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Research on optimal operation for long-term complementary power generation of wind-photovoltaic-hybrid storage
system//ZHANG Yanke, LUO Shengyue, LU Yaojian, WANG Yuankun ( School of Water Resources and Hydropower
Engineering , North China Electric Power University, Beijing 102206, China)

Abstract: To investigate the long-term complementary regulation capability of hybrid pumped-storage power stations under
the background of grid integration of large-scale wind and photovoltaic power, an optimal operation model for long-term
complementary power generation of wind-photovoltaic-hybrid storage systems was developed. This model aims to maximize
the utilization of wind and photovoltaic power generation in the joint operation of wind-photovoltaic-hybrid storage systems by
minimizing the variance of residual load, and it was solved using a progressive optimization algorithm. The results of a case
study show that compared with the wind-photovoltaic-hydro system without reversible pump-turbine units, the expected
value of the utilization rate of wind and photovoltaic power in the wind-photovoltaic-hybrid storage system increases by 8.
56% , and the expected value of the variance of residual load decreases by 99.38%. These results indicate that the hybrid
pumped-storage power station can better play its role in regulating wind and photovoltaic power, and can improve the
utilization rate of wind and photovoltaic power generation and the power generation capacity of the wind-photovoltaic-hybrid
storage system while meeting the demand for tracking grid load.

Key words: wind-photovoltaic-hybrid storage system; long-term complementary; optimal power generation operation;

utilization rate of wind and photovoltaic; variance of residual load

Do L M H bR, KL AR CELR faf K R

o H AT B2 TP R R B AR RE L v 2 — | BE R4

O ) A FL A AT AR BE R Y = ORI © R RE IR A
JEI FEZE T BRI, KOG REVR Y5 ZL i S P
MEALZS T T RE RN AN R ) R G L s g is 17 ok
TR B KOG RE IR 19 M AR % i 43
IR RO RE T (5K H s R, &
P AR A BE B LA T L 1938 1 BE 7 2 1 5it B BE RO
P 3 e, B e TP A RE R HL BE i AN R AT PR
RE PR RURL I 2

TRA UK & B L ol (LATR R FRIE 38 e ol ) £

TR B B R IRAR R 5 IR T RE T, i BA Al ok
& REFRL Ul AL | BE HE— 204 5 2R 40 0 3R 49 RE ) A
PEE AR IR p T g R AR 2 ROk
WP h P M T DR R R e ORI T U s A
/N EBREK R DGR AiloK & BE AN E AT R 1 I
L SIS LUK G ER Ak # R RUr Y
H £ 5 R 7 g e R T 2 ) R DL E B v BB
JK R RS REI R e RO HAR, SR 1 TR Rl ) A Ak
2 AR GE L 7 25 H R 60 £y il 2 DG IEJEE 9 45

ELWB . HEARPAIETH (52279064, 02243224 ) 5 o e i 45 FE AR 45 3% & 0 %8 4100 H (2024]C003 )
EHERN IR ERH(1983—) B flZHZ, M+, FENFOKEIE SHEHEREF5 . E-mail ; ykzhang2008@ 163. com
BIEIEE Fmdh (1981—) 3B, #0= , 1Wt, EEMGOKFE IR SREIAL=0FST . E-mail : yuankunw@ ncepu. edu. cn

- 60 - KA K A ,2025,45(4)  Tel:025 - 83786335 E-mail :jz2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



Yoy Fu 4500 S ot % A B DU TR H kR,
ST GBI HET VA AT, 45 th K 25 R 0
ATACH T 7 AF0t T ELER 5 7 Hh B0 % 4 L
a0 B K 5 BRI B RAEHETT I, 45 SR
K 25 RO A B4R 125 XML I8 75 0 2 B A I
AR KL 3 s SRR 2 2 R T R K 2
TRtk L SR DGR MUK B R TR R G R
g b BT SO R TR LR T IR 3 il R
SERGTH VI =) AT, E R b DU, K
by 1 AR 2 P AT, G 18 13 T e 2
KA, ST, A5 S S e B I A o e
Ff ] B 155 7 (B 2 ) i 5 e i G )
FUEAT GELE/NR ) IR 6 1R 2 R e ia AT L,
P IR 24 00 % i O A
31 KO Y BRI S A A 2 o ) R AR
WS,

