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Optimal capacity allocation of pumped storage reservoirs considering the synergistic
effect of small hydropower and agricultural irrigation in river basins
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Abstract: In order to alleviate the shortage of flexible resources in power systems in remote areas and to reduce economic
losses caused by the fluctuating and uncertain output of wind and solar power stations, this paper proposes an optimal
capacity allocation method for pumped storage reservoirs considering the synergistic effect of small hydropower and
agricultural irrigation station in river basins. First, the method fully utilizes the idle capacity of agricultural irrigation
stations during different seasons and integrates them with small hydropower plants to form a pumped storage aggregation
unit. Then, the uncertainties of wind, solar and hydro power in different seasons are modelled using scenario sets. Based
on Gale-Shapley bilateral matching mechanism, wind and solar power stations act as the selection party and aim to
maximize economic returns in the optimization model. The pumped storage aggregation unit acts as the receiving party
and a two-layer optimal allocation model is established. The upper layer focuses on maximizing annual profits to
determine reservoir capacity allocation, while the lower layer targets maximizing aggregation benefits to optimize the
aggregated system. Finally, the combination of particle swarm optimization algorithm and CPLEX solver is utilized to
solve the model. Case studies show that the proposed method can fully leverage the flexible regulation capability of the
pumped storage aggregation unit and effectively cope with the volatility and uncertainty of wind and solar output.
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x1 REFHRELELER
Table 1 Aggregation results of aggregators

KEREM W1 W2 W3 PVl PV2 PV3

BoE1 2.165¢10° 0 0 1 1 0 0
BEK2  3.070%10° 1 1 0 0 1 1

R2 BREFMWBEZFEDHT

Table 2 Economic analysis of optimal dispatch of aggregators
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Fig. 3 Operation results of aggregator 1 in seasonal scenario 1
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Fig. 4 Operation results of aggregator 1 in seasonal scenario 2
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Fig. 5 Operation results of aggregator 1 in seasonal scenario 3
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Table 3 Economic comparison of optimal dispatch of

aggregators before and after aggregation
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Fig. 6 Operation comparison of aggregator 1

in seasonal scenario 3
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Table 4 Economic comparison of optimal dispatch of

aggregators in different scenarios
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Table 5 Economic comparison of optimal dispatch of

aggregators under different reservoir capacities
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Table A3 Parameters of aggregation cost

A HAf

7, /(t/m’) 100

., /[(O6/m’)/4E] 3.5
o [OGKW)/4E] 60
7 /[(T/RW)/AF] 50
7, [OG/KW)/AE] 40
7, [IGT/KW)/4E] 30
C™/JiTt 40
C"*/Ji7G 60

Mi% B
% B1 BFSIARKIS

Table B1 Division of seasonal scenarios

NV s e 53 5 BT 3 SR A 1ad
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AT ERNAER, AR e, BT 1 i s A—9 f1 0.42
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RGN T 183.7 5T, FRNEM I T 121.2 2 s om g 0%
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Table Al Parameters of pumping and storage systems Table B2 Probability of uncertain scenarios in
ZH i 1R A& 6 20 ) different seasonal scenarios
P kW 5680 9000
o 51 1535 2 R 3
O /(m*/s) 16.04 29.00 . 029 028 o2
0% (m’/s) 28.89 50.40 2 ol 018 038
A m 4011 3595 k3 0.22 0.23 0.16
ok 0.90 0.88
g Y54 0.37 0.31 0.19
P /KW 4200 6880
O/ (m'/5) 14.03 25.79 R B3 FEINTLIHRE T NKEBHRAERETHE IR
H™/m 25.95 23.66 Table B3 Uncertain scenario sets of natural runoff of
"t 0.85 0.87 hydropower in different seasonal scenarios
yr 5.50x10° 8.00x10° m’/s
P kW 2.00 2.50 W 1 W5 2 W5 3
sl 8.68 9.46 6.06
A2 SRR
- . . Y2 11.37 8.98 5.53
Table A2 Time-of-use price WEE 1 B 3 1004 . o4
5% X . .
A B HLAf/(75/kWh) _— 1283 . 477
S . . .
08:00—12:00
e U LAY 0.55 75 8| 9.04 7.78 7.04
18:00—22:00
T 12:00—18:00 0.45 W 1k 2 ik 2 927 o1 6.14
o 00: 00—08: 00 Y53 8.48 8.72 5.60
KB A 22:00—24:00 0.3 54 7.98 7.53 492
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aggregator 1 in different
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