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Fig. 1 Schematic diagram of the model scheduling periods
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Table 1~ Multi-timescale inflow assessment criterion for risk condition of water abandonment and power shortage
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Fig. 2 Schematic diagram of the critical abandoned water level and guaranteed water supply level
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Fig. 4  Scenario combinations of water abandonment risk condition (June 30th to July 6th)
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Fig. 5 Scenario combinations of power shortage risk condition (January 31st to February 6th)
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Fig. 6 Upper bound of water abandonment risk and lower bound of power supply guarantee for plant A at 7 = 6
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Table 3 Simulation results of proposed rules versus comparative rules
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Fig. 7 Calculation results of different renewable energy integration rates

1, BIK R b il el XU BRAEG L /K ERL S K T T A AR, ORI R S B

43 SHEFAEMMRRERSH A XOGHTRE IR FHUAIIE R, X8 B0 78 3 25 PR 58 N (9 35 17 M
BORWE . Wz, T N R XOCHEHLA SRR S E, AT 23 5 08 AL SR, R TR e
P vy R SRS 5ER B KB BERL , E TERRR ], 7 =6, o, = 100%.

430 RORRA NIE AR B K PR K AL R AR, B E e 20 4L 6 Fl 14 DU g SR EAT
LRI BRI H A SRR AU B R ) AR AT A S A R W 8 (a) Ik, B o HEOR, VR
A B 30 7K KA 26 B BTG, B AP 0% R 3l A KUK it =2 385 K5 A 0T R 3l A I AR B KL 3% 8 T
BT 7K IR b fife v, JRURS: Bif 22 18 0 R ok R B R AR U . KURR Hh ) RO AR R D S T B AL 1

A h
VIEREARAL . | IEREARL
1240 & 7B 1240 =
1230k v "lr ___________ 1238
20F e 12361
s 1ok e i = 12341 —— My i s AN
= o = = —— +500MW'
< : : : =4 2 1232} —— +1000MW
1200 by i =6 b +1500MW
N o=l 1230 —— +2000MW
1190 | : ; A JAREIE L2
R S WEEE TR 2k 1228+
msor H
: : 1226
1170 [ KA
T L i s v }Eﬂ({i == 12241
01/01 04/01 07/01 10/01 01/01 01/01 04/01 07/01 10/01 01/01
(BN i H
(a) ASTF) i B2 RLIN) (b) R[] T8 R 0]
+ o . 4 ofF  —05fF —— UF —— 125(%
—— iR AR sof O fr o fi
1.5 1.75f% 2%
1178} +500 MW N7 AL KA
+1000 MW 1240 LA Eo M e
1500MW T TR EIAIRIEA
1176 ——— 42000 MW P70} R PP
1174 1220 +
£ £
E 1172 E 1210 F
1170 1200 F
1190 0701 08/01 _ 09/01 10/30 12/01_ 01/01
1168 /\ Hi A
1180 |
1166 AN L N [ '
170 o g
01/01 04/01 07/01 10/01 01/01 01/01 04/01 07/01 10/01 01/01
H 9 2R ]
(e) AN P AL () R LA REVESE LA Bk B

K8 JCHES BB 4 20

Fig. 8 Simulation results of key parameters
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Extraction method for dispatching rules of the main reservoir considering joint operation

risks in hydro—-wind-solar power systems

LIAO Shengli', YAN Zixin', LI Shushan®, LIU Benxi', CHENG Chuntian', XIONG Jiang'

(1. Institute of Hydropower & Hydroinformatics, Dalian University of Technology, Dalian 116024, China;
2. Electric Power Dispatching Control Center, China Southern Power Grid Company Limited , Guangzhou 510663, China)

Abstract: Reservoir scheduling rules are pivotal for guiding reservoir operations. To mitigate water abandonment and
power shortage risks in integrated hydro-wind-solar systems, this study proposes a method for deriving main reservoir
scheduling rules, accounting for joint operation risks. Multi-timescale inflow assessment criterion for water abandon-
ment and power shortage risks are constructed, with Monte Carlo simulation and K-means clustering generating
extreme condition scenario combinations to characterize risks and serve as model inputs. Considering hydraulic, elec-
trical, and renewable energy consumption constraints, optimized scheduling strategies for cascade hydropower sta-
tions are developed, and a main reservoir scheduling model is formulated to ensure no water abandonment or power
shortages within fixed future periods. This model is transformed into a mixed-integer linear programming (MILP)
model, solved hourly within each scheduling cycle, to determine the upper bounds for water abandonment risk and
the lower bounds for power supply assurance. Applied to a hydro-wind-solar base in southwest China, the effective-
ness of the method is validated through comparative rules and multi-scenario tests, achieving no water abandonment
in the flood season and no power shortages in the dry season compared to baseline rules. The approach consistently
derives robust scheduling rules across scenarios, providing theoretical support for stable hydro-wind-solar operations
under rapid renewable energy growth.

Keywords: abandoned water; power shortage; scheduling rules; risk situation awareness; energy consumption;

power supply guarantee
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