1 KA RBERAREILZRBRANEAERE

1.1 HirE\EH

AR E B & H R AR ] g4 = KO T 44
It [F I PR KGR BT s AT e 4k T RETE,
GTR B H 73 R 1 5 v I £ £ 75 5K 42 1 38
SO — 2, R, B LR A 07 g 7 25 e/
FHEBR(E (1)), ISR R G0 R G 518

ﬁ:mmggM—R—%;(M—Rﬁ (1)
Lof, ARIR G Ir 265N, J5 ¢ B BIX OG- TR &
ST P, R o BB AT R oK T O I B
B

KR E S it A .
N, =N,,+N,,+N,, -N, (2)
2 N, A BOSIRI T N, S5 o I BOX
MLt T N, S I BORE R KBt T N, R
5 ¢ N BOR F btk D3
1.2 AREH
a. 7kﬁqz?%é"‘]5ﬁ
Vieer = Vi (01, —q, DAt + Q. 1, (3)
Vawer = Vo, +(Quy = )AL = Q 2, (4)
K. vy, Vo G000 EPETESS ¢« B BORNES ¢+ 1 B
BUWEKE; Q,q,, 7000 EPETESS ¢ I By-F-34
AR SFR R V,, V., 2P T R
5t N BOFIEE o+1 BN E K Q,, g, MBI
FEAESS « Y BRI AR i P Rt b 0 R
FHOKETR]; A 9 I B 5 Q,, O TR %5 HRL 3 Aif K
NiTRiies

b. IRIEFIRLH

Viewn S Vi S Vi (5)
V.t min Voo = Vo (6)
Vo in Vo 20900 EEAESR ¢ I BEAYE K
B ERAE KR LRV, Vi B8 T LR
55 o N BEAEK BT IRFIE K& ERR,
c. TR
Qrimin < Qi S Qe (7)
Qapmin S O S Qs s (8)
H Q1 in Qe PN L EAES ¢ BB T i
Tk N RANEBR s Q) i Qa0 73BN T JELESS

Fsf B2 9 1 ity i T BR AT FR

=
=

d. 2R,
Nl,l,min = Nl,t = Nl,l,max (9)
NZ,)?,min $ NZ.I g N2,t,max ( 10)

L Ny, N, SR B PERNN PEAESR ¢ B B i

T35 Ny i~ Ny 52800 E LRSS ¢ AEBR AT T
BRAILEBRG N o Ny, SP3BT EAESE ¢ 1B
5 F BRI LB,
e. K RENLLI TN ALk,
prl.mi" < pr, = Np',,max (11)
SN N, SR K RE LA K S
B WA
£k REHLAL B 2
Qi < 0, < Oy (12)

X Q, MAKEREHLAEIK I 5 Q10 Q)
S A K E BEALA FhoK i 1 R BR AT LR,
g. MK THUR KRR THOUE R0,
N,,N,, =0 (13)
LR GFA TR K & REVLALTE S ¢ B BeASBeIm] B
K R AR

2 1REKR

TEHL W ST 2T TR & Lk 5 KOG B AR &
R IR, 2 B IO 877 75 5K /N T KOG g DS 2 HE KU
R SR L I YR B L AR 2 R i
RE; Sz, 21 v I G 7 o o I KOG Hh o 2 F IR
o FRL DUDRE TS i %) L RE, LA 2 FL IO 7 ) 5 K
RN S R I PR il WER by s LD R Sl
JEK AL AR S RS AR &, s 7 DA Bk
( progressive optimality algorithm, POA ) XJ #& % Jiii L)
R, BRI

TR KB T A B, AR M B
fir S KOG T334 i B b PR AR B Y g, 5
W ATHBATIA 53] F R A I BORIKAL

T2 WE T ETE j 2RI IR AR AT 5, 5
B AR 25 s NSRS 1 A 20T 1R i AT 8 20 AR

KA K A ,2025,45(4)  Tel:025 - 83786335 E-mail :jz2@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 61 -



I, B S 1.3 DI 2K Z, . 2, B R
2 MIFZIKAL Z, , 2B K S B 4 L P s P i i
BLAE RN EA PR i, 82t 5 (3) THE P I B
() gL e, S T A 380 A s B 4 1 T, S e R
Z, 1B B et

B3 LB 2 AN Z, AE N
RIKAL, [EE 7, Z,, A Z, , R 2, it
AT WL 10 1 I B v T B 220 % 7 19 7K AN, 4 B Bt
MR, HRETEN T-1. T B B i35, B 98 B
— A AR, S B K VR KR T (2, ,2,,
""ZT’ZT+1 } o

