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COST OF COGENERATING STEAM

C. CHULLABODHI AND W. TIA

School of Energy and Materials
King Mongkut’s Institute of Technology Thonburi

ABSTRACT

In cogeneration applications, the cost of generated steam and electricity are
usually required for product and service costings. Presently,there are several methods
available for the determination of the cogeneration steam cost, four of which are reviewed
and compared in this work to investigate the difference, and variations with system
parameters. The study employs cogeneration data of eleven factories, which have previ-
ously been evaluated for cogeneration viability. Among them, six plants which are
lignite fired, have system capacity ranging from 0.8 to 15.1 MWe, whereas the remaining
are HFO fired with capacity varying from 0.9 to 7.4 MWe. The four methods in
general deal with the allocation of system cost to steam. While the first uses the ratio
of process steam exergy to the summation of electricity and process steam exergies, to
multiply the cogeneration system cost, the second method employs steam system cost
with the exergy ratio remaining the same. The third and fourth methods use exergy
costing approach, called equality and extraction methods. The results of this comparative
study should provide guidelines for cogeneration operators in the selection of appropriate
steam costing method.
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M3 1 i'iagamomﬂuﬁuamms:uunamwuuunanu1amﬁ‘lﬁ'muumtﬂméamaa (4]

Case name ENO DOL i i £ D AFC BYK
Cogeneration capacity, (kWe) 900 1,700 1,800 2,600 7,400
Steam mass flow rate, (kg/hr) 12,400 12,000 14,000 20,000 70,000
Operating hour, (hr/yr) 8,640 6,000 7,200 8,640 8,640
Fuel consumption, (1/hr) 1,139 1,102 1,335 1,908 6,428
Generated electricity, (kWh/yr) 7,445,170 | 9,064,430 | 12,873,563 | 22,068,966 | 63,932,347
Inlet steam pressure, (bar) 59.6 59.6 125.0 125.0 59.6
Inlet steam temperature, (C) 441 441 520 520 441
Outlet steam pressure (bar) 14.0 1.5 7.0 7.0 5.0
Total installed cost (Baht)* 44,815,196 | 66,641,792 | 69,369,979 | 83,034,000 | 222,156,147

- &) § WV - - [ ) (™
CRuL srpnanutusint a1 2536 delaanmadsuiinsian a1 2534 awdns 4.8% Aol

P W a a |1 v oW % d9va € & 1 a
138N 2 ﬂﬂﬁﬂﬂ'ﬂlLﬂﬂ“ﬂuﬂti’lﬂ‘ﬁ:u‘ﬂﬂﬂﬂ'i'JNIala‘mJﬂﬂ“u‘laﬂqﬂiﬁanlﬂﬂlﬂulﬁﬂLWﬂﬂ [4]

Case name RBI TPK SHT PNP HSP SCP
Cogeneration capacity, (kWe) 800 1,200 2,700 8,200 8,300 15,100
Steam mass flow rate, (kg/hr) 10,000 20,000 31,000 80,000 90,000 138,000
Operating hour, (hr/yr) 7,000 8,640 7,920 8,520 8,640 7,920
Fuel consumption, (kg/hr) 3,134 6,119 9,716 26,045 28,208 44,928
Generated electricity, (kWh/yr) | 5,498,822 | 10,134,897 | 21,020,548| 69,057,751| 71,602,210| 119,579,869
Inlet steam pressure, (bar) 59.6 42.4 59.6 125.0 59.6 125.0
Inlet steam temperature, (C) 441 399 441 520 441 520
Outlet steam pressure (bar) 11.0 12.0 9.0 15.0 1.5 12.0
Total installed cost (Baht)* | 52,608,762 | 66,250,796 | 117,406,501 | 304,978,153 | 308,388,387| 540,294,178
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System | Steam |Op.hour | Boiler steam Process | Eh/ Ls(1), | Ls(2a) | Eh/Eb | Ls(2b),
Case | Capacity | flow rate conditions steam [(Eh+Ee) | Ls(3) Ls(4)
kWe | ton/hr | hrs/yr bar E DTESSUYE B/ton | B/ton B/ton
ar

RBI | 800 10 7,000 59.6 441 1 0.702 |346.308 | 322.987 | 0.534 | 2459713
41712 | 225.434 r 171.681

TPK | 1,200 20 8,640 424 399 12 0.761 {319.412 | 306.511 | 0.580 | 233.445
222.939 | 213.935 162.937

SHT | 2,700 3l 7,920 59.6 441 9 0.678 [301.874 | 287.534 | 0.522 | 221.156
210.698 | 200.689 154:360

PNP | 8,200 80 8,520 125 520 15 0.653 |296.363 | 283.438 | 0.488 | 212.602
206.852 {197.830 147.691

HSP | 8,300 9 8,640 59.6 441 1.5 0.657 |282.808 | 271.293 | 0.509 | 210.338
197.391 | 189.354 146.809

SCP | 15,100 138 7,920 125 520 12 0.631 [291.286 | 277.503 | 0.477 | 209.957
203.308 | 193.688 146.543

g Ausikaasiunualawrednlumsssenaudin Mnetewudusiouniewd (levelized annual

cost) ﬁ"uaﬂsh@Lflumﬁd%'mfluﬂﬁﬁﬂ’u (2536)
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System | Steam | Op.hour Boiler steam

