F4TE KM LU B = S 2 4 Vol. 47 No.8
2026 4 8 1 Electric Power Construction Aug. 2026

HR-F-HBAE L LG BABR
$RQARAMEARE D

REE L2 FRAR!, BT, WEM, xmeLt, £AEM, O TKE!
(1. =R S5HaelA0E, Yﬁﬂjlzﬁ‘ BT 443002; 2. FEG /ﬁ&ﬂwﬁﬂjtﬁ TR O (S, 38
BB E T 443002; 3. [ WAL B A L W4 BB T 443005)

& E:LE MR R BRI P 11 3 17 R 5 S it g B AL B0k 20y 1 T ri 1) 2 45t ol Fr) (R %, e G s 580 4
SR E ARSI 48— R OK L S TR A RE D ) Y 22 i [a) RO i i Re A i LA L B 7k O vE 1T 4R
J5 85 AR RS- BB G K L 2R 8 HPokG 40 2 i 7K AILZE 9 K SRR, BB T ke 24 355 40 3 e 4 DX ) 308 1 e 2 9 oA B A
A - 28— B Bl s B K FL S 4l K B RE DM R ST RO SR 3 R RS 0k 2 5 5 — B BRI FH H Ak 2= it e R i
O E I, R B e A /N R T 2R Bl (45 A YR 25 SR e W, BT O vk AT 38 43 R K HL R e 0 S IR A A RE P IR O
B3 7K E BT SR I Rk 2l | H Ak 2 i RE M S R SRR 2 B B RE 4 T S A IR, 3 LR EAME il
PRHC T, DA 80 ] 2R e At ) RUBE D3R 3l (i R G0 5 H %R %2 0. 10% , B DE TBC BE R T 8 99. 85% , HL s HaL Ak
SEARREAE DA B B 1 1 1% A58 DT 4R LA & 0 V5 S T B0 i 5 IR SR Re e Z i o] RUEE 1Y
P EAS, BT RGN 5 s DEFECRE T, I R FRAR r A 2= A BE 2 T 5K, S it Vil e s b f B DAL T v 5
QL WA o N

SRR AR RO bl 5 22 Bsf (R RUBE 5 VR B AR 5 2 St R AL TIC B 5 VR B B M R0 s BB K v

FESES: TM73 XERFRAES: A X E 45 :1000-7229(2026)08-0188-18

DOI: 10. 12204/j. issn. 1000-7229. 2026. 08. 013

Multi-Timescale Coordinated Configuration and Operation of Hybrid

Energy Storage for Wind-Solar-Cascade Hydropower Systems
XIONG Wei'?, WU Feiyun', MEI Ning’, HU Qingbin', LIU Songkai'?,

GUAN Baoyang', DING Shuiping'

(1. College of Electrical Engineering and New Energy , China Three Gorges University , Yichang 443002, Hubei Province,
China; 2. Hubei Provincial Engineering Research Center of Intelligent Energy Technology , China Three Gorges
University, Yichang 443002, Hubei Province, China; 3. State Grid Hubei Direct Current Company,

Yichang 443005, Hubei Province , China)

ABSTRACT : [Objective] To mitigate the challenges posed to power grid security by the randomness and volatility of high-
penetration wind and solar power output in clean energy bases, and to promote their efficient integration and advance carbon
neutrality goals, multi-timescale nested optimization method for energy storage capacity configuration that considers the
coordination of cascade hydropower and hybrid energy storage is proposed in this paper. [Methods] The proposed method
accurately characterizes head loss, ramping constraints, and vibration safety intervals of hydropower units in a wind-solar-
cascade hydropower system, and develops a two-stage optimization model. In the first stage, coordinated scheduling of
cascade hydropower and pumped storage is employed to smooth long-period, large-amplitude fluctuations of wind and solar
power. In the second stage, the fast response capability of electrochemical energy storage is utilized to compensate for short-
term high-frequency, small-amplitude power disturbances. [Results] The simulation results demonstrate that the proposed
method can fully exploit the coordinated advantages of hydropower regulation capability and hybrid energy storage. By

leveraging pumped storage to smooth long-period large fluctuations and electrochemical energy storage to compensate for
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short-term high-frequency disturbances, a functional division and capacity matching between the two are achieved. Their

complementary advantages lead to an optimal final configuration, which effectively suppresses power fluctuations across the

full time scale of the system. As a result, the system’s curtailment rate is reduced to 0. 10%, the load matching degree is

improved to 99. 85%, and the required rated power of the electrochemical energy storage accounts for less than 1% of the total

installed capacity of the base. [Conclusions] The proposed optimization configuration method achieves synergistic

complementarity between cascade hydropower and hybrid energy storage across multiple time scales, significantly improves

wind and solar power integration and load matching capability, and greatly reduces the required capacity of electrochemical

energy storage. It provides reliable technical support for energy storage capacity optimization and efficient renewable energy