B4 THOKEYIG R BEER 3 2
UAEACRAS 1 H A8k 3 BI0RS BE 225K, e Ak it
CRAT N

3 Efish

3.1 HRMK

ARSI T A6 A A7 I BB N DU S s
AR AT K R /N FL s AR i RO
R R N ETRE R GE (LA R PR H -/ MiER &
LU ) HEAT SR8 0 BT, 1R A KRR 3 K 2 ) AR R AE
mFk 1R,

F 1 KEBKEEARSE

B

BIER/ wE ,
R ERE BBk AL /m

K Kb/ oMy EHES
W 197000 355 330.0 800 AR
7N 2822 264 261.3 48 Hy

MR8 WAL A A Je Rk B 22 B 23 R AT B8R , 18
22023 4R WAL A TG T AR IR oK B KOG BLAE
BZHAH0.56:0.33:0. 11, LIEHO-/NERE
FL UG Y S BEHL 2 848 MW g i AR 2% L ], 1%
B AU SRR Bty B2 HLAS 43 R 166. 57 MW
F1499. 71 MW, [A] I, 4% B8 — 2 L BPEE R 9 £ A 2o
FRAR I 22 5538 11—/ TR &5 i i A DS FE Y 2
PL7d R SR 7d XU S BESE K K
FELL/ N PR IE G R SR AE TR E A
www. ecmwf. int X35 BRI S 08 B N KOG
JI1E B B W 7 e 7 R AR AN R 1 B
3.2 HERAW
3.2.1 RA#ELEREEN

KAARE R G E N IK RGeSt 7 KR
B KIEA A 2 BRI 2 AT FE R
KAGH IS R IE ST, KB & R i 2 5
R AT TR B H i 9 KOG IR 5 B8 T B,
RAEZIRE RIS LT PR ARALBR ], 5257 A 58
H L HFRR

600 o RUGHEZER L wm JOGHESINKE
—— MG R |

lull

0 12 24 36 48 60 72 8 96 108 120 132 144 156 168

i) /h
B1 KAEEREMESNERRAEHE NS
FB P S 77 5 SRk i 2
700 = iREBUINS = KOk FERF
600 IR K% FL ) 97 i SR
500F g ‘ i
&= 400 | i
= L1
R20TH
22200
100
0 (il
-100
"0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
i i)/
(a) KIRE RS
600 —— ki) — KB FERFEE

— R

500 1
5 400 - HUHE

g f
R 300 |
H

200 ¢

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
i I/
(b) R-7KRG
B2 RMAEZEEXEHR-X-BERES
-7k RS H AT TE

A S P TR S L Sl 5 K L 3 ) T KA e
e 3 frs, 1RE f b5 KH 8 REXT KOG HE 73k
P, B 2 Ao RE LK BE R IE R AB A7 T K E =2
b SR FOE R, BT XOG TR EE
T HL A7 A T R A R BERR 2 TR HL 5 K R
AR R B E S IR E R A2,
AT UL VR R A R T R A K AR e Kol
FR IR T BE T B
3.2.2 RRELDEET

WAHARE RG S KO KRG T 8 R
H KSR 4 froR, nTLUE s Kook
S gIeEk S M R R MY & IR E
sl AR KOG 07 e T A7 A R A B B R A T A
IR AE RO HE AR T H I A7 7 o >R B i R e g, Al Al
RORE &k S m skt &k d 2v &,

- 62 - KA K A, 2025,45(4)  Tel:025 - 83786335 E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



—— RE W KA — K B A
—IREFRI AN —— KRR

345 1268

3441 1267
£ 343+ 1266 5
= =
& 342 1265 <
Y4 ~
@ 341F 1264 %+
340 !\JT\]\WI\W\@ 263

339 s s s s s s 262

1 25 49 73 97 121 145 169

Hfa)/h
B3 KELAXELZFBEESBRMGFMKBIEN ETEKAMEE

400

Z 300}

R /
= 200

100

0F . I

-100 |

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Hif ] /h
(a) N-RE RS
600 KIS ——ROGH
—— HL P B R

