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Fig. 1 Schematic diagram of collection access
system for renewable energy power plant
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Fig. 2 Structure of a simple 20-bus system
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Table 1 Calculation results of various short-circuit
ratios in a simple 20-bus system

IR E?:P;ﬁ\%A E;jﬁ/l:/j[]\gj SCR ESCR WSCR CSCR
PV1 8439.7 2400 3.517  1.792
pPv2 8439.7 2400 3.517  1.792
PV3 4142.3 800 5.178 1.792  0.973 1.792
PV4 4142.3 800 5.178  1.792

PV5 4142.3 800 5.178  1.792
HEE RS 12 902.0 7 200 1.792
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Fig.3 Structure of a 27-bus system
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Table 2 Calculation results of power flow and ESCR of system

it ESCR

CERYS P+ jQ/MVA 1 /p.u. AHAA /() S/MVA ESCR
JSVG T SVG
PV1A 160040 1.042 65 25.00 5980.9 1.4814 1.483 8 1.480 3
PV2A 160040 1.042 65 25.00 5980.9 1.4814 1.4838 1.480 3
PV3A 1120450 1.050 10 26.09 4 564.7 1.4437 1.4459 1.4419
PVIB 800+j0 1.032 79 17.75 4521.6 1.8270 1.8309 1.8316
PV2B 80040 1.032 79 17.75 4521.6 1.8270 1.8309 1.8316
PV3B 128040 1.032 37 18.33 5950.8 1.7919 1.795 4 1.7959
SVGIA 160 1.035 54 22.73 7036.9 1.566 3
SVG2A 160 1.035 54 22.73 7036.9 1.566 3
SVG3A 112 1.043 02 23.85 5456.5 1.5227
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Fig.4 AC power grid of renewable energy clusters at
ultra-high voltage DC sending end
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Mo R ASERREB R G, OO A B A i Ak
1 330 kVIL &3 G H TR L % %% 15 & 50 Mvar
B oA JHAHBL . A ER 5 4.2 46 8K EN
750 Mvar (AL, 20 M HTRE R B A #10 10% . A
SCHE— 25 43 AT WA ATL XS 35 A VR 45 A 2 A R ) 5
M e A H o

VA AR ML ) 20 & s L, A 45 (6 PR B L R ol &5
JEE P9 BT Y VR, 42 A S S 4R T BT BE IR 1) 2 B
75, WA @ BB A B BE T, B X ESCR 2
AERTFER LT R E S AR MSHA X, L
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Table 3 Calculation results of ESCR for some renewable energy power plants

