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Reliability evaluation of distribution network with distributed
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Abstract: The integration of large-scale distributed generation and electric vehicles into the distribution network
can have an impact on its reliability. To address this issue, a reliability evaluation method for a new distribution
network containing distributed generation and electric vehicles was proposed. Firstly, with considering the
uncertainty and correlation of wind and power output, the best fitting Frank-Copula function was selected and a
joint probability model of wind and solar power was established. Secondly, the behavior characteristics of electric
vehicle users were analyzed, and an orderly charge and discharge control strategy of electric vehicle was proposed
based on dynamic time-of-use pricing. Finally, using the main feeder F4 of the improved IEEE-RBTS Bus6 test
system, the reliability index of the system was calculated and analyzed. The results show that the proposed wind
solar joint output model and orderly charge-discharge control strategy can effectively reduce the impact on the
reliability of the distribution network.
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Table 1 Rank correlation coefficient and Euclidean distance

] B RS .

Copula iF £ BX ES BE B
Spearman Kendall

Normal-Copula 0.201 2 0.1349 0.691 60

Frank-Copula 0.244 3 0.164 5 0.086 41

Clayton-Copula 0.189 8 0.096 3 0.442 31
Empirical-Copula 0.232 4 0.166 2
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Fig. 1 Frequency histogram and probability density diagram of wind-solar joint output
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Fig.2 Flowchart of particle swarm optimization

Warppt P CPLCPL PP H,. Hy RWURHZZR S PSO LA L R LA 2R FIAT 7 78 i H 42 1)
M BV 2% A I 220 9 78 i L 2 R

3 ETFFREFREFSENKNESDGHAEY BE B M AT & M

FEF SR RIS & DG M EV (9 BC A ] 58 M PP AL 3k S AR U - 1) SR T B2 4 R I B Lk 17
PR, 15 2 50 0 SRR S B O SR AT IR R 43, B A2 R S B B AT AT 43S . 2) RE AR B ROLER A
3Ty KR SO B A Y S AR SR T BV SR T B W 9 ) B E O . 3) XS 1 4%
A g AR AT SE R R AR R AT THA, AT AR BN R G Y AT SE MRS A, BT LR O AT 2 AR B, B AT AR ] R
g S Y 0] E PR AR - 2 W H 0 R (system average interruption frequency index, SAIFT) 3 27 W7 i, H [8] (system
average interruption duration index, SAIDI) .t # 7] F§ 3% (average service availability index, ASAT)F H, &7 A & 1]
H (energy not supplied, EENS)%% . & 3 MR LML A .

YR E A FUARBR N, A TG R D5 IS 0, 0 e A O B 7 ELIE ] T=0

R 2 XA TT AT S, 8 SRR RIS TR L B RS A T IS AT IR R A . TR A T
Ty F1 Tpppo

YR 3 AR A JTIF Y TTF 4% de/IME, S 0T I TR 1 G5 A, 1 T A B by e B T A8, I ke e Bk 1) s
FREMT =T+ Trpp o

AR AR BNBRE TT AR AL T R DT R A L T I R P AR A RN R A 2 B e Y D D ke
PG AT R 43, FF 0 g7 AT 59 288 O 3252 ) 1) B ey (12 A ey ) L IR o0 1R 48 2 85 48 il 18 8 I A7 T K &R OE R
TARRAS A A far (26 B 17 ) DA SR B o8 67 ey (TS B A ) o B i , X 5 A 70 7 49 i e 0 280 A Rl B Bsf ] 4 4 7 48
T XTI, DA 52 R T A 09 5 e s 0 457 L UCBSORI S L ISP RIS o X6 T IS AR AT, 4 M K 4 3 I () 3R
pIEI Y RN NN E ISR AR & 4 @)1 S

IR S XTI fr R AT 0 AL B 3% 52 — N FE (0, 1)[E] AR M2 5] 43 A0 () BEAILEL w,, , FIKT e, AP U] 46
JCIERE P, RN e R, > P, A R MR IR YD j 2y, 04T R — 2D #4575 WA I8 U 46 2Kk 05, IR
By WA A TR IR ST s L o



F 1M I B, F:eohm XL RFEIHAEGERE M T ERIFE 121

A9 6 A FH SC b ir g S i KOG B A 8 BRI AR 75 3 DG 19 T P, I SO BV 1A 7 38 0 HL 45
Fmg A EV T I P, Py, 50 BT 5 I N DA e 0, A LR LT P

HBRT IS T N DG W J) P FUEV L IIR Py 2 RS BT P, K/INBEAT L3R, 5 A 22 BT
VEAT I B far 45 4, 05 SR 07 %) e I s i) R 3 5 o B AT B A5 ) AT R — 25

AR 8 W SR 5 35 B ) FLAR PR, 2 R 5 OB A Ak S R — 2 A R [l AP BE 2

AR 91T R G AT SEVEHE BR SAIFT,ASAT . SAIDI .EENS.