FMFE
500

= 400
£
300
H
200

“l | , l | 1 l

0 12 24 36 48 60 72 84 96108 120 132 144 156 168
A a)/h
(b) W7k HRG

B4 KAeEZENEBR-ERERESK KK
R At iE
I B 30Y A TR B R 0 K Rl BT KA
5 0. IR E ML 5K il Y B R R AL 5 BT
Ja TR, HASEEEAS — B, {H IR 35 L ol /K 3 /K O
Z | LR R | SR & vl mT L s ik K
77 SIE N Z AR KOG T

— RE R KA — K B A
—IRERIT AN — KRS TR AL

343.0 264.5
£ E
2 342.5 264.0 2=
X 3420 %
iy 263.5 ¥
4] 3415 =

dlob—— . 12630

1 25 49 73 97 121 145 169
I [fl/h

ES5 ReEsNg RS Rk g kT ek R

3.2.3 ROLHEARERAE G5 £
PP X T TR T KOG 4055 e 4 1
farr X N 2 proR, R 2 v, R IRE
KA AR A B 2025 ,45(4)

RGERIETH AR HL R 7K 5 G de KR TR A
14.00% , H ARG IE T IR E f b KOG TH 44 fig

HB LK L T | KUY 73K TR & i R 3
IR, [FE, KGR E RGE R R AT 2240 T
KNIk RGe0/0 T 100. 00% , 7] WX IR E R4
(R KOG A B g 067 467 B B B 0 9 0T XDl

KRG,
F2 FHMBEBRSEHABEETRAEENRSFE
A EX

. ROGTHM /% A ST ) 22/ MW?

e Kotk RER Kokok AR
RE BERG RE BERG

HERK 86. 00 100. 00 6491.99 0. 00
BN 95. 40 100.00  94625.00 0.00

3.2.4 FERAEEHD NERAERAHTHT R
W H AT
3.2.4.1 FEKOGH A EN

N IBAUEAR SCHT EAE R A R, i — 275 TR X
JGHR AN M 2 e, R R L TR S 7 A S
K-means J7 3%, 70 3 A= O ROE 7% 22 R & T2 T 1Y
5 RS 137 s MIROGIE S/ N R AETE T 1Y 5 il i
R T35t il 6 s .

—— Yl — Y2 — 53
800 Yistd — %5
700
600
500
400
300
200 [

i
100 }»

0 12 24 36 48 60 72 84 96108 120 132 144 156 168

RO fimw

I [F)/h
(a) WOGHESER K
600 [ — ke — %7 — YR8
Y9 ——5%10

RO 1MW

0 l‘2 2;t 36 4§ 6b 7I2 8;1 56 168 1é01§2 14‘14 136 1‘68
Fsf i) /h
(b) MIEESENE

Bo6 RLELSEKREMESNERARRLAR Y AHS

T 3 i AAS TR RO 7 R g 5 R R R
KOGHLR 13755 T R 5800 XOGTH 99K 5 9 4% T far
FE R 3 P, a3 A, KO IRE RGE M
KA ZR G B9 RG99 R 2B H 5 3 °h 99. 21%
F190.65% 35 T 8. 56% ; NIRE R MK HE-

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn  hitp://jour. hhu. edu. cn -+ 63 -



TR ZR G0 i o 4 B ey 7 22 A ERAE 4300 R 314. 42 MW?
F151244.66 MW?, J8 /> T 50 930. 24 MW?> | &K T
99.38% ., 1] LA AR RO I TE N KGR
B ARG KOG A R RE S A0 7 R e T LT

NHtIK RS,
£33 SMRKAABHAFIE T RERLBEHER
ERRamrAEILE
- RIGTHMZE, % A AT 2/ MW?
b Kot Kook KR Kbk
BRG EX) HRGR E3
i1 100. 00 85.90 0. 00 6497.75
ek Y2 100. 00 86.03 0.00 6487.46
j(;i Y3 100. 00 85. 40 0. 00 6490. 07
Yisc 4 96.75 86.26 1573.50 6493. 16
Y s 95.33 86.21 1570.67 6490. 14
Y6 100. 00 95.03 0.00 94 870. 83
Y7 100. 00 95.70 0. 00 93285. 00
J%@ Y8 100. 00 94.73 0.00  104070. 83
INE
Y9 100. 00 95.55 0.00 94135.74
510 100.00 95.68 0.00 93625. 65
WIER(E 99.21 90.65  314.42 51244. 66

3.2.4.2 FIBAPEG A E M
TRE R S5KH s i B B 5 AR R4

K, R, 356 B i O o A PR O e A, 3l s R
TR S Ak KIS AER P E IE f ad FE A T O
Br, aniEl 7 Bios

