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Abstract: To systematically investigate the impacts of wind and solar power integration on medium-to-long-term op-
timal scheduling of the Qingjiang cascade hydropower stations, a multi-objective optimization model for coordinated
hydro-wind-solar operation was established. The objective function was reconstructed through objective transformation in-
tegrated with penalty mechanisms and solved using the progressive optimization algorithm (POA). Case studies demon-
strate that the model simultaneously ensures system power generation while achieving complementary coordination be-
tween cascade station operations and renewable power output. Through analysis of complementary coordination effects
and reservoir level variations, operational pattern modifications for the Qingjiang cascade reservoirs were extracted: fol-
lowing renewable integration, storage/discharge strategies should be prioritized for adjustment during wet/normal years
based on inflow characteristics. This adaptation reserves additional storage capacity to flexibly accommodate complemen-
tary coordination requirements with renewables while fulfilling power generation demands.
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Tab.3 Interannual variation characteristics of water
levels in Shuibuya and Geheyan reservoirs
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Fig. 1 Interannual water level fluctuations in Shuibuya and

Geheyan reservoirs over multiple years
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Tab.4 Annual average power generation of each

hydropower station
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Tab.5 Pearson correlation of hydropower with wind/solar

generation in representative years

HL 3l P AL AR Jetk A HL R
K A B FL + —0.218 —0.532 —0.738
I —0.224 —0.521 —0.744
i —0.214 —0.557 —0.775
i ] H + —0.237 —0.581 —0.776
3 —0. 254 —0.552 —0.735
i —0.271 —0.568 —0.753
o LI B 3 + —0.104 —0. 267 —0.213
5 —0.126 —0.241 —0.217
i —0.162 —0. 306 —0.253
B RK ES —0.241 —0.591 —0.798
- —0.241 —0.586 —0.796
Hi —0.218 —0.592 —0.797

R SRR T RO L R 08 o G R v e
IBAT AR A I 23 B O K P Y S L i — 2D
25 T KA B 5 B K A AR AL WLE 2,
2 LR O A A KL B R F L A% B RO

o 225 -
NERE —BINGIT EERXA
405 500 202 2500
400 201
~—
395 0005, 198 \ 2000
390 SR -
£385 1500 £ 2104 1500 £
gm / B Siop L]
2375 100055 % qg) 1000 =
370 O [
365 0 < 184 00 <

135709 11131517192123252729313335

I i /4
(a) KFRHLE KA K AT

1357 911131517192123252729313335

W i)
(b) BT s FXKEKIDIE

400 9
395
390 /_—\ <

_ 385
£ 380
=)
<37
%5

13579 11131517192123252729313335
B )4

(c) KARHIMKEXADS 2
800

390 Vs P / 700
. \ % 500 7 N\ AN 600 "z
e*® T A h y 500 &
3 380 U B 3184 \/ 1 400
= B X182 300 5

=% 300 5
200 180 200
4 178 200 2
370 1007 176 100

800
700 _
600 "
500 &
400 gy
300 5
200 ¥
100

6 0
13579 11131517192123252729313335
B a4y

(d) IS KEKIDI

365 0 0
1357 911131517192123252729313335 13579 11131517192123252729313335
IR )/ 5 1)/

(o) KT KE KD (0 BT SRHAEKIITIE
B2 kAL FRI Ak B S B K i T AR

Fig. 2 Reservoir water level variations in representative

years for Shuibuya and Geheyan
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