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Abstract — This study suggests the effectiveness of an “extended” power system evaluation methodology

based on LCA and energy input-output analysis techniques. This “extended” evaluation methodology is
designed to incorporate total energy system costs through fuel cycle and external costs, including CO, abate-
ment cost. As an empirical test, we applied the methodology to orimulsion-fired power generation technology
and found that orimulsion could be considered as an aftractive base-load power generation fuel in terms of

economic and environmental aspects, compared to conventional coal-fired power plant.
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Fig. 1. Energy flow of the total system.
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Table 1. Carbon emission coefficient of energy sources.

F o2 o o9 e E ehdA g shheE

A () ARS]
A F g-CkWh - - 122.21
A g-C/Mecal 108.02 980  105.86
A § g-C/Mcal 83.74 990  82.90
A7k~ g-C/Mcal 66.15 99.5 65.82
229Ad ¢ C/Mcal - - 76.60%*
Al &l E g C/gAHE - - 0.09569

X AA AT, 7R B S7RTA 2
2 -l |47, 1994

**Mitsubishi corp. overview of a coal-fired/orimulsion-
fired power plant and construction costs, 1995
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Table 2. Input energy for main material (Mcal/ton).
T ¥ AFHawhE) A" AN fF Ak
=X 6] 362.78(145.11) 60494 181.63 0

Z @) 712.98(285.19) 1,204.88 535.09
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AME  178.01( 71.20) 790.64 39.70
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Table 3. Properties of considered power plant®.

T+ B 2294 3 Ael 2
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AU A (%) 4.13 5.54
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Table 4. Input energy of power plant system?® (life
time: 30 years).
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AF 1176567 249 108,807.1 285
8 4 3367200 714 2462850 64.6

AuiA] A 8.404.6 1.8 144756 38
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F ibdA| 28] BE E9lofuz]e] dj i) -8l
Aleld, 2% 60~70% AE7F $45-Eo FUEE A
o2 we{goh =3 vbd EHEY M) P83 o
UAE Heislzo] Agog v, 1 o)ele] AF A
i) MutslEo] 42 Elolz]E g3l R
2o ebgdel gadu)e] A Ak AkeE E4E)
Hom, Auke mhEF, eejHAe] A4 250EF A
whg 7]l E dl9dY) wiEel eEdAe) £ F
JolAR7t T2 Aoz vielgel. siAlet, A ZHE
Aol a3t ouiR|e] AP} Asr) wlFell Aduel
Wzl9] ghe Aebslee] whe Aoz vehygc)

FEHEY) S8R AR Fake A
2w, v Al sl eajdAdo] TF2HE
U Al wjs] A5sA SEAR 27 WE
o] $519) $8oA7) BA et e=ldA 3
Hbd el F F]oluiR|7} Heksle) vie] o @,
o] A= oA pfoiR|7} Aule] oLz E
o} 953 W) wiFo|d}. g, Aol x]q) MY
7} FleA]g] B2 THHE oz wAd
g5o] Z3lei o) ule} wlmsbH Table 59} 7o),

AR eRini) Aol HARS FyoiAz 2
RS o 2P AR|4R|y] Fow, dbdds

Table 5. Input-output energy ratio.
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Table 6. Carbon emission factor (life time: 30 years).

7 = 9 oA MekslE
AvjHEE g.C/kWh 0.28 0.44
45 E g C/kWh 9.64 7.67
9 =2  gCkWh 174.22 245.24
A 2EIAA g-C/kWh 184.14 253.34
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Table 7. Generation cost for environmental protection equipments ($/kWh).

188 ¥ n =g SCR% =g FGD%F Z3F EF EF

[e]

D) —mm A a sema g9 s99d A9 soud A9
50 0.0538 0.0577 0.0550 0.0588 0.0611 0.0636 0.0623 0.0648
60 0.0484 0.0505 0.0493 0.0515 0.0545 0.0555 0.0554 0.0565
70 0.0445 0.0454 0.0453 0.0462 0.0497 0.0497 0.0506 0.0506
80 0.0415 0.0416 0.0422 0.0423 0.0462 0.0454 0.0469 0.0461
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Table 8. Emission with environmental protection
equipment (ppm)®.
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T+ &
SOx NOx SOx  NOx
9] AR 120 350 120 250
AN v R 400 500 2000 230
AL FF 40 100 100 46
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Table 9. The example of environmental cost estima-
tion®.

+ SOx NOx Co,
A9 se]--($2) 2,890 4,538 18.1
S AL ($/E) 4336 7.730 21.0
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Table 10. Generation cost with variation of regulation ($/kWh) (considering the environmental cost of SOx,

NOx)®.

&7 o8& 50% o4& 60% o|-8-& 70% o]-8-& 80%

AR eema Aet eEgd  Aw eEldd Aw eedd Ao
0% 0.0623 0.0648 0.0554 0.0565 0.0506 0.0506 0.0469 0.0461
10% 0.0623 0.0648 0.0554 0.0565 0.0506 0.0506 0.0469 0.0461
20% 0.0623 0.0648 0.0555 0.0565 0.0506 0.0506 0.0469 0.0461
30% 0.0624 0.0648 0.0556 0.0565 0.0507 0.0506 0.0470 0.0461
40% 0.0625 0.0648 0.0557 0.0565 0.0508 0.0506 0.0472 0.0461
50% 0.0626 0.0648 0.0558 0.0565 0.0509 0.0506 0.0473 0.0461
60% 0.0628 0.0648 0.0559 0.0565 0.0511 0.0506 0.0474 0.0461
T0% 0.0629 0.0648 0.0560 0.0565 0.0512 0.0506 0.0475 0.0462
80% 0.0630 0.0653 0.0562 0.0570 0.0513 0.0510 0.0476 0.0466
90% 0.0633 0.0658 0.0565 0.0575 0.0516 0.0515 0.0480 0.0471

Table 11. Generation cost with variation of regulation ($/kWh) (considering the environmental cost of SOx,

NOx, CO,).
27 o4& 50% o8& 60% o8& 70% o}-&-& 80%
A eemA Mm eE®A Mw edwA AHw eddA A

0% 0.0623 0.0694 0.0554 0.0611 0.0506 0.0552 0.0469 0.0507
10% 0.0623 0.0694 0.0554 0.0611 0.0506 0.0552 0.0469 0.0507
20% 0.0623 0.0694 0.0555 0.0611 0.0506 0.0552 0.0469 0.0507
30% 0.0624 0.0694 0.0556 0.0611 0.0507 0.0552 0.0470 0.0507
40% 0.0625 0.06%4 0.0557 0.0611 0.0508 0.0552 0.0472 0.0507
50% 0.0626 0.0694 0.0558 0.0611 0.0509 0.0552 0.0473 0.0507
60% 0.0628 0.0694 0.0559 0.0611 0.0511 0.0552 0.0474 0.0507
70% 0.0629 0.0694 0.0560 0.0611 0.0512 0.0552 0.0475 0.0508
80% 0.0630 0.0699 0.0562 0.0616 0.0513 0.0556 0.0476 0.0512
90% 0.0633 0.0704 0.0565 0.0621 0.0516 0.0561 0.0480 0.0517

Y3 su]8- v A BAH] o) AT 72N w5 X (Tellus 7} vkl 2ele] @ 3lo] =2 (Ontario Hydro)
Abe] 2)Fel] gsle] ZARRE AF @) 71He] ABEAM AT, FAHARILLE vl 117} AR o] AT B RA

7.
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