AN A AMERLET 19 ESCR

LA i, v P/MW S./MVA SCR -
SVC SVG DR SIIN

AR A PV-Al 100 703.7 7.036 7 1.407 3 1.5121 1.550 8

o PV-B1 50 261.1 5.2210 1.170 0 1.236 4 1.3117
SeRIC4E Y B

PV-B2 40 208.0 5.2010 1.2650 1.343 1 1.416 8

o PV-Cl 100 429.8 4.298 1 1.257 3 1.372 4 1.389 8
FeARIC &Y, C

PV-C2 90 716.0 7.9553 1.4618 1.5720 1.6125

KL I A3 D WE-D1 80 603.3 7.5412 1.356 4 1.492 2 1.485 4

JRUEL I i E WE-E1 120 855.5 7.1295 1.216 4 1.340 6 1.3575

LI #E i F WE-F1 90 433.6 4.817 4 1.362 1 1.4351 1.497 8

o PV-G1 150 818.6 5.457 3 1.417 2 1.4775 1.568 7
JEARIC S G

PV-G2 99 685.1 6.920 3 1.4187 1.479 1 1.570 4

o PV-H1 150 853.8 5.692 3 1.554 3 1.614 1 1.7118
HeARIC v H

PV-H2 200 1934.9 9.674 4 1.999 4 2.128 7 2.177 3

FEARICEE UG 1 PV-I1 150 817.4 5.449 1 1.524 6 1.608 4 1.676 0

R SR WEF-J1 100 667.8 6.6777 1.8886 1.982 6 2.060 4

KUHLIE 4 3 K WE-K1 100 712.6 7.126 4 1.416 0 1.555 6 1.549 7

JEARAICHE 3 L PV-L1 100 720.0 7.199 8 1.358 4 1.443 4 1.502 9

WESCR 1.4137 1.559 7 1.558 4

F4 SHXFENERAT L

Table 4 Effect comparison of distributed condensers

N TCI AL AL TR/ 0
b SCR ESCR SCR ESCR SCR ESCR

PV-A1 7.0367 14073 7.2432 1.6220 2.9 15.3
PV-B1 52210 1.1700 5.3754 1.3252 3.0 13.3
PV-B2 52010 1.2650 5.3484 1.4449 2.8 14.2
PV-C1 42981 1.2573 44647 14377 3.9 14.3
PV-C2 7.9553 14618 8.2556 1.6958 3.8 16.0
WEF-D1  7.5412 1.3564 7.6138 1.5250 1.0 12.4
WF-E1  7.1295 1.2164 7.3622 1.3802 3.3 13.5
WE-F1 48174 1.3621 4.9813 1.5661 3.4 15.0
PV-G1 54573 14172 6.3273 2.0826 15.9 47.0
PV-G2 6.9203 1.4187 7.8484 2.0857 134 47.0
PV-H1 56923 1.5543 6.5028 2.2283 14.2 43.4
PV-H2 9.6744 1.9994 10.5954 2.8031 9.5 40.2

PV-I1 54491 1.5246 6.3232 2.2116 16.0 45.1

WF-J1  6.6777 1.8886 6.8440 2.3871 2.5 26.4
WF-K1 7.1264 1.4160 7.2991 1.6087 24 13.6
PV-L1 71998 1.3584 8.1866 1.8482 13.7 36.1
WESCR 1.4137 1.809 7 28.0

15 G 43 A5 S AP A S L 37 GE IR OF W 0 i &
HL % AR T K AR 1% ~16% Z 18], KA 4245 4%
A AR BL BV 3 T e B RE IR FRL B R T R A
10% LA b o 1l ESCR 7K ¥ $2& F i B AE 1206 ~47%
Z 18], 2 e 43 A P AR AL A TE 4R 35 N JE BT RE VR A U
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WSCR XFF P I 90 it 58 B 2 SCAS B Ay, AS e s
H, CSCR F1 ESCR 7E 15 it FH J7 18 47 75 — & 1)
Ao A CH Ak ESCR ATINAL ESCR 547
PLRRE T R C Y AME R A R RETR A B T T
BELBT A1 A0 B AR £ A B2, JF RE 45 SR T B 1RO
) 35 B 46 A% L A HL B ESCR 77 1 BAT 3 I ARG i
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Improved Calculation Method of Equivalent Short-circuit Ratio for Power Generation Cluster of

Renewable Energy

ZHU Lingzhi"?, QU Linan"*, LIU Chun"*, CHEN Ning"*
(1. China Electric Power Research Institute (Nanjing), Nanjing 210003, China;
2. State Key Laboratory of Operation and Control of Renewable Energy &. Storage Systems (China Electric Power Research
Institute), Beijing 100192, China)

Abstract: Short-circuit ratio (SCR) is an important indicator to measure the grid-connected strength of power access points. The
probability of oscillation and voltage instability for renewable energy power plants connected to the grid with low SCR is higher.
First, for the scenario of the grid-connected renewable energy cluster, this paper analyzes the applicability and deficiencies of
calculation methods of weighted SCR, composite SCR and equivalent SCR that are commonly used. An improved equivalent SCR
calculation method for the renewable energy cluster considering reactive power output of renewable energy, static var generators,
impedance angle and initial phase angle is proposed. Then, based on a simple network, the relationship between the proposed
calculation method and the conventional SCR is proven, and the influence of the reactive power compensation method on the
equivalent SCR is analyzed. Finally, combined with typical calculation examples and actual renewable energy base with ultra-high
voltage DC transmission project, assessment and application study of power grid strength based on improved equivalent SCR is
carried out, and the effect of distributed condensers on strengthening the grid-connected point strength of renewable energy power
plants is further analyzed.
This work is supported by National Key R&.D Program of China (No. 2016 YFB0900100).

Key words: renewable energy cluster; power grid strength; short-circuit ratio (SCR); weak power grid; broadband stability
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