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Fig.1 Structure diagram of variable speed pumped storage unit

AT Tk A0E 0 HT AR IRE R B B AL ARSI 5 AT R

PR ARG R T, RGEE T RERS I 1 R
Iy, DVSPS HR XU FEATL Y 4% 5 F I ik
ARAT AR A TR AR AL
DVSPS H AU B HL LAY 5[] 25 HL L
—3, 1M DVSPS HOSUs B AL 5 2 X FR
AT =GR, DVSPS R XU IR HE LA AL
e SR AN R AT
ni=n,*n, (1)
FCH g, no, 0 43 5 DVSPS H XU RN HL AL Y
R MWLM SR | R AL e

ny

LS R
fr= 60 V760
gy

£ A 300 DVSPS R XU R R ALY SE T
] F 37451 2 RN - Pl SRR
1.2 ik R E GRHULLL IS B 45 M T

LG8 7K & REMLALAE L I rp = AR I ]
TR VEATA DR, LA e L AN [ s B
AT T K oA T R IR BN X, A Gedt/K & RepLa
W E DAE R (U T D T, Bk T
TXRBIED)FIE AT, RRPR T I T R
BiETTRE S,

DVSPS {4 DU R 817 B F i Al
T, ELA PR e o G g ia A TR AT
SEVERBRSAEFTIE A RGP R AEER

DVSPS 78 45 i 4 il 32 2240 45 X0 42 il AL
] AE R, X R L JRR P s il T LA S
PRIC2E 45, AR o] AR AUk

(2)

K,\ .= . )
K.P+f‘1)(zd —iy)+wLi +eq
¢ S

Ug=—
, , (3)
l%:—(Km+!§L)(g —iy)+oli,+e,
R R A 1 7 A
K 1

() ()
KK, K, N DVSPS i Ll R 40K, K, M
DVSPS HBUSr 2550, 4 DVSPS [ d i 2% 1
Vi sua 9 DVSPS [ BB E
DVSPS 3] 2 - sl v
¢s(l:¢s
(pxq:O

*
g =

K, .+

(5)

- 965 -



T RERETR

AL EFE FHRITLCR RN
R
L™= Ly
- ()
ist ( 'vbs_Lm ird )
FH g, g, 00, 5349 DVSPS H XU RGN B ML
JE T HERERY d,q,0 Byt i, 00 9 DVSPS XU
Tt FELBL Y 2 T HL I .
DVSPS Jf: W J5 X5 B, o ML &% F LR S5
R e 2N

(7)

i,
LT PR s TR R
(P -P)

S Ky,
L= ( Kp+—
i (8)
= K (0 -0)
IR ) - H S A il AR

K, \
il . .
U= ( Ki[’+ s ) (er _lld) +Auul

9

U= ( KiP+ K" ) (i,.q* —irq) +AuIq

S

S5 fyh K B REALAL SO e, DVSPS Al 7R
— 0 WG DY R T, T 3% ity R )
P TR
2 FTRETRIE IR W gE = S E R LR
2.1 TidIGERIAFRBRL LRSS

DVSPS % AR S H i 28k i Je ksl k Z fig
HARZ — ,DVSPS HA R e Ay | AR fE 4 &
AEJT5 TV IRl iz RS SR e 1 IR
P RGBT S . DVSPS REGS [ HLLH B4R
PREATRORIET) 2.8%~4.7% ., 3% 1 M HLE A
KEREHLLL S DVSPS HEREXS LIS, SE4lKE
REHLALAA L, DVSPS JE€Y;fE J1 7l i 0.50~1.0 §7K
% 0.38~1.0, DVSPS Fhi7K 4 i 78 #&  FEl AT ph 47K
AR T 2 8E PRI 0.55~1.0,,

WE 2 fizs, DVSPS K A= G, JFH
INELYFE— RE A TS L AMK RE R W, 7EIXFRIE L
T, 2B AR A IR N R G B Ay, i It A
IR fu ey (BN e /NG ) Bt BORE 8 4 67 i il 28 1) 4
R —E IR RS, ILAh, AR h 23T 12345

- 966 -

2024,42(7)

F1 EERSTHEIMKEREVIAEMEREII
Table 1 Performance comparison of constant speed and
variable speed pumped storage unit
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Fig.2 Relationship between pumping and load regulation of
pumped storage unit
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Fig.4 Schematic diagram of the external transmission grid of
the new energy base and its supporting pumped
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Fig.5 Statistical results of photovoltaic output
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Table 3 Configuration scheme of the outgoing base
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Research on energy balance optimization control method of
new energy sending end power grid based on
variable speed pumping and storage

Wang Jing', Sun Fan', Li Hui', Lan Yu?, Chen Yanbo’
(1.Northwest Survey and Design Institute of China Electric Power Construction Group Co.,Ltd., Xian 710061,
China; 2.Huaneng Lancang River Hydropower Co.,Ltd., Kunming 650220, China; 3.School of Electrical and
Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract; Aiming at the problem that the complex coordination relationship of the sending—end
power grid with high proportion of new energy and pumped storage combined power generation
may lead to insufficient new energy consumption capacity, an energy balance optimization control
method of the new energy sending—end power grid based on variable speed pumped storage is
proposed. Firstly, the operating characteristics of variable speed pumped storage units are
studied, and the active and reactive power output characteristics of variable speed pumped storage
units based on frequency converter control are analyzed. Secondly, the variable speed pumping is
used to analyze the improvement of new energy generation capacity, and the energy balance
optimization model of the new energy sending end power grid is established. Then, the quantum
particle swarm optimization algorithm is improved, and the energy balance opti—mization control
algorithm of the new energy sending end power grid is proposed. Finally, with reference to the
delivery mode of new energy base in a certain area of Northwest China, a typical scenario of
variable speed pumped storage power station and conventional pumped storage power station
cooperating with new energy is constructed. The improved new energy consumption capacity of
variable speed pumped storage power station and conventional pumped storage power station is
compared. The simulation results show that the energy balance optimization control method of the
sending end power grid based on variable speed pumped storage can improve the utilization rate of
new energy and play a significant role in improving the level of renewable energy consumption.

Keywords: variable speed pumped storage power station; new energy consumption; photovoltaic

power station; particle swarm optimization algorithm
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