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Abstract: Many wind and hydropower stations are connected to the grid in mountainous areas, which brings excellent
reactive power resources to the grid in the mountainous areas. The traditional regional optimization control method of
Automatic Voltage Control (AVC) relies on state estimation data. The state estimation data of the grid in the moun-
tainous area cannot frequently meet the real-time control requirements. The traditional AVC regional optimization
control method can not be implemented generally in the grid in the mountainous area. Moreover, these wind and hy-

dropower reactive power resources can not play an effective role. As a result, the voltage control of the grid in moun-
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tainous areas is difficult, the voltage qualification rate is low, and the power loss is high. To solve this problem, this

paper proposed a novel regional optimization control method of reactive power & voltage for the grid in the mountain-

ous areas based on the existing AVC system. It does not rely on state estimation data. According to the mountainous

area grids different voltage and reactive power control objectives. the corresponding optimal control strategy is pres-

ented and sorted by priority. An accurate selection method of 10 kV bus voltage control target value is proposed and

the control target value of 10 kV bus voltage is corrected periodically according to the station voltage in the power

supply area. The feasibility and effectiveness of the proposed method are verified by the practical application of a typi-

cal mountainous power grid. Without relying on the state estimation data, the proposed method can significantly im-

prove the voltage qualification rate of the applied mountainous power grid, reduce the power loss of the grid and, pro-

vide a large amount of reactive dynamic support power as well.
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Figure 1 The basic flow diagram of the proposed
regional optimal control method
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Figure 2 The basic flow diagram of the proposed

accurate selection method of control target value
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P TC O Fl, R o D Bk e AT A0 BB 354 H bR 10 kV
B2 A3 F 9 R P TR ) L R D) Bk e AT A5 3R 45
5 Bk AT AP BR 5

) FE HFR 10 kV B R R HF LAl & & A
R b — AR H AR 10 kv BEZ LR HARH,

ZEROIFIR

DHAWr E Yt E AR 10 kV BRZ i
HArERKTE T 10 kV BZHE K TR0 kV) i
WA AR (0. 1 kV) B 2 AL 75 B 57 » R
BB E AR b — WA H AR 10 kV 8
2L TR A (E U2 IR 1) B G A A 30 1 25 1
SEFOIFIR WKL AT LR 55

) F B R R E AR 10 kV B
HARE /N T T 10 kV B4 i R BBR (10, 7 kV) ik
FS T 4 B AL (A5 30 Y 2 R 75 BT TSR A

SEMBEE AR R b — AT A A bR 10 kV B4
HLIR B R B3 AL A AR (B 2 2 R 25 3R R
H 70 Uk A AT AP B 5

SYHE HAR 10 kV B i Ik fl, L EA
W b — Ut AR A bR 10 kV BEZe L HARE
ZEROITIR

3 SRR B

44 B PH H X HL )
FF AR 5 0 BT 8 7 ¥k . 2019 4F B BH b [X A 9] 25

LA g 1 784 MW, KUK B2 HL 2S5l 1 665. 4
MW, (5 this 5] 93.35% . Ho, JF M X ALY 9 &,
SAEHL A 827.7 MW, i 46, 40 % ; 3 W 7K Ha ¥ 632
JE, BEHL N 837.7 MW, 5 46.96% ., 2019 4F % &
ffif 1785 MW, -2 61 fif 900, 37 MW, HL, ¥ &
DA% 15 £ AH XA R, R 2 BT g B D
2019 JFBCAL 25 7% 332 4. 46 1 250, 59 MVar; B
bisk 16 41,45 148 MVar,

2017 4F LI AR BH s X H ) SR FH A% 5 14 HL R S
D T o BV AS s Fi, e 42 1) -+ DX R T8 ) £ Ak 1 45
il 05 TC A WU A X N A ST B R A X H
A 238 0 g i A G v o ) P, s i) R ™ L R 1)
PG R EB K HL A T b XL B 220 kVOfRAR LT
SF-IR AR HL il T XA R S

2017 4F 8 J JF I R T 48 A MR 25 Ak 4L
8 04 10 XA P L R G o X s Al s o . A% L
7K LK HL Ik 2 AE AR TR AN FL IR R TG ) XA Ak
il
3.1