Process | Eh/ Ls(1), | Ls(2a) | Eh/Eb | Ls(2b),

Case | Capacity | flow rate conditions steam [(Eh+Ee) | Ls(3) Ls(4)
kWe | ton/hr | hrs/yr bar C prebs;]re B/ton | B/ton B/ton

ENO| 900 12.4 8,640 59.6 4] 14 0.732 [ 419.186 | 392.106 | 0.549 |293.992
_ 292.578 | 273.677 205.197

DOL| 1,700 12 6,000 59.6 441 s 0.568 |375.868 |329.418 | 0.509 | 295.538
262.343 | 229.93 206.276

TTL] 1,800 14 7,200 12§ 520 7 0.577 ]369.370 | 334.228 | 0.446 | 258.057
257.808 | 233.280 180.115

AFC| 2,600 2 8,640 125 520 7 0.562 [352.985 | 326.036 | 0.446 | 251.731
246.372 | 227.562 175.700

BYK| 7,400 70 8,640 59.6 44] § 0.577 [ 343.869 |324.050 | 0.478 | 253.995
' 240.009 | 226.176 177.280
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System Steam Ls(1), Ls(3) | Ls(2a) |Ls(2b),Ls(4)
Capacity flow rate

kWe ton/hr B/ton B/ton B/ton
7,400 70 343.869 324.05 253.995
240.009 226.176 177.28

6,000 56 345.26 324.745 254.54
240.98 226.662 | 177.661

5,000 47 345.866 325.049 | 254.778

241.403 226.873 | 177.827

4,000 37 347.909 326.07 | 255.579

242 .829 227.586 | 178.386

3,000 28 349.779 327.005 [ 256.311

244.134 228.239| 178.897

2,000 18 356.152 330.192 | 258.809
248.582 230.463 180.64

1,500 14 358.816 331.524 | 259.853

250.442 231.393 | 181.369

1,000 9 370.211 337.221 | 264.319

258.395 235.369 | 184.486

500 4.7 394.323 349.277| 273.769

215,225 243.784 | 191.082

Uy i"uauﬁuﬁﬂmmﬁ'uqu'lﬂmiaﬁ'u'lumwd‘i:nauﬁw Favumdusnisuinged
(levelized annual cost) Fuavsnstiusiududiaglu (2536)
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Op.hour Ls(1), Ls(2) Ls(2a) Ls(2b), Ls(4)
hrs/yr B/ton B/ton B/ton
8,640 - 343.869 324.05 253.995

240.009 226.176 177.28
7,920 347.473 325.852 255.408
242.525 227.434 178.266
7,200 351.797 328.014 257.102
245.543 228.943 179.449
6,480 357.082 330.657 259.174
249.231 230.787 180.895
6,000 361.31 332.771 260.831
252.183 232.263 182.051

LY - v ’; [ W oy [
weing Ausviuanenmauulaseiulumnaszneudn  Fuavuwdusiivuiiaed
(levelized annual cost) i"na'niimﬂuﬁﬁd%’mﬂuﬂﬁﬁﬁu (2536)
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Process steam | Capacity Ls(1),Ls(3)| Ls(2a) |[Ls(2b),Ls(4)
pressure

bar kWe B/ton B/ton B/ton

3 8,600 316.25 295.686 | 232.835
220.732 | 206.379 162.511

5 7,400 343.869 324.05 253.995
240.009 | 226.176 177.28

6 7,000 353.624 | 334.134 | 260.996

246.818 | 233.215 182.167

7 6,700 362.212 | 342.939 | 266.542

252.812 239.36 186.038

8 6,300 368.622 349.956 | 270.601
257.286 | 244.258 188.871

9 6,000 374.661 356.418 274.139
261.501 248.768 191.34

10 5,800 380.537 362.506 271.39

265.602 | 253.017 193.609

NN ﬁ"na'uﬁuﬁmmﬁuqu'laﬁﬁnﬁ'u'lumsNd‘i:nauﬁ"m Fuavumusnisuwinged
(levelized annual cost) AnavanadiuaritFududiagiu (2536)

v A

AN 8 miiiuuﬂ'iuaaﬁuquﬂmlaﬁ'\ﬁun11:1aﬁ1ﬁu§n1ﬂ W IMdasImInAauaam
W 4 L o ) -‘
gundelinszuammsnaaianam

Boiler steam | Capacity | Ls(1),Ls(3) Ls(2a) |Ls(2b),Ls(4)
conditions
bar C kWe B/ton B/ton B/ton

42.4 399 6300 352.604 334.357 264.312
246.106 233.37 184.481
59.6 441 7400 343.869 324.05 253.995
240.009 226.176 177.28
80 520 9100 340.276 318.204 | 243.405
237.501 222.096 169.889
125 520 9800 327.5 304.622 236.67
228.584 212.616 165.188

" v
Y mlawuﬂﬂmmﬁuqu'lnmnnnu'lummdi:nauﬁ'lu aunvuuiusniteurinaed
(levelized annual cost) ﬁ"ua'uaiwﬁun'wﬁﬂ%’uﬂuﬂﬂa%;ﬁ'u (2536)
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Process steam Steam Ls(1), Ls(3) | Ls(2a) |Ls(2b), Ls(4)
pressure flow rate
bar ton/hr B/ton B/ton B/ton
3 60 316.942 296.032 233.108
221.215 206.621 162.701
5 70 343.869 324.05 253.995
240.009 226.176 177.28
8 82 368.136 349.713 270.413
256.947 244.088 188.74
10 90 379.383 361.929 276.948
264.797 252.614 193.301
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