 |H2 ()} 029 118 () 0.00 0.00 000
11]C0O2 0 2.86 1178 39,182 9.1 998 €57
12 |H20 0 124 s.11 W24 UNT? 421 (%4
13 |CH4 0 o 219 0 0.00 0.00 0.00
14 |C2H6 ) 0.10 043 0 0.00 0.00 0.00
15 |H2S ° o 0 0 0.00 0.00 0.00
16 |COS 0 0.05 o ] 0.00 0.00 0.00
17 |N2 0 12% s091 2438697 8884079 718 73.61
12 |Ar 0 on 0% 4352 10897 L4 050
19 |[HC1 0 0.00 0.00 (] 0.00 0.00 0.00)
20 |JHCN 0 001 0.03 [ 0.00 0.00 0.00
21 |NH3 0 008 oM 0 0.00 0.00 0.00
22|CS2 0 0.00 0.00 0 0.00 Q.00 0.00Stack Bemissions (VBw]
23 )S02 0 0.00 0.00 ™ 146 0.00 0.00/0.053
24 INO 0 0.00 0.00 1% 513 0.00 0.00l0.09
25 |02 0 0.00 0.00 463,586  14653.14 134 12.14
26 |[NaCi 0 0.00 0.00 0 0.00 0.00 0.00
27 |[KCl (] 0.00 0.00 )] 0.00 0.00 0.00
28 |Total Gas (1b/hr) 0 24.34 100.00 3,491,765 120696.42 100.00  100.00
29 | 3,497,769 bal chk
30 | Volumetric Flow Rates (STP 14.7 psia, S9F)
31 |(acfm) 0 1,045,418
32 |(scim) 0 _T62,0%9
33
34 |Heat (BTUMY) 150
. 35 |Cp (BTUNGF) 0334 0M9
36 |[HHV (BTUAD) 25489 00
37 |LHV (BTUAY) 23%0.0 (]
38 |Sensibie Heat above
39 |S9 F Btu/lb steam 0 Y
40 |Latent Heat of
41 |Water Btu/lb steam 0 “
42
43 |Chemical Heat 000 000
44 |(ILHV) MBtu/br
45 |Sensible Heat 000 16131
46 |above 59 F MBtuw/hr
47 |Latent Heat 000 153.10
48 |of Water MBtuhr '
40 |TotalH eat(MBtu/hr) 000 32091 193]
50 HRSG Turbine C
51
52|C 12,011 o 9s31 95 0.00%)
53 |H 0| 16357 16397 0.00%
54 JO 1 0 3,823 853 0.00%
65 I[N 14.007 0 248876 2488,1® 0.00%;
56 |S 32 0 €1 L] 0.00%
§7 |CL2 3. 0 1 34221 3454227 0.00%{ sub-tetal
58 |H20 1001
59 |ZnFe204
60 {ZnS
61 [FeS
62 |Fe203
63 |ZnO
64 |ASH
65 |Total Solids
' 66 |Total Flow (pph) 0 3,498,380 421416
67
68 | Total Flow (pps) o° mn mmj
69 |Pressure (psia) 7191 147 1485,
70 |Temperature (F) 1180 292 ¢ 1
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Revision

mureSeam | Make Up Waler
HRSG WaterTreatment

7

10/16/90
7

Set. Steamn
Gasifler
HRSG

Process §tm

Stm Turbine

Process F:clll_t!