integration in clean energy bases.
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Fig. 1 Framework diagram of the wind-photovoltaic-cascaded hydropower system
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Fig. 5 Forecasted power output of the wind and PV cluster
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Table 3 Configuration results under different schemes

ey P LA i RE RLL2A i RE E gl ey

i : e B A 5/ - LH % /9
ViES W ARMW MW 2 EMWh WA (T T8/K) (FE/F) FEHLR %
1 90.0
2 134.0
FE1 30.26 1 342.90 0.140
3 20.0
4 19.0
1 78.0 0 0
2 135.0 0 0
EY 30.91 1 314.00 0.300
3 20.0 0 0
4 38.0 0 0
1 90.0 2.9 4.4
2 134.0 8.0 7.3
VEX 32.47 134451 0.097
3 20.0 5.1 4.4
4 19.0 5.6 8.0
1 172.0 689.0
2 161.0 578.0
EY! 103.00 1 288.00 0.068
3 53.0 115.0
4 37.0 86.0
1 85.0 3.9 5.1
2 128.0 9.2 8.5
TES 34.18 1320.80 0.380
3 18.0 6.0 52
4 16.0 6.8 9.5

el Z5 R 2 BB WIRA e LT
Szt RN Z RIS T8, TR 4 E
HL AL 22 A8 B, 45 BT I e B AOBERETPR 0510 172 MW
161 MW 53 MW 37 MW, % J7 8 8 %¢ BiAS i & 35
ARG EI AT R 1 288. 00 JT U0/ K, Fl RN K|
o X7 B L AL 2E Al RE AE PR AR R 48 5 L R AR
U (T SZ R A R A R . 58 S TRk
TR ] 220 7 Sk A58 2 AR B0 X, = Al T K H 3 1) S B
AT 25 a0 R S R B H AT T AR, SEPR
1B AT A fik K PR B X K Sk S 2 SR R T &
0. 380% ; H SR fj AL AR ALY /D T 3h 5 w030 4 9%, (EL 84
THAL SRR R s T A, B AR B
ThE
4.3 AEFEEEARTAEH 13T

T4 U B AR SC T R 22 st ) R TR TR A4t RE
Z5 a0 A E AR ) fE B, 8 0 PR A S A%
Ger kAT

FEHATBTT AUE B K E RS, IFLA 1 h R4y
PR T HRTPL AL B

FEIVHWNBAT FEHFE LHEA L, P15 min
R PRI H RS AL TR

FE3IH N7 RHIRAEREEE ik & fe

S5 1 h Hai b m B, s A4 E BE K HH 15 min 2%
H N TR AT 55

B 67 %6 1 AL D B h 7K & BE I 45 b7 i Y
HFriz 1745 %, % 7 % F B §rfa far JC e BE N
99.98% . M &l 6 0] LAFG i, 4% Wi i Y o A8 Ak 32 2
S I B TR R /0N B 2 A A IR U S KR AR AR 2 s B
Z A T RARA AR XS 2% | R AR BT8R FRRE -
TE K 732 4 T B B B gk LN K H
ok ZERERK R FEI 1w A KOG h, RS 3
HLR R 0.01% . MIBTTEEE 1716 0 F - Wi 1 5 Wi
2 KB RE S KB P E S 5, 2ol S48k
A5 HRE R AR A PR R — B R T ok E
REAE H A V8 B 2 1w R PH AE AT S fE TR AN Y
VEF s Wiim 3 5 Wrim 4, R G0 Bk 5 52 i i
0] 67 i A Ak R4 SRR DC T, R B 76 H e B RUE R,
K RERES Bl b S 2 umm NoR . HR T
O EACR U h 4y P H mn R B B b 4% W
Ty 2y 28 A8 /N I P R A 30 % 3T B 1B R 7 7T S N i)
RUBE U 3 i e B BE g, R AT o B RN
RN

Bl 6 ¢ B, AN FiE B il 7K & BE ISR H AR AE
i S FW 28 G5 110 i V- 18 0B AR TR A R AR T 4, {H

http://www. cepc. com. cn



5 8 1

AR, 4 < T ] K- BE K R e R IR A il BE 22 I 1] RUBE I R] I 1 5 05 17 199

T RE ) S BEAR B R e ) R, X6 s (i) R
Ty 530k 3 %) 2 ) 5 el 7 R A PR .
1000 7

800

<

EESTRRIEEE

—A—
[ZZ)
ez
vz
(7]
vz
[72)

600

>

=
~ 400
200

-200

04:00 08:00 12:00 16:00 20:00 24:00
N
(a) i1

1500
1300
1100

900

< 700

~

52 500

300

100
100
300

04:00 08:00 12:00 16:00 20-:00 24:00
A 2
(b) W2
800, -
(77
700
600
500
S 400
~
5 300
200
100

