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Abstract — A district energy system plays very important role to fulfill energy demand in regional areas. This paper
diagnoses the necessity of the development of an economical operation system for the efficient operation of district
energy plants located in Seoul. The effect anticipated from the use of the optimal operation system is also analyzed. Pro-
duction and consumption of energy are estimated for the district energy plants at Suseo, Bundang, Ilwon and Jungang
located near in Seoul, Korea. The problem is formulated as a mixed integer linear programming(MILP) problem where
the objective is to minimize the overall cost of the district energy system. From the results of numerical simulations we
can see that the energy efficiency is improved due to the application of the optimal operation conditions provided by the
proposed model.
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Fig. 1. Diagram of heat supply network near Suseo.

Table 1. Heat supply cost per hour(won/Gcal)

Date Bundang to Suseo  Ilwon to Suseo  Jungang to Suseo
2007.3.22 31,973 36,000 34,613
2007.4.01 30,395 36,000 28,289
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Table 2. Heat product and demand of regions in Case 1(Gcal)
Time S* region B region I region J region
(h) Product Demand Product Demand Product Demand Product Demand
1 260 348 300 234 40 19 200 186
2 260 327 300 249 40 18 200 182
3 260 326 300 260 40 17 200 180
4 260 326 300 262 40 19 200 182
5 260 353 300 245 40 20 200 179
6 260 355 300 240 40 19 200 177
7 260 356 300 235 40 17 200 171
8 260 356 300 234 40 20 200 172
9 260 359 300 248 40 18 200 168
10 260 340 300 252 40 18 200 165
11 260 304 300 261 40 17 200 139
12 260 280 300 262 40 17 200 156
13 260 285 300 257 40 19 200 195
14 260 285 300 248 40 17 200 166
15 260 276 300 247 40 17 200 175
16 260 265 300 251 40 18 200 178
17 260 274 300 253 40 17 200 172
18 260 273 300 244 40 17 200 171
19 260 289 300 228 40 19 200 177
20 260 315 300 226 40 18 200 179
21 260 314 300 238 40 18 200 182
22 260 324 300 243 40 19 200 180
23 260 324 300 236 40 19 200 182
24 260 318 300 235 40 19 200 186

*B: Bundang, S: Suseo, I: Ilwon, J: Jungang
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Table 3. Heat product and demand of regions in Case 2(Gcal)

Time S* region B region I region J region
(h) Product Demand Product Demand Product Demand Product Demand
1 260 348 300 234 40 19 250 186
2 260 327 300 249 40 18 250 182
3 260 326 300 260 40 17 250 180
4 260 326 300 262 40 19 250 182
5 260 353 300 245 40 20 250 179
6 260 355 300 240 40 19 250 177
7 260 356 300 235 40 17 250 171
8 260 356 300 234 40 20 250 172
9 260 359 300 248 40 18 250 168
10 260 340 300 252 40 18 250 165
11 260 304 300 261 40 17 250 139
12 260 280 300 262 40 17 250 156
13 260 285 300 257 40 19 250 195
14 260 285 300 248 40 17 250 166
15 260 276 300 247 40 17 250 175
16 260 265 300 251 40 18 250 178
17 260 274 300 253 40 17 250 172
18 260 273 300 244 40 17 250 171
19 260 289 300 228 40 19 250 177
20 260 315 300 226 40 18 250 179
21 260 314 300 238 40 18 250 182
22 260 324 300 243 40 19 250 180
23 260 324 300 236 40 19 250 182
24 260 318 300 235 40 19 250 186

*B: Bundang, S: Suseo, I: Ilwon, J: Jungang

Table 4. Heat product and demand of regions in Case 3(Gcal)

Time S* region B region 1 region J region
(h) Product Demand Product Demand Product Demand Product Demand
1 400 348 200 234 10 19 100 186
2 400 327 200 249 10 18 100 182
3 400 326 200 260 10 17 100 180
4 400 326 200 262 10 19 100 182
5 400 353 200 245 10 20 100 179
6 400 355 200 240 10 19 100 177
7 400 356 200 235 10 17 100 171
8 400 356 200 234 10 20 100 172
9 400 359 200 248 10 18 100 168
10 400 340 200 252 10 18 100 165
11 400 304 200 261 10 17 100 139
12 400 280 200 262 10 17 100 156
13 400 285 200 257 10 19 100 195
14 400 285 200 248 10 17 100 166
15 400 276 200 247 10 17 100 175
16 400 265 200 251 10 18 100 178
17 400 274 200 253 10 17 100 172
18 400 273 200 244 10 17 100 171
19 400 289 200 228 10 19 100 177
20 400 315 200 226 10 18 100 179
21 400 314 200 238 10 18 100 182
22 400 324 200 243 10 19 100 180
23 400 324 200 236 10 19 100 182
24 400 318 200 235 10 19 100 186

