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Fig.4 Maximum renewable energy penetration rate

under different control modes of renewable energy units
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Estimation method of maximum renewable energy penetration rate for multi-send
HVDC system considering security and stability constraints
CHEN Yixuan', WANG Guoteng’, LI Lingfang',YOU Guangzeng',SUN Peng', HUANG Ying’,XU Zheng’
(1. Planning and Research Center of Yunnan Power Grid Co.,Ltd., Kunming 650011, China;
2. College of Electrical Engineering,Zhejiang University, Hangzhou 310027, China)
Abstract: The line commutated converter based high voltage direct current(HVDC) system is an important
technical means for sending power generated by large energy bases. However, the increase of renewable
energy penetration will reduce the security and stability of sending-end power grid. In order to guarantee
the safe and stable operation of multi-send HVDC system, an estimation method of maximum renewable
energy penetration rate affordable by the multi-send HVDC system is proposed considering the security and
stability constraints. The expressions of various security and stability constraints are derived,including short
circuit current constraint, multi-HVDC short circuit ratio constraint,and the frequency stability constraint. An
optimal scheduling model for multi-send HVDC system is established considering the security and stability
constraints. A piecewise linearization method for optimal scheduling model is presented, based on which an
estimation method for the maximum renewable energy penetration rate is proposed. The simulative results
of a modified IEEE 39-bus system verify the effectiveness of the proposed method.
Key words: multi-send HVDC system;security and stability constraints; maximum renewable energy penetra-

tion rate;line commutated converter;piecewise linearization
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Fig.A1  Topology diagram of the sending-end power grid with multiple HVDC systems
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Fig.A2  Diagram of short circuit current calculation
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Fig.C1  Topology diagram of the modified IEEE 39-bus system
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Table C1  Main parameters of the two HVDC systems

SR AR HVDC, HVDC,
BUEH TFRIMW 2000 1000
HE H HLE KV 500 500
HE ELI BKA 4 2
HLB AR /Q 3.17 2.25

TN T £ B L 456 5.78
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Table C2 Initial probability and optimization probability of operating conditions

IREH B =Y S R
£EL 0.42 0.43
KRR 1-2 REN-1 0.09 0.12
4R 2-3 REN-1 0.09 0.10
4R BR 2-25 K% N-1 0.11 0.08
$RB% 3-4 KEN-1 0.09 0.11
RE% 45 RAEN-1 0.09 0.07
KREE 414 REN-1 0.11 0.09
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Fig.C4  Unit combination results considering multiple operating conditions
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Table C3  Multi-infeed short circuit ratio of the HVDC system under various operating conditions at 04:00

e e HVDC, HVDC,
=354 2.61 411
RE& 12 ZEN-1 1.94 4.19
LR 8% 2-3 K4 N-1 1.61 3.85
LR 8% 2-25 K4 N-1 1.61 441
B8 3-4 KHE N-1 2.51 2.72
LRB% 4-5 KE N-1 2.75 2.82
B8 4-14 KHE N-1 2.76 3.07
O KHL e FFHL
% ]1000000000000000000000000
) Rk e % ELVUERE HL 2
=
s
% . 000000000000000000000000
= 16 PR B L
=2

0:00 4:00 8:00  12:00  16:00  20:00  24:00

HTE] (h)
B C5 EEZTEMEHLLARAIGHE Gy MNBITIRES
Fig.C5  Operation status of unit Gz, before and after considering multi-infeed
short circuit ratio constraints
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