U ER TR

20254F 11 A

Electric Power Engineering Technology

Faak HFHol 94

DOI:10.12158/j.2096-3203.2025.06.009

T KOt e By H 3l P74 T IR 55 R AR M P AG

EA, mwmE, T, Enm, ', TR
(1. B ST K2 R B B 5 1 Bk, VTR BRI 5T 210023
2. [ I H545 W 1A BRA 7 L FI RS e, T35 AT 211103)

i E:wR@EkesaEERA BT R LTI, Rl T w A E A BRSO T REEF 28 N EHm, 4300
A TS VT4 AL R AU B2 5 2 A B WA R R, P AR — A R R A BB A E A RIS T
EWH IR E TR, A, DM CHA LR TERE R QR ER, HERSLHALE AL RFHEREF&EES T
SEMIRAE AL R, 3 R TR TR 454 09 AR e B S ARAL 0K, RILAREH M 5 B RELX T, M A w W M
Fo Xk BB AT 09 W RS- SE AR I 35, 12k BB A WIR AT SERA847 5 A T o5 2485 Tk kAR
Tk, AR EAN, TR IRATT $ EE SR A E A WIR ST S0, BLIR 69 k48 A B AEAL R nk T
BERIFRARABAEIXBUES T THEHAELCRS T ERART,

KBIF: A WIS T 1 A A B 3AF; K BT E T B A TR 42 4]

HE 52K S: TM72 XERPRARRD: A

0 3lF

LBl VAR SR L 6 L I B 7y RE SRR i AL
B, BB A SIS K o s I, 2 2040 4,
HL SR A4 S B E T Y 70%, Hose i 5
SR T B A X R A SR B 30% 7 A&
T, JCHRASE R, 3 ¥R 4[] I 5 L ] BB S B L R e 1
RURLR IS, B ) R G % e Ra s B AT
S22, FaL I s AT S A R A L, o B L AR
G5 rf Y TR KA (R SR o A
1106 T ik — 25 46 T v 2 VR 2 5 v BR Al 5t i 5%
PRBERE 7 B S DL ), ™ T S R 5 T SRR Y
FEM

A A FE EEN 3 A4S T T G T A HL IR 45 o
N AR R TSR T T, SOk (13] 48 S
il I AT B B AT 0 A P I Bt AR 2, DT
S s IR ST i . 7 SRR LAy T, SCHik [14]
Fi b 7 Ll R AL, A A P AR R[]
ISR T 7o MR 55 o i o e F AR O B D T, Sk
(15738 1o i B8 55 1T A BB VR I A 78 HE o DA AR B 7
Hi R 55 i fe oS4 R SCERIE ST o0 S e IR 55 T i
R BEXS 78 L IR 55 P S PR SR AT i AL PEAl . YT
HZ UL ) RGN s e vk By H AR, B AT
270 AL G BERLE X R R G T SRR s
ke = X6 P 0 5 H B 55 R A B R A 53
W AS B A 2025-05-20; 15 B #1: 2025-07-28
AeRE: BRARHFZEAL TR B (52277105); 3L 54
5T AT 52 341 #7 380 B (SICX25_0715)

X E 4 S:2096-3203(2025) 06-0094-09

25 LR, M SR G 5 F IR 55 AT R T 1 AR A 2
SRS E L o 2R R SOk (18] U Sk 3t L
TR R RF e R B SR R R Ee ) . 5%
B RGP R T R itk S o M
M AN R, 78 H A 55 T SEPEIPAL T3 225 5 75 R
PR FEHL B fr FEAILYE . SR P 2 Y i
TR, F Rl 2 40 AT S 5 70 v AR it DR B
eI E B VPM vk o SCHR (19138 2 78 HL D) 4% 1Y)
DA B T4 T XoF F ) il s 194 365 1 e F7 o STk [20]
P T R 7 H R SR AN B A P 1 7 v it A R )
B, DA Tt 70 il i AR 55 Pl S v T e/ IME BRI 5
IBAT AR o SCHR [21] D) 56 T s P AL 285 2 20 O v 1
I 70 F Bt T FE . DA BRI PR ER T e e R 55
AT SRR B 22 2 B R, R 2004 LR A N 1 22 4 B TE A
FE bR ST .

