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Abstract: To mitigate the impacts of renewable energy accommodation on the river flow regime and ecological integrity in
scheduling of hydropower stations on the upper Yellow River, a multi-energy complementary system ecological scheduling
model was established with the objectives of minimizing variations in river flow regime, maximizing power generation of
hydropower stations, and ensuring the highest stability of generation output. A multi-objective evolutionary algorithm was
employed to explore the balance among the generation output of the multi-energy complementary system, renewable energy
accommodation, and ecosystem protection of rivers. The results indicate a clear competitive relationship between power
generation of hydropower stations and river ecosystem protection objectives. The larger the fluctuation in generation output of
the multi-energy complementary system, the greater the power generation of hydropower stations and the larger the variation
in river flow regime. Moreover, the larger the inflow volume, the smaller the impacts of ecological scheduling of hydropower
stations on river flow regime, and the impacts are mainly concentrated on the indicators, including the numbers of annual
occurrences of high/low flow pulses and the average increase/decrease rate of flow. In the scheduling results with maximum
power generation in dry years, the indicators of the number of annual occurrence of low flow pulses and average decrease
rate of flow have the greatest changes.
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Table 1 Basic data of hydropower stations on the upper Yellow River
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Fig.1 Calculation results of ecological scheduling model

.23 .



S v el B AR AR (B e 2) i, X
RApas Rk —2 0,
3.2 EFMURAETEZRHANIESN

PAK L sl i A 5 B Aa AT e A i i ok R H
H T3 AR B e LA BT AL AR 1 S A A B /N o H
i, BCH RUBE S 57 B R - I 22 - 515 it K HL it IR
B AT SR ERRY 25 8K L ul (R ) X5 BE IR Y 7H
03T MO A B T R SRR R G R

N T o ZRE ARG AN R BE IR B A F T
R PR T A BB A B LA 2 HEAT 0T, 4
RUNE 2 P, AN 2 ] DU YA [ i B 4R 4% K
FLI A FL e AR 2 RO, BRI K H s
TPEREA R , 5 2 O S LR SR AGRIE
R 8 L 5 B R K Ll R v s O o R AR
T A R Y — Bk, RIAR S KB 3 JR P 7K
ul R AR, e — AR R I R TR R K
i R IR R, BRI R o R ORI
PN EERNR AR EZ R E ARG TR S T F
MRS B SRR R T BARIE T R GeAE
IKAFRERS ) AT REFI AR TR M RGE A AL T, I
Gb, T ZBE AN R GEAE MK AR S i T3 S/
F VKA EKAE, K L B AR AR TR T & 4
Ty L T34 Ry, % 2 BE AN R S8 A v T AR E

3.3 ATMUBAETTHRRSBEARRIE
Xtk

3 g STUAR K Bl R A SRR S il K H
MRS BRI AR L, N 3 AT LI
Fili AR AR o R A AN R i 2 1) 22 S A, 3R W
il KA 7K PR TR A 28R B X A2 0 4 BB AR EE A Y
Fo TERAUME 3 BT OLT K e b i R AR IR A
SRAR T AR 25 S e R, Ul WA /K HEL o AR 2R 2SR X
e AR 25 2R G B R R, Ul SR — BRIE SR A
PR AR R, 2 T 3 W o K Ll R iR A AR R S
AR RR IR AL . K A P BE T, PR AR
A S/ B B NG o i e d e N i e [ | D O S
FIARAR I Z ) ) 2 S 2498/ AELAE 7 53, AL A 3
AT B0 2 R i A = AR KR IR, AR AR, 7K
FEL R PEE O A A 1 A 1 582 W /) | A 52 B 8
it B L O TE A K AR K H b R ) AR 2SR

N T BE— PP AS ) LR AR 7K R A 2 T JEE
XS AR R THA SRAE 1 7K o il T 1l
TR AL, BRT R0, A SCE T SUZ B AR
AR AR B, B A A KT 1% B46 br Al
/INTF-0.5% HIFEHR, 45 R AN 4 s, MIE 4]
LA Hh AN TR SR AT 7K R 3l A 28590 B oF = fh 7K R
Ul THA 255 b A 52 e B AR — 0, 06 4 2 Az v /IR
0 SULYC S @bk SR B | B VR R N Eiop = AL LRI

R PN R MKAETE R AR 3 ST, i & T 40
w IR PR, R wBRZOK A, R L ) FlikaE R S s RERE S s RER TS
5000 5000 5000
& 4000 & 4000 & 4000
= 3000 = 3000 = 3000
2000 R 2000 R 2000
== 1000 == 1000 1 000
0 0
04-01 07-01 10-01 01-01 03-31 04-01 07-01 10-01 01-01 03-31 04-01 07-01 10-01 01-01 03-31
H 3t H 4] H it
(a) MiKAE (b) PR (c) FIKIE

2 HAFANFHEEIRMAR 2 WELEHANEHITE

Fig.2 Generation output complementary process in typical years corresponding to optimal solution 2 of

ecological scheduling model
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