Bi¥ )

| mAmSESE, HFomrsE |

l

| wmprcEmy, mrbro

1

| st |

I A YIBRIN?
1 :

| ssreRiE, RvEEOCE | |

I TR RO & s |
- !
| tEmsmepTR | [ itsEvahaE. SBoanm |
!
EROCH R AL [ B RS R
N
Wi REDRFM
e
Y
| gots s ssniin | | gtamsmms s amats o
]
RAKBI AR X
Y
| iR |
4k

3 & DGHEVHE R KT & T hiRiE
Fig. 3 Reliability evaluation flowchart of distribution network with DG and EV
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Table 2 Reliability index of different DG access examples

E S SAIFI/a™ SAIDI/(h-a™) ASAI EENS/(MW -h-a™)
ES 2.929 4 15.600 2 0.998 2 79.172 2
VE 2.758 6 14.679 0 0.998 3 76.690 8
FES3 2.791 4 15.093 9 0.998 3 77.649 5
EX 2.744 5 14.078 6 0.998 4 75.030 7
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Fig. 6 Daily load curve of different numbers of Evs
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SEVEFE AR SAIFT, SAIDINE A7 1 4 , ASAT L Y 99.84% B 51 99.83% , ixX J2 K Ay ik 648 b 5 0 140 ) ke s 63 G .
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AR AL 33X R B R EV 38 HL I 6 far 0 (B 220 B 0, K T R e R 25 SECR G . BR
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Table 3 Reliability index when connecting different numbers of Evs

CERSIRRRIY 1§y SAIFI/a” SAIDI/(h-a™) ASAI EENS/(MW h-a™)
0 2.744 5 14.078 6 0.998 4 75.030 7
200 2.9317 14.964 0 0.998 4 77.423 3
400 2.9352 14.999 0 0.998 4 77.666 2
800 2.941 6 15.019 2 0.998 3 78.083 9
1000 2.943 6 15.155 8 0.998 3 78.324 6

4.3 FREH F 75 AR 4R H 5K BE X B R ) AT & 14 0
FE R 1 BIAL B AR A R R E T 1.5 MW B XOCHR & & L R S8, R AR 603 A0 B 4% A 200 FiFE 3<%,
I3 RN TR B FERCR D7 5 3 4 2 20 i RO S50, D EV 78 L T SR BB R R LA A% o SR SR Y
5o g, 2 (12)H AH0.8.
x4 HHENSY

Table 4 Parameters of time-of-use electricity price

I B CS/(t-(kW-h)™) C*(t-(kW-h)™")
00:00—08:00 0.4 0.365
08:00—12:00,17:00—21:00 2.0 0.869
12:00—15:00.21:00—24:00 1.2 0.687
15:00—17:00 2.0 0.687

K72 BV 2R FIAS [ 58 L J7 2R H G Ay il 2 P ol T Rl R0 SR P 2 sF e A7 #9520 R D e 0 {97 4 11 42
e AR, T R T SC R 9 80 285 H A A P e i O SURERCR O W o 50 SERLAT G, BAR X 2 R P SEHL Y
J7 KR B 1 HI W SELAS A SR (ELR N T HL 0 B R R T, G0 B e A A 9 2 X T HEL R £ 5
Wi o 3 kX EV SR FA [A] 897 1 S0 00 R 42 A SR i B 9 ) S R 45 AR HE AT FU R, AT L 5 BV R B IC L ) £ AL
TR S 2 e dls
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Fig. 7 Daily load curve of the electric vehicle under different sequential charge-discharge control strategies
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A EEPEITF SR EE AR 5 TR, b T 5 S IR FH A 3 A H A 0 T e SR X B R SR 48 43 A 4.2
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Table 5 Reliability index of different sequential charge-discharge control strategies

e T SAIFI/a™ SAIDI/(h-a™) ASAI EENS/(MW -h-a™)
T A 2.9317 14.964 0 0.998 4 77.423 3
43 I FL AR 29299 14.729 6 0.998 4 76.398 3
A M 2.909 7 14.111 8 0.998 4 75.766 4
5 H#RiF

i 2 x5 WOBIR & A L 28 58 R R 3l 4 B T R I A PSR PR H IR B e A5 LA T 458

M DG i 26 B 17 AT FEPEITAl , 5 T8 DG AR BUH LE , 3 A DG Ji5 AT RAAT 20 42 v T F 1990 9 7T 5
P B e A XURE EE B e AR A AL B TR P T A KU AR K AR G L B F A XU DB AR S
F4 T A R R

)X A TCF FEH I EV FEAT AT AR PR 53, 45 R 3 W Rl 8l R4 1 e AN A2 3 i 2R 8 1 A IR AL 38 R
RBEAR T BE HL 0 A R 58 A Bl 00 A 3, T S A R B R

3)A EV R HIAS [ 09 A5 1 e 7 35 BEAT TS PR DAl , 405 SR 3R TR 20w A 0 3l 28 v A0 O A T S
HL 7 2 TG e A 19 75 A ] S 4 g SR S 198 80 2 70 P v A0 169 S L 7 Ok T L T P R ) e /)
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