700 —— MKW —— Kk —— ki

600

500

m¥s)

= 400
o# 300
" 200

o

2

i

100

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
M) /h
B7 ARANEREIRE

KWAEIRE R G5 M6 7K REEAEA R KOG H
TP EAEA i T iy ak #orm0 an e 8 (&1 9
Fis . B 8 AT FEROEIES: KR TEIE T, M-l
RE RG-S NI RGAEMKI A 1A B
A REWE A HL R B fr T oK . HT I 9 TR FE XU 4 4k
INEAEIET Ak K B X018 B R G 70 98 B2 45 N
A7 62% WY BERGE ) 1 REWS 15 3 i 19 7 17 75 K
HAR SR A Z T ROG-7K R G EE A
P9H 56% W B R G0 71 R 1 e v I £, HLH:
A 17 ARBOT RS, TR K KOE-RE &
GERENS 1E U B2 31 PN RE A5 19 A2 H I 70 £ 75 5K T XL -
IR RGATIA 4 A B o e v R 67 fap 7oK, HL
A 21 DI AL

- HE-RF TR Ak DR
— WSk —— EM R

0 12 24 36 48 60 72 84 96108 120 132 144 156 168
i E]/h
(a) M7k

3000 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Hf ] /h
(b) oK
700
600
500
400
2300 |
S 200
2= 100
0
-100
200
0 12 24 36 48 60 72 84 96108 120 132 144 156 168
Hif ) /h
(c¢) FKil

B8 MAEZAEZHR L BERFER L KRS
EARRETHH LR
L5 EPR AR X R GE IR R K-
TR E RG-S WL K R BRI T B REE A PE h
AR G, TEA R AR & T, KOL-IRE &
Gy T BRERRE IR AL T XL K RS,

4 £

a. DA D/ NTieTR 25 B sl A ) R T ROl
RE R B AN AR B AR A A5 e
FEROGH 7 H B 6 K e R S /N R S TE T, Al
RSB 7K R G0, WETR B R G KOBTE 955311
PR T 14.00% Fl 4. 60% , T 4% i ff 5 22 ¥4 1
100. 00% , 31 T 455 50 7E R Hh T 8 1k 2 A T 1Y
AR,

b. kit BRI S AR TS
FFE S K-means J75 40 AR L2 4RO ) AL

- 64 - KA K A, 2025,45(4)  Tel:025 - 83786335 E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn



M- E TRE k%
— WKy —— R R

-100
-200}
B0l
0 12 24 36 48 60 72 84 96108 120 132 144 156 168
A [a] /b
(a) ik

-200

0 12 24 36 48 60 72 84 96108 120 132 144 156 168
A )/
(b) KM

D00 ey
0 12 24 36 48 60 72 84 96108 120 132 144 156 168
A ) /h
(c) FKiY

B9 RtEshEMR- L RERSES
Rtk RGERBNERE TR H A
SOMUATTE 5 LR KGR E R KOG
YRR LR TK RGHEE T 8. 56% , T4k

far 7 22 BB E AR T 99. 38%

c. TEFIKIASEAK W], KR E RG34
T 2 bR IAE AT 2 A i KO L i UK BE A TE 2 At
F7 R ok, DA 5 i 48 & e 5 T A6 A K 309, K-
TRE ARG SAE T RERE T 0 KOG T A B 43
TC 76 8 B A A A5 B B 22 v, DT B A b il A2 i TR
ey 5 >R AN KOG T L

SE

(1] 5B R, REE IR, Bkrb A H AR TR g Al ) R0 Pk
S REERT]. P E LT oA, 2022,42(8) - 2806-
2818. ( ZHANG Zhigang, KANG Chongqing. Challenges

and prospects for constructing the new-type power system

towards a carbon neutrality future[ J |. Proceedings of the

CSEE,2022,42(8) :2806-2818. (in Chinese) )

[ 2] BEM,RBT, W, 55 AT gL [ K i
JEE ) R FEHERE[ T ] KA %412, 2019, 50 (1) : 112-123.
(CHENG Chuntian, WU Xinyu, SHEN Jianjian, et al. A
state-of-the-art review of China’ s hydropower operations
and the recent advances in the era of gigawatts [ J].
Journal of Hydraulic Engineering,2019,50( 1) ;112-123.
(in Chinese) )

