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The energy-saving dispatch based on the coordination between pumped storage hydro and wind energy
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Abstract: To solve the problems of operation cost increase and reliability decrease after wind power integration in energy-saving
dispatch, this paper proposes an energy saving dispatch method based on coordination between pumped storage hydro and wind energy.
Through introducing several integer variables which denote different operation states (generation, pumping and idle) of pumped storage
hydro unit, and the imbalance constraint during coordination period which illustrates the volatility characteristic of wind power, this
paper establishes the energy-saving dispatch model based on the coordination between pumped storage hydro energy and wind energy
and solves the model by using mixed integer programming method. The case study shows that this model can overcome the shortcoming
of intermittency and volatility of wind power, enhance the reliability of power system and availability rate of wind power, and decrease
the operation cost of whole system. The model can also give the new dispatch schedule of pumped storage hydro unit, which meets the
requirement of energy saving and thus has significant economic benefits and practical value.
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Tab.1 The data of load curve for a given day
AN MW R MW N MW R MW

1 1490 7 1530 13 1770 19 1745

2 1435 8 1610 14 1735 20 1785

3 1400 9 1 660 15 1660 21 1820

4 1385 10 1710 16 1720 22 1 840

5 1410 11 1760 17 1740 23 1805

6 1475 12 1800 18 1755 24 1730
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Tab.2 The parameters of thermal units

Bl s WA/ e/ I e =/ A e/
4 MW MW (MW/15 min) (MW/15 min) MW)
Gl 1000 600 15 10 30
G2 1000 300 20 15 40
G3 1000 200 25 20 50
G4 500 200 35 25 80
G5 500 150 45 35 100

F 3 KEHEATALAN
Tab.3 The available wind power

/NI 15 min AT RGEE/MW || N 15 min "] H X EEMW
1 9 120 70 80 13 120 135 105 95
2 105 145 215 180 | 14 125 155 140 120
3 150 130 115 145 | 15 145 135 155 140
4 130 140 105 125 | 16 165 195 200 180
5 100 65 50 80 17 160 185 150 140
6 115 95 110 140 | 18 145 160 155 165
7 125 90 135 105 | 19 145 140 120 145
8 135 155 140 135 | 20 160 170 205 185
9 115 95 8 90 | 21 155 180 195 180
10 105 110 95 110 | 22 150 200 145 180
11 80 115 95 105 | 23 130 140 135 140
12 135 150 140 170 | 24 155 190 210 195
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Fig.1 Thermal unit output in case A
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Fig.2 Thermal unit output in case B
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Tab.4 Utilization rate of wind power of each hour in all cases UR %

1 2 3 4 5 6 7 8 9 10 11 12
A 80.31 45.17 41.20 54.37 57.16 70.35 67.51 85.86 79.54 88.78 70.10 82.32
91.67 57.36 55.56 61.15 67.80 82.61 79.12 97.35 88.31 100.0 81.01 93.28
82.22 86.82 85.70 94.34 89.49 73.04 100.0 100.0 100.0 100.0 100.0 98.81

13 14 15 16 17 18 19 20 21 22 23 24
85.51 80.45 71.47 87.19 71.75 82.73 76.85 86.17 76.80 81.27 87.50 47.63
98.90 88.89 80.00 100.0 85.04 97.60 87.27 97.22 87.32 97.04 95.41 53.33
100.0 100.0 95.30 100.0 100.0 100.0 100.0 98.33 100.0 96.89 100.0 94.60
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Tab.5 Synchronous pumped-storage unit dispatch

JNEE 15 min HHH/MW | /i 15 min H }/MW
1 0,0,20, 10 13 10,0, 25,35
2 -75, =15, =75, | 14 -17.5, -17.5, -17.5,
-75 -17.5
3 0,0,0,0 15 -20, -20, —20, 20
4 0,0,0,0 16 37.5,7.5,2.5,22.5
5 0,0,0,0 17 -2.5, 2.5, -2.5, 2.5
6 0,0,0,0 18 10,0,0,0
7 4.5, 4.5, ~4.5, 19 -10, -10, -10, ~10
45
8 5,0,0,5 20 25,15,0,0
9 -5, -5, -5, -5 21 -17.5, -17.5,- -17.5,
-17.5
10 5,0,15,0 22 30,0, 35, 0
11 -2.5, -2.5, -2.5, | 23 0,0,0,0
-25
12 5,0,0,0 24 0,0,0,0
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Tab.6 Asynchronous pumped-storage unit dispatch

AN 15 min H Ji/MW /NS 15 min  J)/MW
1 0,0,20, 44 13 8,0,23,35
2 -60, -80, —80, 0 14 -6, =36, 21, -1
3 0,0,64,0 15 -37,0, -47, -32
4 -45, -55,0, -60 16 36,6, 3,21
5 -50,0,0, 14 17 -20, 45, -10, 0
6 59,5,0,0 18 27.5,12.5,17.5,7.5
7 -35, 45,0, -15 19 -25,0, —20, 25
8 22.25,2.25,17.25,22.25 20 33,23,0,8
9 -34.75,-14.75,-4.75, -9.75 21 0, —25, -40, 25
10 16, 11,21, 11 22 30,0,35,0
11 0, -35, -15, 25 23 22.5,12.5,17.5,12.5
12 28,14,24,0 24 0, -67.75, 80,
=72.75
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Fig.3 Thermal unit output in case C
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