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Local decentralized voltage management of a distribution network with a high proportion of
renewable energy based on deep reinforcement learning

XU Bohan, XIANG Yue, PAN Li, FANG Menggiu, PENG Guangbo, LIU Youbo, LIU Junyong
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: A multi-agent decentralized local voltage control method based on the deep reinforcement learning is proposed.
This is needed because there are some problems in the regional grid with renewable energy, such as poor communication
conditions, insufficient measurement equipment, and difficult coordination of voltage control equipment at different nodes.
First, this method transforms the voltage control problem lacking measurement data into a partial observable Markov
decision problem, and a multi-agent decentralized voltage control framework with the optimization goal of minimizing
network loss is constructed. Then, a multi-agent deep deterministic policy gradient algorithm is used to train the agents offline,
and the trained agents are used for online voltage control. Finally, an example is simulated and analyzed based on the
improved IEEE33 bus system. The results show that each agent can solve the approximate global optimal solution according
to the electrical information of its own node.

This work is supported by the Science and Technology Project of State Grid Corporation of China (No.
SGTIJDK00DWJS2100039).
Key words: multi-agent; voltage control; insufficient measurement data; multi-agent deep deterministic policy gradient
algorithm

515
ULEESR, O T ROXT AR, 5 A% R H AR HHE

HEWH: BXERARAE T “ATHATRORREL
R % REIEAT R KA (SGTIDKOODWJS2100039)

IBVE, fE 2060 FHTSEILAR AN, FER AT,
T A GRS B R AT A REVRAE R L R A R
TN LR AR R, HORH b IEAE R
H ETHA, (HRZ, B A AR IR A BRI,
HL R PR R PR R ARG SN R 2, e F IR AMEEROR
JE T P B LR R T R AT
FHEREUR AR A I W A AT IR R, BAA
M ARG IAMERIRE S, SRR A RENR



TR, 55

He TR L SR AL ST R v He A T P A IR P DR gt it ) R P PR T 1% - 101 -

KR E TR N s v P L R A R e I R
Pl XM,

Al A P AU K B 7T 1) 32 203 R 3
H B A 70 A 2P P % DA R it L TR 4 3 v
S EREd e E DO, RECEA
R ER S S, MR R eI, SCHR[5])H: T
ENASHRNESEIL T SVC Wk FITC DR A%, SR
[6-712 TR & BA P ELRINESEEL T SVC gk
DL s R Wb ) L R B A . SRR 8] THRE ¥ F Bk
SCHL T RS E T, HA R AR S ILhE
SCHR[O] 3 T8 8 IR ST 1 2% JE AN E PR 4R SR
He R R B A AR (R R R A R R T A
TERGF B, T H A O AL B I E BRI
s

N T T REF RS E R EE A, A
SBOETT IR N T B S 9. SCHR[10]2% T 73 A
BB JGE LB T X A VR DR % . SOk
[11]2% T Bk S SE 8L 7 TR ARAL,  BRAR T H
PIHRFE . SCHR[12]% T 228 Ty [ 3fe 3 SR s Bl 148
HAE S T A ERIEEE. H2E, o AREE
AR T FE 2 1) R GEM5 2 DAL RAF 15 21
TR AR . EINER A S & 10 X R
—BCR A E RS, Q) NS, (i
AU S AFAE W T R IR A e M2 4
FEXE AP A0 5 i) RO

N T IR R, [ A AR o A O
SR E EEORET TRE, RIS TP
B o SCRR[14]15E T BEA i 1 s Bh B2 S L AT
R, SBT3 TR A 25, RIE
PR TR R SR A SE A RIE 3R T 9 A
SRELAH B, STHR[S]R M 2 & Rt A i B
Z AN BEAR BN L XA AN X EAT HL R 4%, K
L7 AT R A VEE . (HE, 2RI
BRA& N RGEWIMEHE . A, SCER[16]3EH T —
T 5 O J2 8 2 e SR S A P R 1) P R i
%, INZRPIRP R REVRR 70 5 il H AR F R BT H
bR BT IAESS, SEEL 1 A BRI T RIE
D RS . SCHR[A7]52 (8 B e I 25 0L
R s KL, SEEL 7RSS S el
TV REUR A R R, (B BRI IR TR
XHIEAE A I