[ 3] g, T, BEH, % KROCHEA RS RIEET K
AL AR AL [ ], KR 2, 2022, 53 (11) .
1291-1303. ( SHEN Jianjian, WANG Yue, CHENG
Chuntian, et al. Flexibility demand quantification and
optimal ~ operation  model  of  water-wind-solar
complementary system [ J ]. Journal of Hydraulic
Engineering,2022,53(11) ;1291-1303. (in Chinese) )

[ 4] shiibss BRESFR. AR T B0 LI 9K AT
R L B T [ 0], K A K R R 2022, 42
(3):32-38. (HAN Shiliang, CHEN Tailin. Future power
generation prediction of cascade reservoirs in upper
reaches of the Yellow River under climate change[]].
Advances in Science and Technology of Water Resources,
2022,42(3) :32-38. (in Chinese) )

[ 5] FESCR IR, 2l te | 25 A2 VL AR IR AL /K XOE .
AME I B AT LU SE [T ] KR 2240k, 2023, 54
(4) :439-450. (WANG Yimin, LIU Shifan, LI Tingting, et
al. A comparative study on the short term operation modes
of water-wind-solar energy complementary dispatching in
Yalong River Energy Base [ J]. Journal of Hydraulic
Engineering,2023,54(4) :439-450. (in Chinese) )

[ 6] /Ny, 5P XU BE 45, VTR b e 2 H ol A= 25 00
JERFTEBLART T ). /KR K L B 3 JRE L 2022, 42(5) - 8-
14. (JT Xiaopan, TAN Ping, LIU Yuan, et al. Research
status of ecological operation of cascade hydropower
stations in the upper Yangtze River Basin[ J]. Advances in
Science and Technology of Water Resources, 2022, 42
(5) :8-14. (in Chinese) )

[ 7] sl Bl , 200, 5. 07K LB S0 e/ 9 7K
HCEAMEAT IR T]. KRR B i i, 2022 ,42
(6): 15-20. ( HUANG Xianfeng, YAN Shankai, LI
Dacheng, et al. Research on  hydro-photovoltaic
complementary rules for minimum influence on hydropower
benefit[ J]. Advances in Science and Technology of Water
Resources ,2022,42(6) :15-20. (in Chinese) )

[ 8] B/NeE, AL E W RV, 5. LIRS UK 35 RE F b
IKPEPHBERL R 3 MT (] K T K 2741, 2010,29(2)
145-148. ( HUANG Xiaofeng, JI Changming, ZHENG
Jiangtao, et al. Analysis on reservoir operation efficiency of
Baishan hybrid pumped storage power station[ J ]. Journal
of Hydroelectric Engineering,2010,29(2) ; 145-148. (in
Chinese) )

[ 9] B, 77, Xk, 45, 5T Btk NSGA- T 5k i

KA K A, 2025,45(4)  Tel:025 - 83786335 E-mail :jz@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 65 -



GOKIFEZ BARUATRIEL 1], AR AR B 2, 2024,
44 (4).51-58. (HUANG Xianfeng, WANG Ning, LIU
Zhijia, et al. Multi-objective optimal operation of cascade
reservoirs based on improved NSGA-II algorithm [ J].
Advances in Science and Technology of Water Resources,

2024 ,44(4) :51-58. (in Chinese) )

[10] B, JASIL, 505 ML, 5. 26T BB KO oAb

AU M 75 i B 7 SR E [ 0] AR K L A £
JE, 2024, 44 (1) 44-51. ( HUANG Xianfeng, ZHOU
Yinhang,ZHANG Qifan, et al. Capacity allocation scheme
optimization based on cloud model for a hydro-photovoltaic
complementary clean energy base [ J ]. Advances in
Science and Technology of Water Resources, 2024, 44
(1) :44-51. (in Chinese) )

(1] 2ok, Bt oA it & TR ol &5 v i 86 K %

IR EE L], B RGeS A B Al , 2014,
26(12):41-48. (LI Wenwu, HUANG Jin, GUO Xihai.
Mid-long term optimal dispatch for the cascaded reservoirs
operation with hybrid pumped storage power station[ J].
Proceedings of the CSU-EPSA,2014,26(12) :41-48. (in
Chinese) )

[12] JgR LB, T/, 2. TR 3 IGES il F ol A

FoK RGBT, W R4 A Bk, 2010,
34 (4).:29-33. (SU Xueling, JI Changming, HUANG
Xiaofeng, et al. Optimizing operation of the hybrid
pumped—storage power station between cascade reservoirs
[J]. Automation of Electric Power Systems,2010,34(4) ;
29-33. (in Chinese) )

[13] JURASZ J. Modeling and forecasting energy flow between

national power grid and a solar-wind-pumped-

hydroelectricity (PV-WT-PSH) energy source[ ] ]. Energy
Conversion and Management,2017,136.382-394.