1204 48

O.”‘ 2.26

Output 893

66902 47,132

96,703

R s

ENEREEE

18.98 13.09

2 |

26.88)
3%
ax|

L

3
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1 Standardlzed IGCC Gasmer Utlllty Appllcatlon Reference Coal - llllnols #6
2 [Mass & Energy Balance GE 7191 F Predicted Gaslﬂer Output
3 {Stream No. | 28 2% I 27a
|4 _|Identification Regen Recycle Loop  [Conc SO2 Bleed Elemental Sulfur Elemental Sulfur
5 |From Recycie Blower Regen Loop Resox Process DSRP
[ ___ISRP — Marketabls Byproduct Marketabls Byproduc
7] wi% | P/ar  lbwmor mowhr wi%  mol% | I/Ar wi% ™ar
8
0] 0 000 0.00 0.00 0.00
10 [ 0.00 0.00 0.00 0.00
11 0.0s| 2 002 045 0.0 004
o8 248 020 13.61 0. L1
0 0.00 0.00 0.00 0.00
0 0.00 Q.00 0.00 0.00)
0 0.00 0.00 0.00 0.00
0 0.00 0.00 0.00 0.00
1481 29669 M0 105912 MW 6.02
0.00 (] 0.00 .00 0.00 0.00
0 0.00 0.00 0.00 0.00
0 000 0.00 0.00 0.00
0 0.00 0.00 0.00 000
0 0.00 0.00 0.00 0.00|
2335|9269 152 e DBY .74
[ 0.00 0.00 0.00 0.00
LoyJ 0 039 1345 1.09 1.09
[ 000 0.00 0.00 0.00
0 0.00 0.00 0.00 0.00
10000} 39,67 .19 1231 100.00 100.00
30 |Volumetric Flow Rates  (STP 14.7 psia, SSF)
31 |(acfm) 16,118 1.8
32 |(sefm) 93283 1,714
33
34 [Heat (BTUND)
35 |Cp (BTUNLF) 0240 0240 0.000 0<
36 |[HHV (BTUMN)
37 JLHV (BTUAD)
38 |Sensible Heat above
39 |59 F Btu/lb steam
40 |Latent Heat of
41 |Water Btulb steam
42
43 |Chemical Heat 1843 "
44 |(LHV) MBtu/hr
45 |Sensible Heat 153.04 11.80 0.00 a
46 jabove S9 F MBtw/br
47 |Latent Heat 3.06 026 0.00 o
48 |of Water MBtu/hr
49 |Totalleat{MBtwhr) 156.10 1206 1843 1*
50
1)
52]|C 12.011
53 [H 1
5410 1
I58IN 14.007
56 |S n 4631 4
Is7jcL2 3. -
§8 [H20 18.01
50 |ZnFe204
60 |ZnS
61 |FeS
62 |[Fe203
63 |ZnO
64 |ASH 000 0
65 |Total Solids
66 [Total Flow (pph) 475,301 39,7 4631 4
67
68 [Total Flow (ppe) 13209 nol 129
69 |Pressure (psia) 204 294 15
70 [Tempersture (F) 1400 1300 284 -
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Retrofit/Repower
Schematic & Mass/Energy Balance

Page C-16
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T 5 T o6 [ € T F [ a1 w1 v 1 o J x 1 t 1 Ml N ) |
1 [Standardized IGCC Gasifier Retrofit/Repower Application Reference Coal -
2 |Mass & Energy Balance GE 7191 F Plant Full Load Predicted Gasifier Outz
