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Fig.1 Flow chart of reactive power scheduling in wind farm
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Table 1 Wind turbine parameters
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A operating mode
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Fig.5 Reactive power curves of wind farm in

C operating mode
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Fig.6 Reactive power curves of wind farm in

D operating mode

H & 5,6 AT, bt UL AT 90 D)2 3
XU 37085 [R) IsHE ] SVG L, ES FXAILE JCEh 3 5
16 C BT ST, T XML TS A 2 50ms
T SVG M ES B RIiA R, e TcY7 e
i (P, <ps), XHIZEE SVG,ES AT £ F K
BLTEE, 78 D isf7 70T, T RBLAY TC I A
AR ZEME/NT SVG A ES B TEI AR5, TEM
Yoy 5E I (P, <pe) , X HL 375 P8 BE XL Y T g
Z T SVG,ES 1Tc, Ktk , XA 8 AN R JC
PEIR A S H I AR R B A — e O , 7R
KHZ T FE i, T A R AR To ) 5% 5
PR R 2 T 0 AR R B 0E ) TC I BEE

FH M N BARRIILE T (ci=cr=cs=
0), s KRy JoHhth Zean &l 7 fios .

100
- SVG &l
80 ~ RS
60 | = FHIRHLED)

— Wb Q,

40
20
=== e
=20

Tl i/Mvar

0 155 31 465 62 77.5 93 108.5124 139.5
Wit J1 PMW
7 MRE/ME R 37 T Th B £k
Fig.7 Reactive power curves of wind farm with minimization

of power loss



HOm,E

B TR B R A6 R G RACE AR

R FEAR TS 0T XU 37 [ P i i
SVG,ES FXALIYICL , il K] 3~7 S0Hrn] A, A
SCH AR T R JC T B IR A B A B9 XU 3 1 Ak 7
5 A BB E AR BB, RS AR A R AT R
A FFRBE KL TC T

K8 o Assfr iU F ANFE XL 55
I, 23 BIR AT B T2 ¢ PR IC A Y 245 T
A g/ N FAR B 75 1 A b B /N o HAR BT %
AL PR A28 KL JC DI 2k

0.02
5 000
=
= -0.02}
=
= -00
R — LA AR RN
~0.06} - [N
1 10 20 30
AL
(a)P,=15.5 MW 25 XUBLIED)
0.20
AR [EEE4N
. 015
g
£ 010
=
= 005
= 000l
-0.05
1 10 20 30
KL

(b)P,=62 MW H 45 RHLICL)

— LA AR RN [CEEEN
04
5 ,,,,,,,
= 0.3
R
E 0.2
=2 0.1
R i
0.0F
-0.1
1 10 20 30
KHLG =
(¢)P,=93 MW 45 RHLIC
1.0
0.8
% 06 ,,,,,
<
e
K] o.
R j — G AN
0.0f
! BCE YN
-02 ‘ : :
1 10 20 30
KbLGi =

(d)P,=124 MW H £ RAHLTC )
8 ABTHAXTERN LI L
Fig.8 Reactive power curves of wind generators in

A operating mode

L 8 AT LA dRe /N R H A, 3 S 8%
/MBS (P,=15.5 MW) , RUBLIR WS TG 2 5 i KU
BRI (P,=62,93,124 MW) , LLZ5 & A fe /N Ky
Hir, AETE P=124 MW i, XAL2 & H 0D, H
e K& TCE/ N T W e/ N oA BARES BT & e

VNGRS ILT 64 A5, T 1835
kV BELR T 2 O 220 KV BEEZR 5 5 3~33 S XL
PSR ZRAR A EEL | 19 55 34~64 S WALAS K 2%
 EOREL . PR LAL 7 i F e 3 A dn gl 9 e
No

1.10
[REZEEZN

—_
[=2

W

Ry
H Y'

LRI {EL/pu
é s

0.95

TR

(a)P,=15.5 MW I} e [R50 A

=
=
=
=
¥
= 095
— LA AR RN
0.90
1 10 20 30
TR

(b)P,=62 MW I} L JE 434

o L
=
o
= 1.00
¥
=

0.95 — SGAMARN

- BN
0.90
10 20 30
WA

(¢)P,=93 MW I JE 4345

—_
—_
[=)

. 105
2
=
= 1.00
[
= .

0.95 — LR AR

""" (LN
0.90
10 20 30
Wi

(d)P,=124 MW I BB A3 A
9 REBFEES L%
Fig.9 Voltage profiles of wind farm

- 527 -



T RERER

2024 ,42(4)

MK T P=15.5 MW B, PR TG

R PR A BT T o X XU 3 P A T T, 46

PR B AR ZEBR B At s, P 2RISR 2 P,
F2 ARERNIZHEMTIE MR

Table 2 Power loss when different wind energy consumption
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consideration of voltage safety margin
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Reactive power optimization technology for wind farms
considering the reactive power resources allocation cost

Hu Pan', Ding Kai', Jiang Kezheng', Zhang Zhaoyi?, Lai Qiupin?, Liu Chengxi?
(1. State Grid Hubei Electric Power Research Institute, Wuhan 430077, China; 2. School of Electrical Engineering and
Automation, Wuhan University, Wuhan 430072, China)

Abstract. In this paper, a reactive power optimization method for wind farms considering the reactive
power resources allocation cost is proposed to achieve the optimal reactive power control under
different operating conditions. With the comprehensive cost composed of power loss and reactive power
cost as the objective function, the reactive power optimization model is established based on chance-
constrained programming, considering the influence of wind power fluctuations on voltage magnitude,
which is then solved by the improved interior point method. According to the actual operating
requirements, the proposed method can schedule reactive power of Static Var Generator (SVG),
Energy Storage (ES) and wind generators in sequence by setting reactive power cost coefficients, and
optimize the power loss of wind farm. The voltage violation risk is also controlled by reserving the
voltage safety margin in the voltage constraint. In the end, the advanced and feasibility of the proposed
method is verified by a simulation at an actual wind farm in China.

Keywords: reactive power optimization; power loss; wind power fluctuations; reactive power

resources allocation; voltage violation
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