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Robust optimal dispatch of a power system based on a zero-sum game
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Abstract: With the large-scale accessing of various forms of distributed energy, its inherent random characteristics and
multi-player conflicts of interest bring new challenges to power system dispatching. By deeply integrating a robust
optimization and zero-sum game mechanism, taking nature and power dispatcher as game players, a robust dispatching
collaborative planning method for a power system considering the game between dispatcher and nature is proposed. There
is a problem of the uncertainty of the coupling between the traffic and energy properties of electric vehicles. To address
this electric vehicles are first clustered based on their traffic attributes. Then, based on power output and operating cost
characteristics of the vehicles, wind power and thermal power units, a min-max scheduling game model with multiple
energy forms is established and analysed by a two-stage relaxation algorithm. The simulation results confirm that the
proposed dispatching model and related strategies can realize the coordinated synergistic economic operation of wind,
electric vehicles and other energy without relying on accurate wind power prediction. This provides a new approach for
solving the power dispatching decision problem of uncertain distributed energy access.
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Fig. 1 Robust economic dispatch architecture
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Fig. 2 Solving flow chart of robust economic dispatch
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W 7)) bR
B M1 HH2  HA3 HH4  HEHS Hie M7 Hds HH9 VL4 10 . - S
1 15000 13500 10056  109.03 22954 159.98  129.99 11999 2961 21.20 166.05 -314.97 138.32
2 15000 13500 100.72 109.15 229.75  159.98  129.99  119.99  29.65 21.24 167.93  -243.41 139.88
3 15000 13500 100.86  109.29  229.95 159.98  129.99  119.99  29.69 21.27 195.07 -123.10 244.14
4 15000 13500 12466 12815 24297 159.99  129.99 119.99 3578 26.40 153.09 -0.04  127.40
5 15000 13500 167.72 16214 24299  159.99  130.00 120.00  46.83 35.70 129.60 0.04 162.24
6 15000 13500 189.43  179.36 24299  159.99  130.00 120.00  52.39 40.37 153.90 7455  127.92
7 15000 13500 20829 201.28 24299  159.99  130.00  120.00  52.60 40.43 15559  105.82  195.00
8 15000 13500 28827 251.26 24300 160.00 130.00 120.00  79.97 54.99 162.92 0.59 135.72
9 15589 18842  340.00 300.00 243.00 160.00 130.00  120.00  80.00 55.00 93.73 57.96 78.00
10  155.89 18846  340.00 30000 243.00 160.00 130.00 12000  80.00 55.00 75.43 17422 9438
11 15590 18846  340.00 300.00 243.00 160.00 130.00 12000  80.00 55.00 129.22 20442  107.64
12 15590 18846  340.00 30000 243.00 160.00 130.00 12000  80.00 55.00 15231 22534  126.88
13 15588  188.40  340.00 300.00 243.00 160.00 130.00 12000  80.00 55.00 18281 11691 22854
14 15000 135.00 334.66 29411 24300 160.00 130.00 12000  79.99 54.99 222.29 -0.04  185.12
15  150.00 135.00 280.91 251.62 24299 160.00 130.00 12000  75.78 54.98 26278  -88.07 21892
16 150.00 135.00 22418 207.08 24299 160.00 130.00 12000  61.32 47.85 311.86  -236.28 390.00
17 150.00 135.00 221.35 20460 24299 159.99  130.00 12000  60.59 47.26 25261  —244.40 210.08
18 150.00 135.00 22146  204.69 24299  159.99  130.00 12000  60.62 47.28 21667  -60.70  180.44
19 15000 135.00 22151 20472 24299 160.00 130.00 12000  60.63 47.28 19045 11342  158.60
20 15000 13500 221.62 204.80 24299  160.00 130.00 120.00  60.65 47.30 22007 27956 27534
21 15000 13500 22146 20449 24299  160.00 130.00 120.00  60.61 47.27 21574 23644  269.88
22 15000 13500 169.13  161.32 24299  159.99  130.00 120.00  47.20 36.02 276.34 0.01 345,54
23 15000 13500 101.07 11159  230.04 159.98 129.99 119.99  29.73 21.30 23282  -8951  193.96
24 15000 13500 100.76  109.19  229.81  159.98  129.99 11999  29.66 21.25 187.18  -188.82  234.00
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Table 3 Electric vehicle charge and discharge power