—-100

04:00 08:00 12:00 16:00 20-:00 24:00
A 2
(c) B3

04:00 08:00 12:00 16:00 20-:00 24:00
AT Z
(d) BrE4
6 ARI1ZHEEETE
Fig. 6 Day-ahead schedules of different grid

interfaces for Scenario 1

B 7 MAETT 21 HAT3EaE 51 A 15 min 23 R
HMEShHE G RGBT, Z T ETHNR

T VCC BE 4 99. 78% , 4 75 58 1 H AT FRAR , HF R7E T
7K & REMLLL B LB 1 ZE 3R 5 15 min RO R KOk
T B AR B 2 R A A S 3 AR A SR T, B 9
T B VR IS T AR A B ) adk v Bl DT E 55 T R
KR . X — G NSRS 7s T P—JhK B REAE
S IR 50 (A B R

5 6 A, B 7 v 45 W T T AR Ak B fin % 4
S et 2R 0 7 T A0 s () R e A U g R £ fr
S0 W N BE O R R . FETTET 15 T 2 R BT
AEVR 1 7 b e A8 1k i st BE DY, il 7K 35 fE 75 22 40 20
F A K Ty 2R DL VC B RE VR T AR Ak, HL ol R il £k
PR B A B DR ERAE , K B REARIE TR
SIS ) RUBE (A AT 55 o FE BT 3 S5 W7 4+, B A
H IR sh VA B 5, 2 5o % 52 din £ faf 10 BR 5 58 0 807
%1 HATA I T AR AR o3 i Be ATyl Uig 2145 ok B
IR o 31X B E T K E BESZ WL IR Y
JE B A5e /IR D R 2 S A I X v AL /DN £ A 0 3
HJE RS G B o 7R 43 B s S5 0B RE VR ) S A
B, RGP H NF RS, il RN
0. 14%. K78, 51 A HWNESHERREE S RS
XoF 3BT A R R 67467 358 s 198 i g A 3R (H AN K
ERERYNE LT, HAE e e ) RO T AR P B
RN AT 55, Z Y B PE 200, A0 L5 4 i e 1)
Rk B S H ) L

9001 --- i
| B FH
U i
700+ 22 s
600 UL
sool ez K

400}

P&/ MW

/MW

http://www. cepc. com. cn



200 WO 547 &
8007 PH A /NI T 38, ol oK RE B 5E H AT A
7007 P, AT 52 B AR GE i 47V R M AT e R A
6007 (¥ 7] 25 48 7.
5001
E 400r 900 -~ Fuk
% 3007 so0f =2 7
S ool 700} X
600} ZK
100 L
)| z
100+
ol
5001 —100}
00l R R TR ) E:J?Eﬁ 6 80 %
300l (a) BT 1
= 15001 - - 4 fif e Fi A 2 i P Ak 2 TR R
= 1300|228 7 i K s
B e KH
100 900+
§ 700}
or ﬁ 500}
. . . . . , = 300¢
100 0 16 32 Hij‘%{ 64 80 96 100}
(d) W4 -1001
E7 ARI1ILZWHEBARNIETE -300% 16 kW) 13 [ 30 9%
Fig. 7 Intraday schedules of different grid (b)ﬁﬂﬁ%z
interfaces for Scenario 1 800( - - 175 FiLAL 24 b A2
700 [ FLE i E R
V&1 8 o TR 45 1 i 2 55 % 5 22 I6F TR IR JEE B I ool o N
BE B IE AT 45 R L % O BT B LR 500}
99. 85% , T 71 o I 5 0. 10% . %25 5 I T ik Z 400}
T b XA AT R 1Y SRR RS T A DG T ﬁ 300}
S e K JA A G — Bork, O R AR E R K " 2000
TS 1) /0N B % B0 A B B, T DG TR R R B 1oor
P A 2 i 10 3 B 03 52 R 7 o 0 R I °l
4 58 R 42 B B 7T 45 15 mim S I R AT S
PR G A E P 7E R RE TR B e e B (c) W3
U7 T 1 o T L UL ) AL 2 G RE A B 5 0 S00] g i ca s smm i
5 AR TR G RE K LRI 5 90 o] R
Fy, A K B RE A 2 AR AR X S B2, 2 AR £ 350t
stz M3EATIRAS o S 7 AHG, oK 25 BB A7 A 4T 2 Sl
5] 25 22 5] B9 K 0 980 0 S 00> , 9 345 4 i £ 200

IR AT S5 Bt Al s i RE 2 4H o R W7 I 3 5
I 4 H L R G0 T A 3 i 0 A AR 1l B fR
FF B — B0, D) 3R B0 R S S, R P B
J7 582 R I QI B IR A LR . A B A2 AT
XtV 2% 1 I B, i A RE RS IR T 1 R GLas 1k
ASH MR , B bR LSS E) B 5 L O .

P 8 B, 3l ok 5 AN [ I i) RUBE b X 98] 19 4T 55
AT GBI, RS BE R GTRE S th AL AL~ 1 B /K

100+

—50t
—100%

64 80 96

=
—_
o
wl
o
N
(==}

i Bt
(d) Wri4
8 FARIZHEHNEITE
Fig. 8 Intraday schedules of different grid
interfaces for Scenario 3
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