BT ERFTFHUR, ASCBE T R TR
S ST IR B e BB AT A REIRE R 19X sl 7 S
RS . E L 1T R AR BRI A R AL
PR, NE AR I R, HHEIREE
[ LA A D 8 2 T L B 7R AR SR SR A (partially

observable markov decision process, POMDP), #4 %
TR REARIILIN A3 1] B AE A TR DA K IR R, 5l
SRR FHAT R E TS, BRMZEHAE, JF
Biib BT, 25, T 2 8RR IR FE I 3R
& 5 B (multi-agent deep deterministic policy gradient,
MADDPG) 5Lk 2 B RER AT IIZR, S 1 %8
REpAR ] H SR P RIEEAL,  UIER 5 BOR & REARFE IR AT
PRI AT AT S A R Be AR R R & s, B
FIF IR ERSE . e, TS IEEE33 Y
RARGHATEGI] AT, I0UE T AR SO E s
J7E A R

1 HBEEEEIERE

AR S ] HL s Dl 4 U HE S e ) T R A RE U
BT, FET AR B & I AMERE e X
HigfTIX[a], SREgt TR, HT R
REMR LR A
1.1 K IiEEY

SCHR[18]3 WA R R 541 341 AT DA
MR Q) ARFS KA A IR [N, XL
e s A E S R AR 09, BT LUK
SRl LR A(2) %o -

0, v<v,,, V>V,
Pur ={ Pum ——n v <y <y, (1)

Viate ™ Viun

Pures Vie SV,
{PWTtanngQg“”<QWT<P\A,rtamgo+Qg‘ax @
COS @, = COS @ < COS @,

N Vs Vo~ Vige A RN IS AT RN
PG ) H RGERTRE KOE s v R R SR XU,
V~W(A,b): Py~ Py FaR KNSR H
MVEUE M J1: Que AR EHLA I SR IS D) T 3
Q™ Q™ A AN T U AMEE A B I JE Th D)3 T FRAN
FFR; cosp AMHALA MY ZE KL cose,,
COS @,y 73 M N T R R K ) R AR, — A
+0.95,
1.2 SREH ARE
SCHR[20]74 W ' HE R P IR AN DUBS 23 A1, DRI W]
DA A B) R B GAR BIR A Th D)
ale<L
P, = I, (3)
PPVr’I>Ir
At 1, 2l R S BRI I 5 R A AR FLE
BENHRGREE, | ~B(a,f)s P~ P, 8RR



-102 - CEEE R R

JeR IR A Th DR FEE B hTh®.

RS, ARIE SCHR[20)FIWF R I, etk f AT
PLIE i 3% 45 284 Ak, (optimal inverter dispatch, OID)%K
W SRR DGR HE S H IR TE DI D3, A OID ZReg
AR AT X B PR N

0<PR, <P,
Py + Qo <S5y @)
-B,tané<Q,, <R, tand

Rif: P+ Qo IR A DT AT T )
5y Py N OID M FORAR LB B Th ol
S,y TR U P WA AR 0 N
OID %M ROt BB TN A«
1.3 AT IRE R

SR [22]28 9T T DB P IE 75 440 K 2 S
R, W) —R (@)

_ 1 Q@ -m)

f(Q)= Nz exp{ 20" } (6)
:up ~U(lup,minHup,max) (7)
/uq ~U(,uq,min’fuq,max) (8)

XF: By QR IATHIA DT R M I T D)2
O, ~ Oy RN DI FRATC L D3 bR 2
My~ Hy RARGTH DR R HHE, ]
MFIII AT 11 o~ Hp e T i
A g T35 0 A (DX 8] R BRAT_E B
1.4 BRAEE
AN FERA TR RS, WA =t