3 [Stream No. 1 2 3 4 ]
4 |Identification AR Coal Coal Fines |su.¢ Coal CompAir@ 241 AIC Waler @ 0.2
§_|From Iitimols 86 Stzer @  30%|Combined Streams |Aux Compr &/or Socster Compr Cooling Water  H2/
Te Siner %gnwn‘ Gaslifier Gasifier — Gosifier Coal |
7 |G Mol Wt IWhr wi% ar Wik | Ibar  wi® | Whr IWmol wi% mol% “hr
[
9 |CO o 000 0.00 0.
10 |H2 0 000 0.00 0.
11]CO2 9% 001 0.08 0.0,
12 |[H20 12M als 0.64 1. 122,747
13 |[CH4 0 000 0.00 0.
14 |C2H6 0 000 0.00 0.
15 |H2S (] 000 0.00 0.
16 |COS (] 000 0.00 0.
17 |N2 89514 2168 7508 n
18 |Ar 14944 a3 1 0.
19 |HC1 0 000 0.00 0.
20 JHCN 0 000 0.00 0.
21 |[NH3 0 0.00 0.00 0.
22 |CS2 (] 000 0.00 0.
23|S0 0 0.00 0.00 o
24 |[NO 0 000 000 (Y
26 |02 261433 €6 n% .
26 |NaCl 0 000 000 0.
27 |JKQ ° 000 000 0.
28 [Total Gas (W/hr) 1,157,766 2886 10000 100. 122,761
29
30 | Volumetric Flow Rates (STP 14.7 paia, 59F)
31 |(ncim) 204630
32 |(scfm) 24899
33
34 |Heat (BTUMW) 1S
35 |Cp (BTUIF) 02%
3¢ |HHV (BTUMW) 10,776 10,776 0,776 (]
37 |[LHV (BTUM) 102% 101% 020 o
38 |Sensibie Heat above
39 |59 F Btu/lb steam 0 [} 0 126
40 |Latent Heat of
41 |Water Bu/ib steam 7
42
43 |Chemical Heat 4433.08 1450.16 3077.08 0.00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 0.00 0.00 143.41
46 |above $9 F MBtw/hr
47 |Latent Heat 293.9 76.08 293.% 19
48 |of Water MBtu/hr
40 |TotalHeat(MBtu/hr) 5087.37 192621 s91.57 1%0.93 16141
$0 Number of Gasifiers for 85% Plant Availability @90% Gasifier Availability, 350 psia £
§1
§2 12.011 263,781 @.11%] 8513 6O0.11% 298439 7% 17
§3 |H 1.008 19,687 417T% 5906 AN 196807 401% 04 13,609
64 ]0 1 3% 75M% 10721 19I%  NIN 18% 268,257 109,108
66 N 14.007, ssn 1.10% 1671 L18W ssn 1L13%: 853,614 47
5618 13,997 280% 490 21:8 13,997 271% 1,122,001 [Total
67 |CL2 3. 0 0.00% 0 o 0 0.00%:
§8 |[H1O 1801 66,3566 14.10% 19970 1430W 66566 13.56%
59 |ZaFe204
60 |ZasS
61 FeS
62 |Fe208
83 |Za
¢4 |ASH 41210 wooN| 14160 uunﬁ 51,440 10.48%
6§ |Total Solids 47,102 100019 141631 30001 ”10% 300.00%
66 {Total Flow (pph) @ o 141631 __#0% 1,157,766 122,747
7
68 [Total Flow (ppe) 13114 »M 1360 316.08 .10
1] (pain) 147 W1 17 350 * 350 *
70 () 2 » » 364 * 364 ©
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Iilinois #6 J-1538 DE-AC21-89M C26291