N =R

BEAEE

BRPHHLIX 2017—2019 4F 10 kV B2 L & 4%
FRARNFER 1 FroR , 7T LB BT 4 5 vk A 1 2017
A8 HIF IR AR M oL G A% R K IR B3R T, BB &
AN A Fa T B, e T ) X P A A XL K KR 3
I 3R R0 L R A R 8 2017 4F BHL R
AHER K 89.08%, 2018 4E M EEF’M%%U@
95.34%,2019 M JESHE RN 98.31%, B
#09.3200, HorbRM A KBRS R RSN
2017 A1 81. 09 Yo #t i1 & 2018 419 93. 17 % . 1531
2019 419 98. 03 % , RPUEE 16. 94 %,

/"EI_J
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K1 AMBE 10KV EXEESKE
Table 1 The voltage qualification rate of 10 kV bus in the Shaoyang area %
#HHEEAHKE
EAy X 35k

1 2 3 4 5 6 7 8 9 10 11 12
2017 b 95.340 94.330 95.350 94.850 97.132 96.644 96.512 98.027 99.513 99.127 98.586 99.344
A% W 75.233 73.220 74.350 71.507 76.207 73.799 76.653 83.792 83.792 93.193 93.887 93.974
9018 ] 98.718 96.981 98.653 98.934 99.526 99.502 99.757 99.914 99.695 99.347 99.749 99.939
A% M 92.297 83.207 89.659 93.881 93.840 92.930 94.786 95.657 93.235 93.721 94.433 94.120
2019 W 99.808 99.808 99.487 99.810 99.753 99.954 99.845 99.986 99.960 99.943 99.742 99.979
4 96.380 95.198 96.465 98.187 98.602 98.400 98.965 98.349 98.032 98.477 98.795 99.233

2017 AF LA A BH H X AAT £ AR JT 58 A8 H
220 kV BEZ L B A A% R AR T 1002, 2017—2019
AEEEAR T T AR Y 220 kV BELR M R ERIE N 2 BT
7 ] UL BE S i £ 07 i i e, L BE B A0 A FL ) HL TR
To Ty DX A Ak A i 1 KUK L KR S 3, 220 kV
BEZEHL R SR R B AR & . RS B sk 220 kV
LR RS R T 2017 4E 10 98. 79% T & 2018 4F
9 99. 70 % , FE F TFZ 2019 4E1 100 % 5 52 PE7AS H 3k
220 kV BEERHLE A& 2017 419 97. 14 % LT+
% 2018.2019 1Y 100%

Fz2 AMEMBE 220 kV H &K B EKE
Table 2 The voltage data of 220 kV bus in

the Shaoyang area

i AR TLEA
T mRER KR BRAE AR
JEY=Re (100%) JSY=R'e (100%)
2017 423/25 040 98.79 1001/25 040  97.14
2018 70/28 498 99.70 0/28 498 100. 00
2019 0/29 146 100. 00 0/29 146 100. 00

e AT WL T O ik B E AR TR T I X M 10,
220 kV FRECHL R A A% %
3.2 HEMEEINRIRE

AR BH Hb X 2017 4F M 481 Ky 2. 55% . 2018 4E T &
H2.3200,2019 4EHE— LT FE R 1. 97 %, i 5t
H TC T 9« T B 7 A RIS T R X R AR FE
3.3 ‘oS EE

JIT 4R 5 35 7 B BH M XA R SE BT L X )
A KA I I HL 3 A A0S e I e R A T 44 T
TeI A =R 374, 6 MVar (&P H)) 454, 7
MVarCGEPETCT)) L A 24 F 2019 4F AR FH Ha X 25 M 6
e 253, 126 FIIEMETC I BE U8 36. 4%,

P T A 2 T ) U A K JEE G n L BB BH b
DX H, 3 I 166 FRL g 2 B VR R B b . 220 kV R
BRI, 3 WP R SRR BN 2017 4E 1Y 784 IR
TREH] 2019 4FE /) 521 R, FRET 33.55%;220 kV
fil BRAZ HL 3l 3 41 HL BT 2 AR BN 2017 4E 1 826
YR R3] 2019 4F 10 533 K. FRET 35.47%.,

4 HEiE

AR SCHE T — R AS AR S A T 2500 1 1 X
P B TG By DX 30 b 45 i O 32, O A R 1L X R )
SEBRH . B 2 A R e N R T, i Oy ik
FIRTET 10,220 kV BELRHL R A A% 5, B T HL M)
R AE AR AL T KM JC ) 2h 8 L) 5, 3R
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