[14] ZERpk, W 2 BRI 45 5 IS SC MR KOG & 5

R RGAZ AT T]. B R g L A S,
2019,31(11):92-102. (LI Shulin, DAT Jiatong, DONG
Haiying, et al. Optimal operation of wind power-
photovoltaic-pumped storage joint power generation system
considering correlations [ J ]. Proceedings of the CSU-

EPSA,2019,31(11) :92-102. (in Chinese))

[15] TANG Yajun, FANG Guohua, TAN Qiaofeng, et al.

Optimizing the sizes of wind and photovoltaic power plants
integrated into a hydropower station based on power output
complementarity[ J ]. Energy Conversion and Management,

2020,206:112465.

[16] XURKET, M, Bk, 45, G oo iR R & U &

SR AR [T ], e MR, 2025,49(3) 1 1217-
1226. (LIU Xinyu,LUO Bin,CHEN Yongcan, et al. Short-
term peak shaving model of cascade hybrid pumped

storage retrofitted from conventional hydropower [ J ].

- 66 - ARAY K AR R 2025 ,45(4)

(17]

(18]

[19]

[20]

(21]

[22]

(23]

Power System Technology, 2025,49 (3) . 1217-1226. (in
Chinese) )

IR R R BT, 4. B IR G UK RE R Y K
JeE AN AN AT I [ )], KRBT AL 572, 2024, 42
(8):173-177. ( FENG Chen, CHANG Gaosong, TAO
Xiangming, et al. Short-term complementary operation of
hydro photovoltaic mixed pumped storage integrated power
system[ J |. Water Resources and Power, 2024 ,42(8) .
173-177. (in Chinese) )

T ZEAREE, A5 T I T IC AR K KOG &
AGMRACBITHITEL ] AR KRR, 2024(3)
8-15. (YUAN Chuan, LI Bo, LI Xiangrui, et al. Optimized
operation study of a cascade hydro-wind-photovoltaic-
source-load

storage complementary system based on

matching[ J ]. China Rural Water and Hydropower, 2024
(3) :8-15. (in Chinese) )
FU Yiwei, LU Zongxiang, HU Wei, et al. Research on joint
optimal dispatching method for hybrid power system
considering system security [ J ]. Applied Energy, 2019,
238.147-163.
LI Jinghua, WANG Sai, YE Liu, et al. A coordinated
dispatch method with pumped-storage and battery-storage
for compensating the variation of wind power [ J].
Protection and Control of Modern Power Systems,2018,3
(1):1-14.
TIRR, TIAR XIS, 45, ZRIRE SaliFE R E =X
B KOL R AN RGE BB AT LUARSE[ D). o R 58
P30 5 1, 2024, 52 (10) ; 179-187. ( PENG Yumin,
WANG Xuelin, LIU Dexu, et al. Comparative research on
the dispatching operation of a hydro-wind-solar-storage
complementary system considering configurations with
hybrid and pure pumped-storage hydropower plants [ J ].
Power System Protection and Control,,2024,52( 10) ; 179-
187. (iin Chinese) )
IR, AT, o, A5 BB A Mg RE X T RE IR Y 4 40
A 20 B ()] KR 2 41, 2022, 53 (11) : 1280-
1290. (MING Bo, CHENG Qiuyu, HUANG Qiang, et al.
Analysis of long-term consumption effects of cascade
complementary energy storage on new energy| J]. Journal
of Hydraulic Engineering,2022,53( 11) ;1280-1290. (in
Chinese) )
BASFAR SRORHE, 2 A K B RE 5 WUl DBIRIR &
REARFEBETIL[)]. ARKIT,2024,55(4)
244-251. (HU Xuedong, WU Laiqun, YUAN Yu, et al.
Study on capacity configuration of pumped storage, wind
power and photovoltaic combined power generation system
[J]. Yangtze River, 2024, 55 (4 ). 244-251. (in
Chinese) )

(SRR F99:2024 -07 -29 Sl . B )

Tel:025 - 83786335 E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