wut 10/17/90 Revision 3
7 [} ’ 16 38 scihv of coal
% Fimes (Char) o Dust{per RT1 dia) |[Miscellansous Hot Gas with Tars
Y Gasifier @ 4.00% Final Cyclone Gasifier Heat Gasliler N2 in conl
el _JAsh Silo Briquettin Reclaim Losses HGCU toNH3 Conv 90.1%
‘ ™ wi% Whr wt % ®ohar wi% Y 1W/mol w% mol%
440,509 €® 12626 nW
19,021 0.® s 1
197,167 286 1178 .
83,662 124 5.1 &
33997 0.2 218
1138 0.10 a4) 03] 14
12,983 0.18 074 osy| 1S
3,644 0.08 on
854,163 1299 091 M| 17
14943 o (1) o4l |
0 0.00 0.00 o
se1 0.01 0.03 acy| 20
7. 0.08 034 0.
0 0.00 0.00 22
] 0.00 .00 f<]
0 0.00 0.00 F7
[ 0.00 000 25
(] 0.00 .00 26
0 0.00 0.00 F1]
1,677,818 24.3¢ 10000 28
2
1,671,818 30
69,657 31
435,363 32
33
34
0260 0260 026 0.260 09 3S
0 10936 11,29 0 2,588 36
° 10936 1651 0 29150 37
38
154 716 76 b7 M9 39
40
0 0 149 [ 214 41
K
11069 20652 @41 000 3984.76 43
44
(%) 321 781 om 285.4 Water/steam $83.03 45
Jocket 46
0.00 000 2121 000 66.5 Travarsing 356.85| G HHV= 199 Bavsd | 47
Stirrer Bstimatod= asBuwb | 48
119.12 211.73 49843 01 3520 Total 428.64] Calculasad= »bhwp |49
& 17 tph (typical) Coal each: 15.3 [Unit Output (MWa) 602.1 MWa BukGa=  4.67% H2O $0
| Calc Comb Tanp (F) 2333 51
7634 13 14654  T1.60% 4921 $800% neme] 2 0.00% | 52 )
0  000% 2266 $00% 41,925 4 0.00% 3
0 000% 61  200% 221 0.00%] 54
0o  000% 288  1.00%! sss,188] 8891 0.00%; 55
0 0 000% 288  100% , 13,917 13,59%9] -002% E3
0 000 Sub- i 3] 1,662,875 _000% | 57 |
o 000% Sum of ofGes | Mas | S8 |
2,142 .9 Sereneis balance 59
a8 2 balancs check 60
143 6 Cyde Efficincy(g) = 45.81% 61
[ o Cycle Bfficiency (n) = 40.40% | 62 |
48 2 €3
41210 4230 DA% 0 4
34,044 .::ﬁ 1884 1 28,26 100.00%; 2,%0 Ko [13
S 18,304 2836 2300 1,671,818 1:6
7
1523 523 1 066 466.06 [ 68 |
i1 390 ¢ 3w 280 200 €9
) 1120 1120 1300 120 70
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1 |Standardized IGCC Gasifier Retrofit/Repower Application Reference Coal - Il
2 |Mass & Energy Balance GE7191 F _ Plant Predicted Gasifler Ou
3 |[Stream No. 11 12 13
4 |Identification Alr Bleed Alr Bleed Alr
§ _|From Atmosphere for
} [To Boostsr Compressor Cooler Coolant
7 [Cas Mmool wi®% mol ®| IWhr | Wir
s
% |CO 0.00 0 000 000 °
10 |H2 000 0.00 0 0.00 0 000 [
11]C032 ao1 0o’ 188 oot 008 003 L98
12 |H20 2490 ais 06 1.02 2,54 16041
13 |CH4 000 0.00 (1 [ Q00 000 O 0
14 |C2Hé 000 0.00 Q 0 aoo 000 000 [ ]
15 |H2S 0.00 000 [ Y ° 00 000 000 [
ﬁoos 000 a0 'Y ° 000 00 @00 °
17 |N2 n w38 NS 1O TN 300, 1,992,340
18 |Ar o 8} (1 5,144 o n ags s, 33,138 o L
18 |[HQ 00 0.00 Q [ 000 Qo0 000 ° 0.00 0.00
20 |HCN 00 0.00 a 0 Qoo Q00 0.00 ° Q.00 0.00
21|23 00 0.00 a 0 000 000 1 [} a0 Q.00
22|Cs2 000 000 a (] 000 000 o 0 .00 0.00
23 |sO2 a00 0.00 Q (] 000 0.00 0.00 [ 0.00 0.00
24 |NO 000 .00 a (] ao 0.00 0.00 [} 0.00 0.00
25 |02 20 X ] ¢ %N 207N seNe () -1
26 |NaCl 0.00 0.00 1 0 Q00 000 000 ° 0.00 0.00
27 |[KQ1 000 0.00 [{ [} 000 0.00 Q.00 [ ] 000 000
28 [Total Gas (W) 3315p0 2006 100.00 100, W00 2806 10000 100 400,300 2306  100.00
29
30 |Volumetric Flow Rates (STP 14.7 pala, S9F)
3 1 [(acfm) 283 14,003 90,208
f 125302 85,81 81299] 352000
0240 0233 0255
a0 0o ao
00 (7] a0
0 16 16
4 1 |of Water Btuld 7 7 7
42
43 |Chemical Heat 0.00 0.00 .00
44 |(LHV) MBtu/hr
45 |Sensible Heat 0.00 66.09 42573
46 |above $9 F MBtu/hr
47 |Latent Heat ns 2% 1668
48 |of Water MBtu/hr
49 |TotalHest(MBtu/hr) 219 aa 44242 B
§0 Parssitic Load  80.75 MW
§1
52|C o1 ) 3 326
53 |H 1.008 m » Lm 1,
54 |0 % PAMUS I
66 |JN 14007 298 82 300477 1992840
L] 0 0 0 0
37 |CL2 38 386 93 abionls | 2400792 2489792
58 |H20 1801 balencs check
§0 |ZaFe204
$0 |ZaS
61]|FeS
62 |Fs208
63 |ZaO
o4 jASH
65 {Total Solids
6§ [Total Flow (pph) 3315060 391,60 400,00 | 2,122930
67
68 [Total Flow (pp2) an.es ¢ m» . 1128 70081
6§ [Presmsure (psis) 147° 208 ¢ 208
70 ) 3 * 721 ¢ m