9)—= AV~

P, =G,V -G,V cosd, —B,VV,sing,,Vije ¢ (9)
Q, =B,V +B,VIV, cos, —G,VV, sind,, Vij e & (10)
bV RN IHRRIEME: Py . Q7 M
TR R j AR IIE: 0, 7T

SR A | 2 MM G, + JB, AT A R

Hamax BTN [y

R j B S AN
AN, Hishsk s
-P,,ieN/N
QW+Z%={DMG-/R (11)
ik Poi = Poin 1€ N
—Q,,ieN/N
—-BV?+ 2Q; :{ Qo1 € . (12)
ijes Qi —Qpir 1€ N

Kt G, + B WH AL MBS Pyy Qp o Py s
Qe A BN AT O TN ST TETI e . T AR A
SR IR, BT, N AN 4 B3er
T A R R O A T A1 A 2

2 ENHESETHZ B R EERER

AR S X B e AT TR B 1y R B R TR
FREBAT /A, SRR 2 B R iRl B S
IR AL )y POMDP [, #2571 2 & a4 H
AR
2.1 BRMRRRIE

FENLER 22 S0, — BRI SRR R sk
FERFA R REA ST AR A5 IR A
RRFOEREF, B BEAR R LA S T3R5 A R EBOU N
Hm, FAERT B S SRS RAR S LI H e R R
2PN PSRAE RS R, ABLIRESR AT E, B
RE AR HT A BOIRS IR B3, FF TR — 42
L RBER RS R . By /R BRSO A A iR el
K 1R

1 BRMRRKIIZRIZE
Fig. 1 Flow chart of Markov decision process

2 B Be R I JR R 5% ke SRR 1 4 S BT B
BEN—oed, w(13)FiR.
SO L. 7[AL . [R]N) (13)
A SRR EDIRAS 28], A& 4 FIREL
Ha] DU - SR BER PR SR I 25 B O, N Rk
i I UI A O, 20, =S AR A B4
CIPINEVIC ST RS- Sor O oSk iy
IRBER PRI R [1, A N DR BRI EIEES: 7
NITNRET, RN AHTEX T — I (22 R Re iRk
R ROR s A FoR BRI T ORI B EE,
R B AR B B M AL A s Ve, AT RaR A
A=r(G) (14)
A, 7 () R R SN BR
p NIRRT, FORAEZ B e RS ER R
Wi J& A BRRAS BN T — A BRIRES R, 7T



TR, 55

He TR L SR AL ST R v He A T P A IR P DR gt it ) R P PR T 1% - 103 -

TN
P(St+1|st X[A]N) =p (15)
s R, FOREAT BR BRI
S, NHTHIIAERRA .
RN R SE ARG, Bogs B REAA
i AR, HETEMEOIRES R E, Fon E(16).
r=f(S.) (16)
X, ()RR RS, FHERE R G
RIIAESS HFR AT CE
TEZ IR SR BER S AR T, B REAEH Q
ERF R H O AR s ERIUR S s 8, DA
KAk Q 1y H bR KB H B ) SR pR 4

T
mﬂaX Qvalue,i = E (z ytri,t ] (17)
t=1

1 Quuues NRBEIRI 1) QME: T AL/RFIR R
LR ) [R5 5
2.2 EF POMDP §% & sef B E E1T1REY

AT BB AN 2 T I B[R] A 4 1)
ALy POMDP (1), Xf HMBRRAE S M=
B BOPEZS EANER R EGEAT E L, 515 2 R ek
A A 2 5 O 0 5 4 4 i) 23 A =8 R R P [R) 3R AT HR R
L
2.2.1 RERRAS A (]

R B 42 ) R ) P B A5 9 IR 45, BT LAY
REAAR IR EEIRAS 2 B A 2 R U550 P 75 B 1) 4230
s, w=18)Fw.