“B: Bundang, S: Suseo, I: Ilwon, J: Jungang
Korean Chem. Eng. Res., Vol. 47, No. 1, February, 2009
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Table 5. Optimum heat supply in Case 1(Gcal)
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Table 6. Optimum heat supply in Case 2(Gcal)

Time Optimum heat supply Time Optimum heat supply
(h) B'>S -8 18 (h) B'>S -8 1S
1 66 8 14 1 24 0 64
2 50.9996 0 16.0004 2 0.0001 0 66.9999
3 39.9998 6.0009 19.9994 3 0.0379 0.0004 65.9618
4 38 10 18 4 0.0003 0.0001 65.9996
5 55 17 21 5 22.0228 0.0004 70.9769
6 59.9998 12.001 22.9993 6 22.03 0.0004 72.9697
7 64.9994 2.0012 28.9994 7 17 0 79
8 65.9997 2.0005 27.9998 8 18.003 0.0001 77.9969
9 51.9997 15.0012 31.9991 9 17 0 82
10 47.9991 0.0001 32.0009 10 0.0001 0 79.9999
11 38.9883 0.0036 5.0082 11 0 0 44
12 20 0 0 12 0 0 20
13 25 0 0 13 0 0 25
14 25 0 0 14 0 0 25
15 16 0 0 15 0.0015 0 15.9986
16 5 0 0 16 0 0 5
17 14 0 0 17 0.0006 0 13.9995
18 12.9979 0.0004 0.0019 18 0.0001 0 13
19 28.9978 0.0015 0.0008 19 0 0 29
20 55 0 0 20 0 0 55
21 53.9994 0.0001 0.0005 21 0.0001 0 53.9999
22 57 0 7 22 0 0 64
23 63.9852 0.006 0.0095 23 0 0 64
24 58 0 0 24 0.007 0.0001 57.9929

*B: Bundang, S: Suseo, I: Ilwon, J: Jungang

350

300

Optimization

- = =QOperation scenario 1

250

200

150

Cost(x10,000won)

100

50

0

1234 56 78 910111213141516 1718 19 2021 22 23 24
Time(h)

Fig. 2. Heat supply cost of optimization and operation scenario 1 in
Case 1.
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Table 7. Optimum heat supply in Case 3(Geal)

Time Optimum heat supply

(h) S Sl S—J

1 0 0 52

2 0.0034 0.0001 72.9966
3 0.0001 0 73.9999
4 0.0001 0.0011 73.9995
5 0 0 47

6 0 0 45

7 0 0 44

8 0 0 44

9 0.0001 0.0009 40.9997
10 0 0 60

11 57.002 0.0001 38.9979
12 61.992 2.0232 55.9854
13 20 0 95

14 48 1 66

15 47 2 75

16 51 6 78

17 53 1 72
18 44.0003 6.9999 71.0001
19 27.9999 6.0001 77
20 5.9999 0.0016 78.9986
21 4.002 0.0013 81.9968
22 0.0001 0.0011 76.0001
23 0 0.0007 75.9998
24 0.003 0 81.9972

*B: Bundang, S: Suseo, I: Ilwon, J: Jungang
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Fig. 4. Heat supply cost of optimization and operation scenario 3 in
Case 3.
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Fig. 5. Optimum and simulated heat supply from Bundang to Suseo
in Case 2(B: Bundang, S: Suseo).
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Fig. 6. Optimum and simulated heat supply from Jungang to Suseo
in Case 2(J: Jungang, S: Suseo).
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Foto] 2} X9 A o =S APV Al e A d
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T Hgo] HAvt HEE ARt on HA gl Ailel= MILP
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B : region of Bundang [-]
I : region of Ilwon [-]
J : region of Jungang [-]
S : region of Suseo [-]
PB  : heat product in Bundang [Gcal]
PI : heat product in IIwon [Gcal]
PJ : heat product in Jungang [Gcal]
PS : heat product in Suseo [Geal]
DB : heat demand in Bundang [Gcal]
DI : heat demand in [lwon [Geal]
DJ  : heat demand in Jungang [Gcal]
DS  : heat demand in Suseo [Gcal]
QBS : heat supply from Bundang to Suseo [Gcal]
QIS  : heat supply from Ilwon to Suseo [Gcal]
QJS : heat supply from Jungang to Suseo [Gcal]
QSB : heat supply from Suseo to Bundang [Gcal]
slstast H47H 1= 20094 2%

upeg - o -

B3} A 182 ] walol

A5 - 0 - gy

QSI  : heat supply from Suseo to Ilwon [Geal]

QSJ  : heat supply from Suseo to Jungang [Gcal]

cb : heat supply cost from Bundang to Suseo [Won/Gceal]
ci : heat supply cost from Ilwon to Suseo [Won/Gcal]

cj : heat supply cost from Jungang to Suseo [Won/Gcal]
csl  : heat supply cost from Suseo to Bundang [Won/Gcal]
cs2  : heat supply cost from Suseo to Ilwon [Won/Gcal]
cs3  : heat supply cost from Suseo to Jungang [ Won/Gcal]
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