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Jong Beom Lee and Seung Heon Lyu*
Department of Electrical Engineering, Wonkwang University,
*Faculty of Electronic Engineering, Youngdong University

2

gul

2

L

Ar
2L
i
ofd

iy

F ¥
= A
2

of

& A3 AL afe] Awgpd sl WAl 2F9] REAUdAdEEol AR dAE] del
F3 F2 e F3 AT AR, Radu gl HHFRA U 7k A A
7i& Adsidch HAAFAR ) SAAYFHLE F7HHQl FulelA F dwnlrth Havh
X =718kl 3L, 01§ F sy glsted ADEEA, A, BA) 2 FFREE A, Fd, 4F)
zhzke) Al Beold Aty 2] Fu g $AALE ik £ A7ETe A}

o) ofejo] ZUE| L3 AF g ST Tate] Z FF PFILAA 2welA F7HA Fwdel o] 7=
7lol=abel g A AlEg ou R A el r] o] B o] 7t

Abstract— This paper describes the method decide to optimal sizing and operation scheduling of
total cogeneration system which is interconnected with cogeneration unit of utility and auxiliary ther-
mal devices of heating company. Optimal sizing and operation scheduling is established in order to
minimize the fuel cost under national viewpoint. Simulations are carried out to show the reliability
of method suggested by seasons and kinds. The simulated results can be effectively used as the

guideline of operation scheduling between the utility and the heating company.
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Fig. 1. Electricity and thermal energy flow in cogen-
eration system connected with auxiliary devices.
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Table 1. Fuel cost of each facility.

AP 2de] dgdrH(19959 % B B3sigds 71%)

-~ 47} LNG A8k 462,426,856 [kgid )3 wredsk 13,098[kcalkg])

- QA7 AR AHgEE 7,779,813 ()@ wdEF 9,075[kealll])

- LNG =317} 205.586 [#/kg]

- A% E8iok 15159 [/

~ LSWR %3157} 8279 [/ 4

- g uch 462,426,856 x 202512?/:’67;779,813 x 151.59

- A7k & dbdek: 2,644,856 [MWhA ]

- W7 3 duelE: 1,449,702 [Gealrd [(mode 1) + 32,559 [Gealid J(mode 4)
= 1,482,261 [Geal/]

- QPPN ] T Sy DONEOIILLEIIL o) - 6131(9)

=15,707.6 [ #/Geal]

BEzEyy d8 ) (19959 H -2} 7149)

- d7Zb A f AR 439,646 [IM]

- 47r LSWR A8k 67,587,154 [IMd]

- BEuolefdl g @zt & duvjak: 555,626 [Gealrd)
- A% =4ido): 150.06 [4/]

- LSWR x3istr): 7227 [91/1]

- HF o8 @i} 439,646 x 150.056;5-(;72,287,154x72.27 = 8,909.76[ 2/Geal]
Table 2. Basic input data.

AZ)43E 9 diah AR 3 S5 199595 A

o 53
-N: 8 - STGuax: 1,600 [Gcal]
- DELT: 3 [Hour] - STG.: 0 [Geal/h}
- EFF,: 0.645 [P. U] - STGy: 160 [Gcal/h)
-COE.: 0 [MW] - RAD;: 0 [Gceal/h]
-COEy: 600 [MW] RADy: 160 [Gceal/h)

-COTy: 40 [Geal/h] EFF,,: 0.98 [P. U]
-COTy: 430 [Gealh] EFF,;: 098 [P. U]
-CO,: 40 [Gcalh] AUX,: 0 [GealH]

-COy: 0.86X 540 [MW] + 430 [Gcal/h] - AUX,: 102 [Gal/H]

= 890 [Gcabh] (Mode 17]%)

Energy Engg. J (1998), Vol. 7(1)
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Table 3. Marginal generation cost (for 1995).

19953 % A7k AEAn]4

<% A > [21/kWh]
A2
g =% 1 2 3 4 5 6 7 8
3 o 2791 | 2707 | 2017 | 3749 | 3624 | 3737 | 3797 | 3248
F 9 2363 | 2382 | 2387 | 2417 | 2428 | 2403 | 2492 | 2434
I 1577 | 1418 | 1563 | 1629 | 1584 | 1568 | 17.23 | 1617
<3 A > [$3/kWh]
g m AR 1 2 3 4 5 6 7 8
B g 2746 | 2602 | 2758 | 3865 | 3847 | 3849 | 3763 | 31.99
F o 2394 | 2291 | 2321 | 2476 | 2507 | 2520 | 2489 | 2484
<& 27> [SLkWh]
A7)
i, 1 2 3 4 5 6 7 8
S 2879 | 2802 | 2942 | 3914 | 3767 | 3882 | 3870 | 33.47
F o 2552 | 2679 | 2605 | 2528 | 2555 | 2587 | 2465 | 2505
a 1357 | 1307 | 1291 | 1447 | 1353 | 1331 | 1479 | 12.83
Xy+ X5+ Xe=H, (11) dxa 2158 2AZ FA9 Hd FU 9 dfH=E

AHAFoE He]e] 7|3l FEEE HHA
o4
X5>0 (12)
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Table 4. Operation scheduling result in working days
of winter season.