DA% FE Ul iz A7 AR T AT A R YR I AN | FEAIG
FEHL A A R R B IR LR TR e
HORM A, Sttt 78 72 e W] 8 A1 7 H 150t XoT FieL 1Y) 1)
il SO, T4 ) RGE T EE k. ik
B 70 HL A58 , Dt 72 22 0 W] DR e 5t F, iy v it
I, DT T T R 45 . SR (231538 H 4R K
FT 70 L IR 5 A ) DB ) B A, IR A A SRR
A2 T 2 GE B s SCHR (241 D\ 78 Ha sl 080 £ 58 X L
T HC i e S oAt e T L Y I 55 PR RE, A5 SR
e £ i 1Y) 70 H ol A T B A S % o A, A
YT 47 ] (model predictive control, MPC) i i3 /&
AL 5 R R TE ML >, AT A 08 %) 78 F R 45 T
SEVE R BEALYE 5 I i 22 4 BE R, S e IR 55
AR B 4 TSR R S H


https://doi.org/10.12158/j.2096-3203.2025.06.009
https://doi.org/10.12158/j.2096-3203.2025.06.009
https://doi.org/10.12158/j.2096-3203.2025.06.009

95 W5 IR A T RO ST FL B IR SE R IR S5 T RETER FP PRAl

SR, A WEFAAAAE LT AR (1) MR TED
% JEOLAE T AR G0 FE L IR 55 AR TR R 2 (2) ik
Z BEfE 220 w1 | BEAILIE 5 22 2 B2 R 14 70 e A
S5 AR AR AR (3) AR ST ) RGE AT SEVESR b
HE LA S e 58 L e 55 B S Bonl PR o 25 5 L AR 55 AT
FEVE I BB, B ) R G SEPESR B R R AT RE
KR FERN . RFETRY, B RG] SRS T
HL AR 55 R SE P A DAL 4R AR 4E S5 O vk B A AR
A S, A PR TT L EELUGE

e, SO — R RO AR TS R R SR A T
HL R 5 AT A I PR A O vk o 3R AR A A 4
(1) $5 7 R PO 3 e 0o 7 i Al 55 ] 54 1) Bl 2 i AL
ills (2) ¥ 28 78 L AR 55 1T 584k 1 2 4EEAL $5 455 (3)
$ Hh DA ST L A 55 TSR 2 516 £ MPC G REDL FL 3
JEHEME

1 EINREHFM TER RS A E ST

FEL 301 VR4 A far I 0 AT RE 5 B0 L R 4 1Y 1]
PERBE, I3 IS B R 0 B AR . RZ, BLH
YR LR B B, 2% i R4S E RN B e 4 R
M7 35 7 L IR 55 T Sk A . PRI A BT e
SR IT R AL L R S8 AT SR PETEAS, DT 7
PO 5 B ot 7 Fi Al 55 T Sk ) sl A s i AL

BE L 2R 0 1) 30 5 42 T 3 ok R A B
R AT . AL, SRR E
B, obb R JE A3 5 R Ay S Xl s 1] o B5F ] (mean time
to failure, MTTF) . [mI3H, &5 R EIECH P 4E L
f [7] (mean time to repair, MTTR) 20l Hp.

Dyrrr = i (1)
A
L 2)

Lvrr =

o Lyre N MTTF {8 Ly 8 MTTR {H.

Z 451 34155 3 B0 % 45 B (system average inter-
ruption frequency index, SAIFI) FH -/ & {3t o, H I (1)
AR, T B FH P R AE 22 3 ST 445 FLURBR, AT PR A
WL R B R Y AR

D AN,
Isam = =
>

K Lgam A SAIFL{E; A, N53 508 T far 5 8 i 1Y
HRE A PG R I RS T 5 JU AR G o

2§ (M5 38 15512 K (forced outage rate, FOR) J&: 48
L B AEAB AT PN 8 R BB a1 s AR 3t
%:/A\ﬁj\j:

(3)

—i@Lfmm% (4)

Lvrrr + Dvrre

P Ieor M FOR {H..