S={P.Q.V,,6},ieN (18)
K, Py Q. 60N i MATIYIZE. T
T E A A
2.2.2 L = ]

T A SCE FE 2 2 B F A s, SR R
PRAARE 2% B 42 10 v] AR REVR L & N1 A
SERTAHEELEY. BIHR)FITIE, K
BEABE TR B AR (UL 2 (8] a0 =X (19) T s

Oi:{PiniaVi:‘gi}viENm (19)
2.2.3 FEENH]

BIAE 2% 8] Dy He R A 4% 1) R e R A mT DA i )
VAR B, AR SCON AT AR BRYR T 2% K FL I TE T D)%
FE, ATHLRQMAG)HITLEINThE ETIRY
W, ARSCAYH tanh BREVE A28 I 25 R T eR A
W e 22 0 2% 1t BR AR EE [-1,1], FF 2ol icds 22 v
PR EH A, wxXQ20)FR.

A=Qs=m (Oi,t 167)-Q& ieNg (20)

i Qg v QU My s i Abv] FAE REVE R HLIITE TN
DMK 67 NI REL 7, (O, | 6™) 1)
EES 28
2.2.4 [Al4R R B

T e Ak 2 DL R A SR 15 R 4R A 5 1) ok o
BB, Rttty Rk E R, 515
B RE AR PR N B B FE TR 1 H R R

N
L=—>G; (V" +V} -2V, cos6,) —cz v, -1 (21)
ijes j=1
s Ny, AT AU D E T b i
ERPR ] AR AR S ¢ o H RIE A T R AL
T R B R I A RS AT DUd i A T
Hife, HHEEEEIMESREKA, i
WE p=1, y=0. BT | 2R AEHBEEE
i i £l] POMDP [f#4t., POMDP HEALUNE 2 Fr7w

[ ommiks | RRE |
— e T YRR b |
T T }.‘ | R }
He bl e | LA |
PRRTERT R ) | | A
I
i (AR T | |
S A | . | [ |
AL IE5Y . | |
OGN | e | (0 | RS
T pihiE \\‘ _____ 4 ‘ | \\‘ _____ d ‘
l_____ T PO 1

E 2 ZE BB EEE POMDP 222
Fig. 2 POMDP framework of multi-agent voltage control

3 ET MADDPG B EREREKE X

3.1 ZERMANEFNBEZRINE
MADDPG % & — g M r 3 T 2 8 aefk
Actor-Critic 4% FIVR B sRib 24 I Bk, 5N T
22 B RER Actor-Critic P45 FRINES:, 768 Re it 4T
e SN ZR T ST — A BTG 11 2 5 B 4 Actor-Critic
WA EH BRI, AT A 3R i AR U2 9 2%
MSHGEAT PR, KIRERT T 28 6kl 2k
{1493 B AR e 1231, MADDPG ByE i e B 3
B
3.1.1 Actor #EZ R 1EK T2
MADDPG %%kt Actor #1448 17 57 L&
POMDP HfSEmE REL 7, () » [FIRF, N T B e
Pt F b USSR R E AL iR, MADDPG 51 7E
Actor #HZMZE N T — AN 5 ) I FE B
I 114 e 7 SR 498 5 8 A4 S P SRS TRIPR R BE 7,
K227 .
A= (Oi,t |67) Vi (22)
Viea = (-7, )Vi,t (23)



-104 -

CEEE R R

R A O v NEREIRT 5t MR
7, NP I BE R

{1 RIS

el |

b+

] —

A JR A [l
A 1 l

3 MADDPG Ei£ 72 E
Fig. 3 Flow chart of MADDPG algorithm

Actor #1122 I 26 Z 51 BE BT 5 FH Critic #1221
EITHE Q [HYLE, FRHRYE TG 1B # REGHATHE
., AIRINA

or, _ oC, (O, A |5Ci) o, (oi,t [67)
5™ oA  osT

o om or;