°d§ul AZbl X1 X2 X3 X4 X5 X6 X7 E H
1 210178 0 0 0 102 0 210 280
2 22018 0 0 0 102 0 220 290
3 370218 0 0 0 102 0 370 320
38507 4 530298 0 0 O 102 O 530 400
9kl 5 540308 0 0 0 102 0 540 410
6 540298 0 0 0 102 0 540 400
7 520248 0 0 0 102 0 520 350
8 340178 0 0 0 102 0 340 280
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Table 5. Operation scheduling result in holidays of
winter season.

Table 6. Operation scheduling result in working days
of summer season.

"diﬂf A7 X1 X2 X3 X4 X5 X6 X7 E H ‘ﬂf‘;\ﬂ] A7k} X1 X2 X3 X4 X5 X6 X7 E H
1 210178 0 0 O 102 0 210 280 1 200 40 0 0 O 30 0 200 70
2 220168 0 0 0 102 0 220 270 2 19540 0 0 0 30 0 195 70
3 32018 0 0 0 102 0 320 290 3 23040 0 0 0 59 0 230 99
29395 4 330208 0 0 0 102 0 330 310 19,197 4 400 40 0 0 O 50 O 400 90
kel 5 330208 0 0 0 102 0 330 310 Eis| 5 405 40 0 0 O 40 0 405 80
6 320178 0 0 0 102 0 320 280 6 41540 0 0 O 25 0 415 65
7 315208 ¢ 0 0 102 0 315 310 7 320 40 0 0 0 55 0 320 95
§ 30018 0 0 0 102 0 300 290 8 230 40 0 0 0 S50 0 230 90
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Fig. 2. Operation scheduling results in working days
of winter season.
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Fig. 3. Operation scheduling results in holidays of
winter season.
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Fig. 4. Operation scheduling results in working days
of summer season.

Table 7. Operation scheduling result in working days
of spring and autumn season.

o‘é‘a‘ AZH) X1 X2 X3 X4 X5 X6 X7 E H
1 220148 0 0 0 102 0 220 250
2 210138 0 0 0 102 0 210 240
3 360168 0 0 0 102 0 360 270
29791 4 440158 0 0 0 102 0 440 260
i 5 440128 0 0 0 102 0 440 230
6 430118 0 0 0 102 0 430 220
7 400128 0 0 O 102 0 400 230
8 370138 0 0 0 102 0 370 240

Table 8. Operation scheduling result in holidays of
spring and autumn season.

E S
‘ﬂ.%‘:‘] AlZbe X1 X2 X3 X4 X5 X6 X7 E H

1 210113 0 0 0O 102 0 210 215
2 200103 0 0 0 102 0 200 205
3 200138 0 0 0 102 0 200 240
38507 4 220138 0 0 0 102 0 220 240
ukd 5 310108 0 0 0 102 0 310 210
6 270103 0 0 0 102 O 270 205
7 320138 0 0 O 102 0 320 240
8§ 260128 0 0 0 102 0 260 230

Alagle g e P, syl Hong fuighy
HAAR M= A Z o ou 2] & gAdsle] 43}
of FF%tch. 2ol oo} Yz vEudsl ¥
zbsled vh 2] o o|ul g g3 dA Fda A%
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Fig. 5. Operation scheduling results in working days
of spring and autumn season.
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Fig. 6. Operation scheduling results in holidays of
spring and autumn season.
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Table 9. Operation scheduling result in working days
of winter season.
(Output of auxiliary boiler is 200[Gcal/h].)

°‘i§‘5] A7 X1 X2 X3 X4 X5 X6 X7 E H
1 210 80 0 0 0 200 O 210 280
2 220 9% 0 0 0 200 O 220 290
3 370120 0 0 0 200 0 370 320
34,577 4 530200 0 O O 200 0 530 400
Ll 5 540210 0 0 O 200 0 540 410
6 540200 0 0 0 200 0 540 400
7 520150 0 O O 200 O 520 350
8 340 80 0 0O O 200 0 340 280

Table 10. Operation scheduling result in working
days of winter season.
(Output of auxiliary boiler is 300[Gcal/h].)

