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Comparative research on the dispatching operation of a hydro-wind-solar-storage complementary
system considering configurations with hybrid and pure pumped-storage hydropower plants
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(1. CSG PGC Power Storage Research Institute, Guangzhou 511486, China; 2. Sichuan Energy Internet
Research Institute, Tsinghua University, Chengdu 610000, China)

Abstract: The constructions of pumped-storage hydropower plants (PSHPs) and the hydro-wind-solar-storage (HWSS)
complementary system within a cascade HWSS integrated energy base along the river basin are important means of
improving the consumption of wind and solar power and accelerate the integrated development of renewable energy. The
HWSS complementary system can be configured with hybrid or traditional pure PSHPs according to the local geographic
conditions. To select the optimal configuration, this paper starts with the demands of the dispatching operation. First, the
seasonal and intraday complementarities of hydro, wind, and solar (HWS) resources are quantitatively analyzed. Then,
based on a refined cascade hydropower plant model along the basin and considering the respective configurations with
hybrid and pure PSHPs, a short-term dispatching optimization model for an HWSS complementary systems is constructed
with the minimum load tracking deviation rate, minimum energy curtailments, and maximum hydropower utilization rate
as objectives. The impacts of different forms of PSHPs on the HWSS complementary system can thus be explored from
the perspective of the dispatching operation. Finally, a case study on a cascade HWS integrated base along the basin
shows that the configuration with mixed PSHPs exhibits smaller load tracking deviation rates, lower energy waste, and
higher hydropower utilization rates, in different operating scenarios, than the configuration with pure PSHPs. The overall
operating efficiency is also improved, which indicates a better improvement of the HWSS complementary system’s
dispatching operation by the configuration with mixed PSHPs than that with pure PSHPs. This research can provide
decision support for the planning and dispatching of clean energy bases and PSHPs along river basins.
This work is supported by the Science and Technology Project of China Southern Power Grid (No. 020000KK52210005).
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Table 1 Calculation result of mutual information of hydropower-

wind-photovoltaic in a certain area

HAZE N RE H /N R EE
Xhydro ™~ Xhew 0.57 0.08
Xhydro ~ Fhes 0.13 0.28

Fhydro ™ Fhowes 0.44 0.20
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Table 2 Calculation result of standard deviation of hydropower-

wind-photovoltaic in a certain area

PR 2 ENHARE H /N R
X, 3.07 10.25
X 2.12 9.86
X, 3.19 7.16
Xy 247 9.02
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Fig. 1 Hydropower-wind-photovoltaic daily utilization

hours during the year
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Fig. 2 Schematic diagram of cascade hydropower structure in basin
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Fig. 3 Schematic diagram of a renewable energy base
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Table 3 Main characteristic parameters of cascade

hydropower station
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Table 4 Scene situation

WSS ZE I T E 750
I 2175 @IRE. OAE. (L&
11 B 5 @IRE. OAE. (L&
II KB 5 (@EE. OHE. (oLHE
4.2 GRS

) FH BT A AR 45 IR A A 2 7K RO 7 Vi e R S
e 5. BRI s AT RN &S myE
FIER, WK 4 Fros.

1-(b) I-(c)

7K X e Sy e Y — G o 5 — 17 K s S, — B
2 z z
= : z
& = =
= = s
R B E
0 2 4 6 8 10 12 14 16 18 20 22 24 000 @ S B % E0ERAS 10 12D et % 2 4 6 8 10 12 14 16 18 20 22 24
I B B/ /b
11-(a) 11-(b) T1-(¢)
4800 T 48007 ok v g
7K JX s e I B — 1 5 K A, e w6 — B T R, S, — B
% 4000 = z 4000
= 3200 = E 3200
“,:2’ 2400 ﬁt‘i § 2400
R 1600 :§ = 1600
e 3 = 800
0
0 2 4 6 8 1012 14 16 18 20 2224 072 46 810 12714716 18 20 2224 0 2 4 6 8 10 12 14 16 18 20 2224
i B/ 5 Bt/n i B/h
111-(a) 11I-(b) TMI-(c)
7K [ e e $ 2 —— A1 o K [ e S 41— A i Ry -
z z =
2 2 =
= & =
R 5 R
H H g0
9 6 8 10 12 14716 18 20 a
0 2 4 6 8 1012 14 16 18 20 2224 B3/ 0 2 4 6 8 1012 14 16 18 20 2224

I} Bt/h

I} Bt /h

4 REHZR TJBERE DB

Fig. 4 Output of each power in different scenarios
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Fig. 5 Base load tracking deviation rate in different scenarios
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Fig. 7 Base water utilization rate in different scenarios
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Table 5 Dispatch operation effect of different pumped

storage configuration modes
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