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Combined heat and power dispatching model based on gas-steam combined cycle unit
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Abstract: In order to solve the problem of air pollution in the northern cities during the winter heating period, China is
actively developing the “coal to gas” technology, which changes the combined heat and power units to gas-steam
combined cycle units. In this paper, the mathematical model of the gas-steam combined cycle unit is established. With the
minimum system cost as the objective function, a thermal power combined system scheduling model including the
gas-steam combined cycle units is constructed. The gas-steam combined cycle units are used to replace the combined heat
and power units. After that, the influence of the proportion changes of gas-steam combined cycle units and different wind
power penetration rates on the wind power abandonment rate is analyzed. The example analysis shows that replacing the
combined heat and power units with the gas-steam combined cycle units increases the operating cost, but it is beneficial to
the power grid to absorb the abandoned wind power.
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Fig. 1 Heat system diagram of waste heat boiler

combined cycle without replenishment
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Fig. 2 Thermal power scheduling results for heat exchange
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Fig. 3 Electrical power dispatch results of scene 1
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Fig. 4 Electrical power dispatch results of scene 2
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Fig. 5 Electrical power dispatch results of scene 3
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Table 1 System’s abandoned wind rate and total

cost of three scenes
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Table A1 Gas-steam combined cycle thermal power unit consumption characteristics fitting coefficient
L4 a, a, a, b c d
#1 0.011 32 148.066 32 331472 1.238 51 -25.7103 0.073 972
#2 0.012 24 147.352 34 322219 1.23223 -26.403 2 0.072 280
#3 0.010 77 147.875 44 3.32567 1.22122 249352 0.074 631
#4 0.011 32 149.097 43 324322 1.228 78 -25.409 8 0.072 125
#5 0.01125 148.098 76 3.122 12 1.203 77 -25.020 8 0.072 098
#6 0.010 54 150.215 35 3.287 76 1.230 92 —26.437 2 0.071 332
R A2 MS-FRBKASERARREINAIZTSH
Table A2 Gas-steam combined cycle combined heat and power unit operation parameters
w4 LRI R PR R AVREHLRIIR AVERNURDIE IR R IR
i th th FEMW LMW FRMW ERMW
#1 10 50 20+0.08D 35-0.02D 35 65
#2 10 50 20+0.08D 35-0.02D 35 65
#3 10 50 20+0.08D 35-0.02D 35 65
#4 10 50 20+0.08D 35-0.02D 35 65
#5 10 50 20+0.08D 35-0.02D 35 65
#6 10 50 20+0.08D 35-0.02D 35 65
R A3 EHMABHNEAFSFEUSRE
Table A3 Conventional thermal power unit consumption characteristics fitting factor
Bl € e e, e, e, e
#1 3.000 0.419 5 0.123 0.000 8 0.000 17 0.000 29
#2 3.235 0.403 2 0.112 0.000 6 0.000 21 0.000 31
#3 3.136 0.3833 0.136 0.000 7 0.000 15 0.000 25
#4 2.987 04125 0.120 0.000 9 0.000 18 0.000 22
#5 3.164 04210 0.125 0.000 8 0.000 16 0.000 33
#6 3212 0.417 6 0.119 0.000 7 0.000 17 0.000 27

&M XEHNEREFIEUERE

Table A4 Thermal power unit consumption characteristics fitting coefficient

DlE b b, b,
#1 0.001 1 0.276 2 4.936 9
#8 0.000 8 0.260 8 5.9653
#9 0.000 4 0.3200 3.000 0

#10 0.001 5 0.310 1 2.3298
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Table A5 Conventional thermal power unit and thermal power unit operating parameters
pIEES PERAITF IR b PeBAh LR #h BIE /MW Dy ER/MW TS ) A/(MW/h)
#1 20 120 65+0.18D 100-0.05D 30
#2 20 120 65+0.18D 100-0.05D 30
#3 20 120 65+0.18D 100-0.05D 30
#4 20 120 65+0.18D 100-0.05D 30
#5 20 120 65+0.18D 100-0.05D 30
#6 20 120 65+0.18D 100-0.05D 30
#7 — — 80 135 30
#8 — — 110 200 40
#9 — — 160 300 60
#10 — — 60 100 30
F A6 PG ERBIFSE
Table A6 Each heat exchange station is equipped with electric boiler capacity
MW
AR )2
#h1 #h2 #h3 #h4 #h5 #h6
3 4 6 5 8 10
RAT BEERHA. BAGRKETN LA
Table A7 Heat, electricity load and wind power forecast output for each period
- ] 1 ST (GI/h) ] 2 ST (GI/h) EC LRt =R
#hl #h2 #h3 #h4 #h5 #h6 MW MW
1 67.43 75.31 68.98 141.88 150.03 131.97 963.54 228.15
2 75.82 75.27 57.94 130.39 155.63 133.68 941.29 219.83
3 66.83 68.17 71.41 149.28 136.45 127.87 970.22 215.54
4 60.32 67.22 75.78 131.33 134.26 141.47 946.07 211.67
5 67.79 63.25 51.93 128.37 126.18 111.25 947.07 207.51
6 65.29 57.23 52.64 123.11 116.02 111.20 1015.51 107.83
7 63.62 66.21 52.89 122.95 137.87 119.28 985.59 90.36
8 64.06 57.68 53.31 114.11 125.72 112.15 1 050.88 40.07
9 51.59 52.10 51.22 105.34 100.33 103.58 1055.12 80.79
10 48.75 41.31 40.53 84.22 97.33 78.84 1071.35 94.89
11 38.72 42.62 4222 76.33 86.64 82.81 1135.68 136.61
12 45.58 38.20 41.31 84.55 81.76 85.07 1152.58 87.33
13 46.02 42.46 41.11 93.21 85.94 79.13 1245.08 56.56
14 50.92 46.93 46.22 100.22 95.66 94.88 1145.56 56.07
15 48.29 42.33 40.42 95.12 87.91 80.51 1199.71 62.52
16 46.73 42.60 49.22 100.22 83.19 93.22 1069.17 106.16
17 46.28 40.22 42.88 97.33 85.64 76.49 1146.88 110.84
18 52.51 57.32 50.12 91.21 112.25 116.21 1139.00 114.86
19 53.38 51.76 64.33 110.72 116.21 113.52 1177.32 172.97
20 56.16 63.73 69.32 123.33 125.85 131.56 1175.46 198.34
21 64.09 58.49 54.11 121.38 118.12 113.25 997.21 193.50
22 66.92 55.23 61.11 126.22 117.11 122.89 961.18 201.53
23 60.15 69.04 73.21 138.22 135.13 133.18 925.93 210.64
24 67.23 76.36 63.22 132.11 157.59 122.80 982.25 248.47
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