O =0 +¢&, 207 (25)
X C(|0) AR BEMR ) Critic #1245 4L,
T T fefk i 1) QME: 6% NC ({6 ) NS
s O A AINA T REARTERS [8]25 t AR
EAMGEMEES; o NRIRFT; ¢, N Actor i
25 SHN B R AL
3.1.2 Critic M£%iE/CId 2

MADDPG Sk DR & A X% T Critic
W28 SRR Z RSB, N Critic SR T
W, HHEARXN

(24)

L(6%) =(y;, —C/(O,, A | 5%))° (26)
Yie =N +7(C/(Oy, (O | 5”;) | 5% ) (27)
5L(5Ci) _ _ ol _aCi G, A)
0 oy, -c0.A16%) COAL (ag)
o5, =07 + 2, ) (29)
068,

S =1,87 +(A-7,)8" (30)

Sy =780 +(L-1)8" (31)
i L(69) N Critic #4M 45 SHUT R Z R,
HT AWM SEERRABEE: y, N IURE AN
HIQME: #/() C/() nl A% gk i 1) Actor H
brPZ% AN Critic HARMZE; &, A Critic #IZE M Z8S4L
WEHREG 67 0% NEREMRT B bR M2 2%
S8 1, o NEARRG SRR R T
T HAR P 2 S RE DL SO P R
It4h, MADDPG Hik¥E 1 4 Rib ki kil
SREUE BRI, BE— RS R RE . BEMITE
AR 1 RIS TR, b T 9 R IREL,
N R AR S E, M RS
#= 1 MADDPG & LA
Table 1 Pseudo-code of MADDPG algorithm
MADDPG #i%
BENLAE S B SL R AR R Actor-Critic 945
S 45 S BN UR IR H BRI 45
Pacl
Fort=1,T:
BRI R BELRES, R (1)—((@®)
v R, (9)—K(12)
Fori=1,m:
SREUVE BeMA i AR, 20(20)
KEGEIEE, (22)
End for
TR AR AEAT BT RIRIN Spea 1 Oy, 30(9)—20(12)
TR BRI R E, = (Q21)
H (O, Ay Ry, Owr) FAANZERI
Fori=1,n:
BEHLANZ Bt b M ANFEAS[O;, A, Ry, Oivalu
TR e | 1 Critic MIZ IS5, (26)—30(29)
TR R 1 Actor IS EL, R (24). :(25)
B HT Actor-Critic 251 H AR/ 224, (30). = (31)
T, (23)
End for
End for
{RAFASHR R REAR I Actor W% S8 (571, T EL IR

3.2 ZEBAENEL S NRE
ZR AR EF NG RECEBL TR T
MADDPG HikH Actor 28 S50 1i%AR, 1ELRIE1T
NF 8 BB AR AT DL L4250 FH 6 A 5 1 1) I 248 S B0 2 o
W R A AT I PSR, AN P AR R AR R AT
B RACH, THBE 7 X IEAE AR, YRt R an
K (B2)Frr.
Qs =7 (Oi‘ 5”?" ), 1eNg (32)




TR, 55

He TR L SR AL ST R v He A T P A IR P DR gt it ) R P PR T 1% - 105 -

R, & LRI ALK RAEH Actor Hi
2B S,

4 BHRESSH

ARTHE T O 1EEE33 75 51 R G PAEAT S A
HES, RGESEHWE 4 . REMA 5D
ATFOCIR IR 2 SR, JF HAHE R
RPN R E T RS, BRI DURYE %
H T RS S R A AR B K S T
TR, AR A SR 2 R,

W

9] 20 21 2

- [ |
26 27 28 29 30 31 32 33

3724 25
| N &) ot g |
& 4 it IEEE33 15 R ARG LEM
Fig. 4 Structure of improved IEEE 33-bus system

*2 BESY
Table 2 Equipment parameters

RS 18 FeiR IS =1

R KIIZE R 095 OID HwgHmAifi  n/6
RE DI IMW 2 BT ThHRIMW 15
FLETC Y & A/ Mvar 05 WA EIMVA 18