—

LAR | AS | _AF T _ Aau_ [ AV _[ Aw | AX Ay | A2 BA [T] BC ) BE aF
al -  Illinols #& J-1538 DE-AC21-89MC26291 1
iifler Output § Revision 3 10/17/90] 2
15 16 17 3

or Discharge Fual %H1S Inlet Gos ThrmiNO (ppmvd) 28  |Exhaust Gas 4
or HGCU Removed |GT Combustor *Rich/Leaa Red. F  85% |Ges Turbine [
r GT Combustor 99.0%|GT Expander Boller [3
wt%h mol% | W molar W% mol % whr 1b/mol mols vi%  mol% | War mols/tr Wi % mol% 7
8

000 o 151,655 sA14 263 7 ° 0.00 000 000 ° 0.00 000 000 9

000 o «7% 342 L7 14.10 0 0.00 000 0 0 000 000 0.00{ 10

: 003 am 61861 1,542 1L00 631 348,993 327  0.0026 1z U2 INMIE 998 .51 11
| 0.4 1] 246 1,002 5.6 160 144,668 139 000 'y 147214  NTT 421 e 12
0.00 o 17,m, ™m 216 326 [ 0.00 000 a0 [ 0.00 000 o.00f 13

0.00 o 24957 (-] 04 oM [ 0.00 000 000 0 0.00 000 0.00{ 14

0.00 o @ 1 aot 001 0 0.00 000 000 0 0.00 000 0.00{ 1§

0.00 o 13 [ 0.00 o 0 000 000 aco 0 0.00 000 0.00{ 16

73508 I8 294011 10496 SLI4 “3s] 218220 2048 0.@s2 70.64 248007 38984079 e .M 17

1811 a9s 5,144 12 (1 s nam 036 000 1M 4342 0897 124 o0y 18

000 o [ o 0.00 0.00 0 0.00 000 000 ° 000 000 0.00{ 19

0.00 Y 200 7 am am 0 0.00 000 000 [ 0.00 000 0.00{ 20

o o 1M 116 aM 09 ° ©.00 000 0.00 0 000 000 0.00{ 21

0.00 o [ [ 000 0.00 [ 000 000 €00 0 000 000 0.00{ 22

0.00 o ° 0 0.00 Q.00 9 00009  0.0000 0.0030 94 146 000 0.00{ 23 |

000 o o 0 0.00 0.00 1% 00072  0.0000 oaues % 2563 om oo 24

ns 20 [} ° 000 o 7635 353  0.0038 1217 460086 1465314 1340 12.14] 25

) 0.00 [} 0 0.00 0.00 0 000 0.00 000 0 0.00 000 0.00{ 26
0.00 o [} 0 000 0.00 0 000 000 000 [} 0.00 000 0.00{ 27
300.00 300, THIN 234 300.00 30000} 3,097,880 2900 00343 10000 100.00{ 3498380 12071692 10000 10000 28
3097 584 bel &k 3490384 belk 29

30

MA34 268214 222100 31

140659 674,936 162,169 32

33

34

0.3 0.284 0267 3s

23489 .00 0.0 36

2,330 00 0 37

38

373 Q6 ne 39

40

219 49 “ 41

42

139.65 0.00 0.00 43

44

2152 197163 97494 45

46

5.0 150.45 153.10 47

48

1680.79 . 212208 212321 bal chk 112804 49

I Combustion Turbine Output 150427 MWg | 1.06 Turbine Compressor Surge Margin 50

51

95,100 93,1 0. 9312 0. 52

1 16074 1607 0.00%; 16,357 16,357 0.00% 53

164,87 7978 159723  0.00% 854,151 854,151 0.00% 54

293, 2188579 2,188,957 0.00%; 24903% 249 0.00%4 55

41 41 &1 0.10% 41 L1 0.00% 56

569 3 3 3]  0.00% 3434 344 0. 57

balance check balance check 58

59

60

61

62

63

64

68

_SHIN 3,091,80 3,998,550 1

67

inn 86052 N 68

i w1 1513 69

1180 2300 * 101 * 70
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Standardized IGCC Gasifier Retrofi/Repower Applicat
Balance

GE 7191 F

jon

Reference Coal - Illinois #6
Predicted Gasifier Output

0.00 0.00
0.00 0.00
0.02 1.30
020 .53
0.00 0.00
0.00 000
0.00 000
0.00 0.00
24.10 07697
0.00 0.00
a.00 0.00
0.00 000
0.00 000
0.00 0.00
152 2009
0.00 0.00
038 007
0.00 0.00
0.00 0.00
.19 331

esoooosﬂoe

R

0.00
0.00
0.08
o.Q
0.00
0.00
0.00
0.00
uw
0.00
0.00
0.00
0.00
0.00
ny
0.00
1.09
0.00
0.00
100.00

i

gparogﬂpppplnpop

“
Elemental Sulfur
Resox Process
Marketable Byproduct
b/ hr wt%

Ua
Elemental Sulfur
DSRP

Marketable Byproduct
b/r

(actm)
(scfm)

Volumetric Flow Rates  (STP 14.7 psfa, S9F)

o

a5

Heat (BTUNG)

Cp (BTUAG F)

HHV (BTUNb)

LHV (BTUMW)

Sensible Heat above

59 F Btu/Ib steam

Latent Heat of

Water Btu/ib steam

e B E..8.%....