A AR I
MR 1 mm2 %3 SEma AES WS BT NS RO %? %? %? it
1 0.00 0.00 0.00 0.00 0.00 0.00 -30.34 -30.33 -66.27 -66.51 -61.37 -60.15 -314.97
2 0.00 0.00 0.00 0.00 0.00 0.00 -21.88 -21.88 -52.34 -52.56 -47.92 -46.83 -243.41
3 0.00 0.00 0.00 0.00 0.00 0.00 -16.87 -16.87 -22.59 -22.62 -22.13 -22.01 -123.10
4 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.04
5 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.04
6 0.00 0.00 0.00 0.00 0.00 0.00 14.38 7.72 17.50 8.88 17.29 8.78 74.55
7 0.00 0.00 0.00 0.00 0.00 0.00 23.38 -7.73 56.27 -8.89 51.58 -8.79 105.82
8 -66.19 -76.35 -36.34 0.00 0.00 0.00 0.00 37.77 0.00 74,03 0.00 67.68 0.59
9 34,99 38.84 21.36 -14.10 -22.37 -0.77 0.00 0.00 0.00 0.00 0.00 0.00 57.96
10 36.46 4311 18.48 28.03 36.31 11.82 0.00 0.00 0.00 0.00 0.00 0.00 174.22
11 40.35 48.34 18.99 35.71 45.64 15.39 0.00 0.00 0.00 0.00 0.00 0.00 204.42
12 43.20 51.35 20.92 40.38 50.30 19.18 0.00 0.00 0.00 0.00 0.00 0.00 225.34
13 21.49 21.96 17.16 19.82 20.49 15.99 0.00 0.00 0.00 0.00 0.00 0.00 116.91
14 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 0.00 -0.04
15 -44.13 0.00 0.00 -43.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -88.07
16 —66.18 -51.21 -0.27 —65.90 -52.46 -0.27 0.00 0.00 0.00 0.00 0.00 0.00 -236.28
17 0.00 -76.04 -31.21 0.00 -77.91 -31.77 -13.74 -13.73 0.00 0.00 0.00 0.00 -244.40
18 0.00 0.00 -29.09 0.00 0.00 —29.58 12.24 12.23 -13.18 -13.33 0.00 0.00 -60.70
19 0.00 0.00 0.00 0.00 0.00 0.00 13.69 13.68 27.02 27.15 15.96 15.92 113.42
20 0.00 0.00 0.00 0.00 0.00 0.00 26.36 26.35 59.62 59.86 54.26 53.11 279.56
21 0.00 0.00 0.00 0.00 0.00 0.00 2441 2441 49,53 49.71 44.60 43.77 236.44
22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
23 0.00 0.00 0.00 0.00 0.00 0.00 -13.94 -13.94 -15.41 -15.41 -15.41 -15.40 -89.51
24 0.00 0.00 0.00 0.00 0.00 0.00 -17.70 -17.69 -40.15 -40.32 -36.89 -36.08 -188.82
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Table 4 Electricity generation costs of different electric vehicle scales

FUBLIH Ve FIA L4 I
SERRAR 2.1108x108 SR 2.1043x108
K HLALH 1.9887x10° KL 1.9476%106
10000 - 60 000 .
HAIR S 8.7673%103 AR 43055104
A 1.1331x105 AL 1.1367x105
SERRAR 2.1078x108 SR 2.1072x108
K HLALEH 1.9768x10° KL 1.9432%106
20000 - 70000 .
HAR G 1.7054x104 AR 5.0225%104
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30000 - 80000 .
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SR 2.1061108 JSYSTN 2.1165x108
KL 1.9601x10° K HLHLH 1.9409%106
40 000 . 90 000 L
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50 000 . 100 000 .
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Fig. 7 Cost change curve of each output unit
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Table 5 Fixed wind power dispatch strategy
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4.4.3 BTSN

P AT 58 I 458 5 SR 5 0 s XUHE L s O
HRMGHEATRT L, K56 i e 20 5 1 B SR s 15 2
P, ABE I E KU 7 TN R L D 26, i S s
WZR 5 FioR.