4.1 BRMINGERTHR
FTH 1 WH R EEEIERRBENAE R 60
KIiaitse, IRH MADDPG 8% Hn] FAERE
VRN FONGRE REMR, FIRPITiOE R SR
3 ffiase
% 3 MADDPG B AiBE&#
Table 3 Super parameters of MADDPG algorithm

BH fis S¥ i
T, 0.01 M 100
T, 0.0001 T 5760
7 0.01 Eove 0.01
T 0.0001 Eg 0.05
T, 0.0015

Kl 5 Il ZRid FE b 25 R R AR B RIRAE, BT 64
19. 23, 27 S R TS E i, AR R

PR, KU EAHFER R L. MR 2] P
At AERT 10 A VNZRFE 0 A B RE AR AEEAT BEHLIR
2K, PRI EHRAR D> . £E5E 10—55 30 M, HfE
PRI AEARIEIR RAF B M50 T B A C ISR, [FIHR
2tk A, RA 12, 16, 32 5 Rk AR
T rR) P PR, S 8 [ e o 3OS Rl PG TSR 30
ANEBILUE, &8 Geih D2 A — Bl R sk 2,
FLIER R B s, BT Rl D4 2 B IR
PR B L sems, I HASE LA BRI AR

[EIHR AR

—6,19,23,
10 20 30 40 50 60
1EASECIPN
5 BRI TRz

Fig. 5 Average reward curve of agent training

BEHLARL 2000 VX HE IS 4T 37555 I 5 52 I )
BRAR A RO EBETIRAE . 7 2000 Yk, &
MR E X (R W 6 iR, MIEHEE R, HM
HUE I SRIZL, 2 AN s A E R PR LS, BA
AP AE REVR BN T SO . 7R R RE AR AT
JEEEE, HPEAREEREEHHEMEE, 2
EAGERERAIG, & SRR sh X (A
WL, O SR ZE B 0.1 pou BRI = A T
0.07 p.u. LA, UE B T AR ST 45 7 AT LR B 45
A R (EAE RN, T A T

RN
— AHERKHIE - AscdrddR s

— EEERKRHE

1.05

1.00 (=

5 /pu.

0.95

0.90

RS

6 BB EREIXEXTEL
Fig. 6 Comparison of voltage fluctuation range under control



- 106 - CEEE R R

KA BTG, I KON B e R AE A% ] L )
(7 I 22 B AER FR R A5 RE,  PRTIEAE SRV R HL s 0 3 ¥
WHEAT T T Mz
4.2 BEERMRED T

HI T AT R IR A2 Rl e A2 . Bh
Z ] SE A 2K A A DX R R 10 TS B f A A T
G LN WA kil e A S a1 GaW 6
i SRS ] DA Ra AT, Bk, i9E Q(V) FEEEE
i SR AT SRS L, BAEA ST TR T IR AL F ] e
JAS R REEAR 458 5 T PR R

28 5 F G0 — R N KR AT AT 2R R A
it IhE, iR 7 prossl S R O
AR S v] PR BRI AT /(12 16, 32 S0 )it
AT R AT, ARSI S N 2 R S ] 8
Piose WG R], MAES] T, &9 AR
PB4 B T AT AN, A I s PR ] e

b HREFThE - JR LA Tho) %
R A % AT EE RIS A TR
10
= \
s ¢ —_—
] 6
2 //\A)\\\””’Jl x\\‘
il N

O i 4 %
00:00 04:00 08:00 12:00 16:00 20:00 24:00
B %)

