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Joint planning of a transmission network and distributed variable speed pumped
storage for a new power system
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Abstract: To address the capacity allocation of distributed variable-speed pumped storage and its positional access in the
network when there is a high proportion of renewable energy, a joint planning scheme for the transmission network and
distributed variable-speed pumped storage is proposed. First, the operation and reservoir constraints of various types of
pumped storage, the output and ramp constraints of thermal power units, and the transmission capacity of the transmission
networks are taken into account, and a joint planning model between distributed variable-speed pumped storage and the
transmission network is established with the optimization objective of economic consumption of distributed renewable
energy. Then, the model is transformed into a mixed-integer linear programming model by a convex relaxation method,
and the joint planning scheme for distributed variable-speed pumped storage and the transmission network is obtained by
using a two-stage optimization method. Finally, two standard test systems are adopted for comparison and validation.
Compared to a fixed-speed pumped storage scheme, the proposed joint planning with distributed variable-speed pumped
storage can effectively coordinate with other flexible resources to accommodate renewable energy sources, leading to
approximately 20% overall cost reduction.
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Fig. 1 Structure diagram of Garver-6 bus system



- 130 - B R GARY 524

AT H AR R SO %A, 5
JEBUA e ra 0 e R A A SE PR BRI, T T [ R
HEL ) 2R G I i R I 5 0 A1 AR T il K B RE IR 5 R
K, PASEBA B BEIR I BRI A8
1.2 &, TEpKERENARETHE

KB BEVE BRI 2 N2 5 i
sk R AERE, 5 XOLEERAIVERT REIRA B 4T
MEAME, EEENMBM ARG, HKERA P
IBAT T AKEEHUAIKIR . 2 REdsA HL RIS
K E REISATAE KR T, KRR O REREAT
fifi A7, CLHANBEN BT R 2RIt i AN 2,
K& REIBATAEKEENL 0L, R At K BERE AL
HLRE A a2 i L s B, DTG A2 H B 7 5K

AR K REAH T MK B RIS £
FETHEAEREZ HE SR, T DR i
ISR €. REAKERNAAAN R TH T
s TR E A 2 . B 2% T ik E

1%
Himp aaepa 4
90
85
i (e
420 F
g
m, vz 15
400 S : §
S By
380 L =
T E s
By =1
60F Hiss &
Mo msS 2323 A
S I L A
: A 'T NN |
100 200 300
PIMW
(a) ZKEHL LA
A A%
H/m RE I
o frisde L4
85
H 360 r/min \ BN,
pma : Y \
420+ 7 > ‘
Ve A
350 r/min ‘EE z \‘%
400 N ‘ Ve =135
IERPEX N \\% V@ '\%
380 340 r/min \\‘ \ 4 =
N7 v \ \ 5
360 330 r/min ‘\ ‘\‘ ‘\\ \‘.‘ %‘
e 4 LLLLELLLLLEA N
Huw A0, Ye Yo, bl il B
L 'S 2 9 S &R
340 R R ERY B S
i = S ™ = ;
200 300 400
PIMW
(b) 7K T

2 MK ERENEIBITHE

Fig. 2 Operating characteristics of pumped storage units
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Fig. 3 Comparison of the results of two joint planning schemes
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Table 1 Cost of system planning
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planning for line bus 2—bus 4 of the Graver-6 bus system
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Table 2 Planning results of IEEE RTS-24 bus system
7-8
WL 12-23
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A3 100 MW

HRi7 14 MW

12 73 MW
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T 20 100 MW

TR 22 67 MW
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Table 3 Cost of IEEE RTS-24 bus system planning
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Table A1 Scene reduction probability
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W52 0.12 775 0.10
Y57 3 0.08 58 0.11
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Fig. A1 Wind and photovoltaic generation with scene reduction
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Table A2 Parameters of thermal power unit

W 1 3 6

K JI/MW 173 390 642
/M JI/MW 60 120 240

JEFE A/ (FT/MWh) 10 8 12
e % 2 /(MW/h) 100 250 350
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