HHEE 5 A%, 4R EUf E M) R L BF R FERT,
T 2RI R E A, B QST ST s
FrAThE, MRS Al T R AR RRIR R IR, X
HLH AT I R G BE . A S F— A “ 4
87 fifar, KSR Gr i B Sms AL SE L 4
GRS . BATREAN 1.98x10° %70, Hldliz
1T 1.9428x108 24 75, MK ZEIEIT N 3.7142x10*
Eo6, MHEIRZERAN 0 EIT.

iy ThEIMW

B WAL Blal2  HUALS B4 BUALS  MlAle  KLALT  MlAls  Kl4le  Kl4llo g% 22 ;@

1 150.00 135.00 98.58 107.51 227.23 160.00 130.00 120.00 29.07 20.76 172.90 -315.04 172.90
2 150.00 135.00 98.58 107.51 227.23 160.00 130.00 120.00 29.07 20.76 174.85 -242.99 174.85
3 150.00 135.00 98.58 107.51 227.23 160.00 130.00 120.00 29.07 20.76 203.45 -123.59 203.45
4 150.00 135.00 121.92 125.97 243.00 160.00 130.00 120.00 35.06 25.80 159.25 0.00 159.25
5 150.00 135.00 165.23 160.22 243.00 160.00 130.00 120.00 46.19 35.17 135.20 0.00 135.20
6 150.00 135.00 187.23 177.62 243.00 160.00 130.00 120.00 51.84 39.92 159.90 73.48 159.90
7 150.00 135.00 202.73 200.00 243.00 160.00 130.00 120.00 51.84 39.92 162.50 107.00 162.50
8 150.00 135.00 282.73 250.00 243.00 160.00 130.00 120.00 80.00 55.00 169.65 0.62 169.65
9 153.70 185.38 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 97.50 59.43 97.50
10 153.70 185.38 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 78.65 176.28 78.65
11 153.70 185.38 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 134.55 204.38 134.55
12 153.70 185.38 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 158.60 224.33 158.60
13 153.70 185.38 340.00 300.00 243.00 160.00 130.00 120.00 80.00 55.00 190.45 114.48 190.45
14 150.00 135.00 329.47 290.13 243.00 160.00 130.00 120.00 80.00 55.00 231.40 0.00 231.40
15 150.00 135.00 275.48 247.43 243.00 160.00 130.00 120.00 7451 55.00 273.65 -88.07 273.65
16 150.00 135.00 217.96 201.93 243.00 160.00 130.00 120.00 59.73 46.57 325.00 -235.20 325.00
17 150.00 135.00 217.52 201.58 243.00 160.00 130.00 120.00 59.62 46.47 262.60 -245.80 262.60
18 150.00 135.00 217.52 201.58 243.00 160.00 130.00 120.00 59.62 46.47 225.55 -60.75 225.55
19 150.00 135.00 217.52 201.58 243.00 160.00 130.00 120.00 59.62 46.47 198.25 114.55 198.25
20 150.00 135.00 217.52 201.58 243.00 160.00 130.00 120.00 59.62 46.47 229.45 279.35 229.45
21 150.00 135.00 217.52 201.58 243.00 160.00 130.00 120.00 59.62 46.47 224.90 235.90 224.90
22 150.00 135.00 163.41 158.15 243.00 160.00 130.00 120.00 45.72 34.77 287.95 0.00 287.95
23 150.00 135.00 98.58 108.15 227.23 160.00 130.00 120.00 29.07 20.76 242.45 -89.23 242.45
24 150.00 135.00 98.58 107.51 227.23 160.00 130.00 120.00 29.07 20.76 195.00 -189.14 195.00
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