[E 7 IEEE33 Ti R ARG BB THIE
Fig. 7 Daily operation data of IEEE 33-bus system

5 —— Ll —— o) FEER] —— R

s 1.08

£ 106}

E 1.04

= 102k

= 100F

098 . . : ‘ X

o 00:00 04:00 08:00 12:00 16:00  20:00 24:00
e

2

(=%

B 1oo|

2

£ roap

= 1.02

E’": 1.00} , , , l ,

© 00:00 04:00  08:00  12:00  16:00  20:00 24:00
I 21|

=

& 106F

= Loat

= 102%

= 100f

;ﬁ 0.98

m

00:00 04:00  08:00  12:00  16:00
i %

E 8 HEITRSTH®EE
Fig. 8 \Woltage deviation under daily operation

20:00 24:00

ERRMET TS, AR EA R RS
ISP BT R R A R AR, X R BRI
NAEARSCGE R AT, B RedR AT A2
JEIKP IR RS R PR 24534, 4 n] DASRIG K
EES

K9 45t T 4 ARl s T — RN A2 453
M, Hob, SrhaUEhlE A e S REE, TR
WARRMIRS, 1 Q(V) N EAZE M AA S 7
P PR A G R . B9 Al BLEH,
Tf£ 08:00 LAHIAN 18:00 A&, YR HLIE H /18,
HL R R A AN K, FEBEIE DL R, Q (V) T 3%
JUPAEE, MSFER T A SO EN e
J SCVFE B N HEAT DA DRI B B34, R
HI T HURA ) 2 4 I 0 B BE AR LU T B AR R 43,
JUT- AT LA 3 55 rh AEINEMT AR . ThiAE
10: 00—16: 00, YEARH J7 KM N, Ha I i I (w72
EIR, Q(V) MY 7 H T s B BT A
TN, AHRA T R A LA B &, It
N &/ PR S UIE AN N T 20 DN OFE SO |
FEZ T, ARSI 5 & 8 R A4 ) SRS LE I Zrid
FERE PR EEALI, BB RE A AR ORIEA LS
AT T, S ERARM e, (B2 M
s ROk, BT3B RO AT B A LS
SEHTRAG, ISR E S BONR T, M4
h AREE A S AR O K. B2, ACEE
77 R & AT R BRI B A TETh Dh R A 10

Fim o
0.50
—— FHUE
0.45 s
o) FEfui] "‘
0.40 AR
— faeh Ry
035
g \
2 030 N
> ‘
= 025 W
= i
= 020 N
015 A
| st
0.10 ‘\\\ ,}
0.05 D ¥
P A
77700:00 04:00  08:00 12:00 16:00 20:00 24:00

IrF %)
9 BEITRETHIMENGE
Fig. 9 Power loss under daily operation

N T it RS SR T ik i B U R E 1
BEHEATZ0HT, 45T 14: 00 B 3 Fhdasihil 7 ik R 4]
FHAEREIIEN T R EDITI R, Wk 4 Fron. AL
A E, Q(V) N 42 i A3 AT BAARYE 77 s v I i 7
LENEHHEAT T TAMEE A SCHT ST A %10
TG & AR RA ST, R






PRI, S JETIREDR AL ST IS v BB AT A RE G PR I3t 2 8 P R 2 T 0 - 107 -

671 25 A Ih ThE# Mvar

16747 S 2h th 26 Mvar

2370 S h HhEE Mvar

0 16 32 48 64 80 96
) B%/15 min

32791 LT T F Mvar

0.6
5 04f
=
02
T_?
R
=00
o
=
o 02

0.0
E -0
=
o
= 02r
R
=R
2 0.3
o
2 04
g
-
=
¥
2
R
=
R
s
&

0 16 32 48 64 80 96
I EE/15 min

0 16 32

48 64 80 96

I EZ/15 min

10 AT A4 RERA AR ININR

Fig. 10 Reactive power of renewable energy power generation
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Table 4 Comparison of reactive power of renewable

energy power generation

)= AT AR A HL R TE D) D) AR IMvar

G5 Q(V) TR RILTTE e rh gzl
6 0.1170 -0.4420 -0.4372
12 0.4420 0.3928 0.3412
19 0.000 -0.3203 -0.2463
23 0.000 -0.4420 -0.4417
27 0.1501 -0.4023 -0.3765
16 0.2642 0.6547 0.6167
32 0.0589 -0.7442 -0.7733
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