HL 2 754 e L S T &R 48 1Y 58 HL B AL
PE o A HL B2 e 7 L IR 55 B i, FRLBIIR A FE AL
20T L IO AT SR AR S, AT R B A 2, O
HIMRGEMER, REEABIRE TR ARG,
FE VTR i L RS L H AR AR

Iror =

Py, + X; i
AV,'EPYI _ 1iPey; + X; Ogy, (5)
’ Vbase
SRR

A = dye(1 + g AVEY (6)

A AVECH B TEH S B AL LR £
(R RPN i DS N ST BTSN U S )
Bﬂ%ﬂ EEA*):T-A’ PEV,i\ QEV:%%U%%)\J—?‘; lﬂ‘%ﬁ]/ﬁiﬁ%
AT DN ANTC I D5 Voo T EEEHL 5 AFY 5 JE L
BIVRHAE NG LR i SR Ao o A B B 6
(R G EE TR AR E A M) 5 0 Wi B R AL, 2
0.2, S Weid 485 B Bl ARG AL

Pic FEL 28 8 )80 I I 52 ) 5 R AR ) T P, R
o e s i T i T P TR AR 55 R T . A AR
IR Bl RESE oA A URE U, T o 7o f Bt 4 (it A E
UL P ANTITE 54 B iVC:N: &l ST T S O
FEVMR R GE, B L AR G A SE R 7S L e A5 ml Sk
(R FER, (HPIE I ST o T R 55 TR i 5 B2
HHIEHAMMH .

2 FERARSAEERNFITE

21 FTHRSATEH

FEH RS AR R ) R AT SR IR 5
RIE, B I R S INAZE . eI A
SRR R R AT SEME . SR E IR G5 T SRR N AY
2 3] H [ i B 1 5, e sZ 1 R A R A ol
E4) P | 3 o) N ] T O L R 1 P e == i A
FhFEHL T R SR T, JF 22 A F X BHLZE, Al 1 B o

FL ) 0 2%

HL R TG

L A s
FHER
i 55 52 FAL

MO TN M @ SR I AL
— LRE% - BT R Rl

1 FRBEHRNME

Fig.1 Power network of charging coupling
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Table 4 Average value of charging service reliability
evaluation indices
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model predictive control for energy management of microgrid

Temporal evaluation of electric vehicle charging services reliability considering
photovoltaic-storage-charging integration

KUANG Jiaging', TANG Difei', WANG Han', LI Junpeng', WANG Peng', WANG Mingshen’
(1. NARI School of Electrical and Automation Engineering, Nanjing Normal University, Nanjing 210023, China;
2. State Grid Jiangsu Electric Power Co., Ltd. Research Institute, Nanjing 211103, China)

Abstract: The power grid is faced with challenges arising from the integration of electric vehicle charging, and the reliability of
electric vehicle charging services is also affected by grid failures. To address the difficulties in reliability assessment caused by
multi-dimensional characteristics such as randomness and sequentiality, temporal evaluation of electric vehicle charging
services reliability considering photovoltaic-storage-charging integration is proposed in this paper. Firstly, the fault
characteristics of distribution networks under electric vehicle grid integration are analyzed, and a distribution network fault and
reliability evaluation model integrating electric vehicle charging load is constructed. Secondly, a dynamic optimization strategy
for energy storage based on model predictive control is proposed, by which the reliability of charging services under both grid-
connected and off-grid modes, considering distribution network faults and coordinated operation of photovoltaic-storage-
charging is enhanced. Finally, multi-dimensional charging service reliability indices and a calculation method based on the
sequential Monte Carlo simulation are proposed. It is shown by simulation results that the proposed evaluation indices can
quantify the reliability of electric vehicle charging services reliability from multi-dimensional, and the proposed coordinated
optimization strategy for photovoltaic-storage-charging can significantly improve the reliability level of electric vehicle
charging services under different operation modes and fault scenarios.

Keywords: charging service reliability; energy storage; electric vehicle; photovoltaic; Monte Carlo simulation; model

predictive control
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