3
Az A7 X1 X2 X3 X4X5X6 X7 E H
1 210 0 40118 0 280 0 210 280
2 220 0 40235 029 0 220 290
3 370 20 20294 0 300 0 370 320
31,047 4 530 40 0 110 60 300 0 530 400
Eiadl S5 540 74 0 036300 0 540 409
6 540100 0 O 0 300 0 540 400
7 520 56 0 0 0 300 0 520 350
8 340 40 0 0 0 240 0 340 280

Table 11. Operation scheduling result in working
days of winter season.
(Output of auxiliary boiler is 350[Gcal/h).)

cigu) A2 X1 X2 X3 X4 X5 X6 X7 E H
1 210 40 0 0 0240 0 210 280
22038 2 5 0252 0 220 290
3370 0 40122 0320 0 370 320

4059 4 530 40 0 9210 350 0 530 400

Wl 5 540 40 0 3120350 0 540 410
6 540 40 0 010350 0 540 400
7 52040 0 0 0310 0 520 350
8 340 40 0 0 0240 0 340 280
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Table 12. Operation scheduling result in working
days of winter season.
(Output of auxiliary beiler is 400{Gcal/h].)

EY

"(i_%ﬁ] A7k X1 X2 X3X4X5 X6 X7 E H
1 210 40 0 0 0O 240 0 210 280
2 220 40 0 0 0 250 0 220 290
3 370 40 0 O O 280 0 370 320
30516 4 530 40 0 0 0 360 O 530 400
ukl S 540 40 0 0 O 370 0 540 410
6 540 40 0 0 O 360 0 540 400
7 520 40 0 0 O 310 0 520 350
8 340 40 0 0 0 240 0 340 280

Table 13. Operation scheduling result in working
days of winter season.
(Output of auxiliary boiler is 500[Gcal/h).)

K3 A7 X1 X2 X3 X4 X5 X6 X7 E H

Adgd
1 210 40 0 O O 240 0 210 280
2 220 40 0 0 0 250 0 220 290
3 370 40 0 0 O 280 0O 370 320
30,516 4 530 40 0 0O 0O 360 0 530 400
i) 5 540 40 0 0 O 370 0 540 410
6 540 40 0 0 O 360 0 540 400
7 520 40 0 0O 0O 310 0 520 350
8 340 40 0 0 0O 240 0 340 280
— 35,000
¥ 0.000
T 2s.000
L] 20.000 (31,047)
& 15.000 (30,520) (30,518) (30,516)
o 10,000

§.000
0

200 aoo 350 400 500
HEXRWUY MUW W

Fig. 7. Comparison of output of auxiliary boilers.
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<o) 7HA AAFE o 4 sl

ALBI1E

N 17 A A A A7 4 (N=8)
DELT : 7} A|7+7-7}2] Zo] (DELT=3[Hour])

i AT Aads

Xyt AIZEERE jellA] i pE A g 27]EY
[MW]

Xy AIZERAL jell A b Al A wlell A dul
we E3) d5sE TEH e daix)
[Geal/h]

Xy ARZEERY jell A Qi A A"l Sd2
2 Fsle goldA] [Gealh]

Xy D ARRRE e S el AR duA]
[Geal/h]

Xs D APEREZE el S zelA dn g el
AR-312 5= GolvAl [Gealh]

Xg AZERZE jel A mEp el duaite 5
3 Aisl2 T35 dolvA] [Gealh)

Xy D AIZREZE jellA] AHAIF o2 e Ay IR
o] IFAH [MW]

E, (AL ol A o] A7) HE) [MW]

H D AIZRERE jell A 2] o K-8} [Geal/h]

EFF., :94WiddAade] 33 $¢EE [P.U]

Foi :@¥iaiAlade] HF A8t} [#1/Geal]

Fu EERYY FF dsdr) [W/Geal)

Fy  : AZRP2E jollA19] 3bA A4 v]4 [9/MWh]

SELL : 3243 -F Al Hdh-3Al2.0) o ol
@7} [%/Geal]

COE. :<3pirdAlade] #A H7])E5H (MW]

COE, :g9wibdiAladle] 3 A7]28% [MW]

COT. : @ ddAA e 4 d&Y [Gealh]

COTy g gpd o] A d&3 [Gealh]

CO. PR HA £33 [Gealh)

COy @A 2R A E%EY [Gealh)
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STGuax: &9 22] & o2 A A2 [Geal]
STG, :&Fdze] diAF H4 £ 71
[Geal/h) 3
STGw : Hdze] Xz A 349 753
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