0240

0000

0.0x

Chemical Heat

(LHV) MBtu/br
Sensible Heat
above $9 F MBtu/be
Latent Heat

of Water MBtuhr

TotalHeai(MBtu/hr)

.0 074

45322 3503

93.95

0.00

0.00

$3.55

115,125

13453

1345

Eiﬁ%

398

130
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mlml_aﬁlul_ir}m_lmlmlilml BR |
1 |Standardized IGCC Gasifier Retrofit/Repower Application Reference Coal - Illinois #6
2 |Mass & Energy Balance GE 7191 F Predicted Gasifier Output
3 |Stream No. 8 19 Thrmi NO (ppmvd) 28 20

4 |identification Fuel for Supplementary Firing Flve Ges SCRRedF 80% Sat. Steam

§ |From Gasifier Boller RLRdF 85% Gasifier

¢ |To L Bollker ] Stack NOx ReburaF 0% Steam Turbine

7 |G MWt | er B/mol  wi%  mol% | | molbr wi®  wmol% To/ur

8

e |co 280904 €40 6% n ° 000 a0 o

10 |H2 12,008 axs 117 78 (] 0.00 am 0.

11 |CO2 129,300 20 1.9 . 11,800 2299045 o 14.

12 |H20 61,43 Ly 6 7. w2 TS0 s 13.81

13 |CH4 23,007 on 216 ° 0.00 0w o

14 |C2Hé 401 aw 04 0 000 0.00 o

16 |H2S N 0.00 001 ° 0.00 000 o

16 |COS M a0 000 0 000 000 a

17 N2 360,133 1240 Lu 3051426 10892893 64 .11

18 JAr 9™ o oW 133528 116 ass

19 |JHQ 0 0.00 0.00 0.00 000 a

20 JHCN N1 oot am 0.00 a0 (1

21 |INH3 3,756 acs oM 000 000 0

22 |CS2 0 0.00 a 0.00 a0 n:Eua Emiss icns (MBu.)
23 |8SO2 [} 00 000 44 aot 0.00{0.05)

24 INO 0 0.00 e 1524 001 0.01/0.09

25 |02 0 a0 .00 297399 L% 16

26 |NaCi (] 000 000 000 00 o

27 |KQ 0 a0 00 000 aao a

28 [Total Gas (Whr) 1,095,400 2426 000 1 157623.13 10000 100

20 | 4,391,909 bal chk

30 ] Volumatric Flow Rates (STP 14.7 peia, S9F)

L!_l(uh-) 41393 1365260

32 |(scfm) 283,129 995,189

33

34 |Heat (BTUNY) 1204
35 |Cp (BTUAGF) 034 axs7

36 |HHV (BTUNMS) 2549 00

37 |LHV (BTUAS) 2330.0 °

38 |Sensibie Heat above

30 |59 F Btu/Ib steam (] ]

40 [Latent Heat of

41 |Water Btu/b steam 0 »

42

43 |Chemical Heat 25031 0.00

44 |(LHV) MBtw/br

45 |Sensidle Heat 41023 2811

4 ¢ Jabove 59 F MBtu/lr

47 |Latent Heat %1 0191

48 jof Water MBtw/hr

49 [TotalHeat(MBtu/hr) w27 63608 285.44]
50 { Steam Turbine Output 4767 MWg | Fuel Expander
b 1

52} 12011 ZISM8 21594 0.00% ’
63 [H L an 4 0.00%

54 ]0 16 1,161,291 1,161,297 0.00%
[ssIN 14.007 351,641 3051 0.00%;

56 |8 32 13 1 0.07%

$7 |CL2 39 4 14 4,538,607 0.00%; sub-total

58 |H20 1801

59 |ZaFe204

60 |ZnS

61 |FeS

62 |Fe203

63 |ZnO

¢4 |ASH

65 [Total Solids

66 [Total Flow (pph) | 1,093,400 4,993,780 29090
67

68 |Total Flow (ppe) 304 * 127603

§ 0 |Pressure (psia) e 147 ”a
70 [Temperature (F) 1100 me.
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