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Resilience Assessment of PV-Gas Farm Distribution Network Considering
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Abstract: The resilience capacity of farm distribution networks primarily stems from distributed generators,
such as photovoltaic and biogas systems,to withstand disturbances and facilitate load recovery as microgrids during
system failures. However, the dynamic characteristics of distributed generators and the cascading effects within the
system during such failures are complex. Existing resilience assessment methods for active distribution networks
struggle to accurately capture the improvements brought by distributed generators. Therefore, a resilience
assessment method is needed considering dynamic cascading characteristics of distributed generators. To address
these challenges, a resilience assessment index were proposed that encompasses fault probability, load loss, and
fault repair time for farm distribution networks featuring photovoltaic and biogas generators. Based on the system'’s
emergency dispatch architecture, a dynamic cascading model for microgrids was established to calculate the
resilience assessment index. Furthermore, the rolling resilience assessment method for farm distribution net-works
was developed. Finally, a simulation example based on improved IEEE-33 system was constructed. A series of
simulation tests were conducted, demonstrating that the proposed method can accurately assess resilience and
effectively reflect the dynamic cascading characteristics of system.

Key words: farm distribution network ; resilience assessment; distributed generation; cascading characteristics;
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Fig.1 Emergency dispatch framework of farm distribution network
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Fig.2 Resilience operation and dispatch plan of

farm distribution network
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Fig.3 Dynamic cascading flowchart for farm distribution network

69



wAEF 2025F £55K H 124

Kb, HF o RMIE S SR TR B R B W SRS

A 2R IR Y S A5 R M AR 3 1 B8 (SR R
RS (B3 A B AERR ) o i TR e 9 e o 2
FA 5t A 3 DRAP B RGE (L , DR IHE 5 205 4y ) P I
W 5E R AR ZS 0 S BEAT A0 o b B I
SE (ELEAE LA S0

IE 7 B0 T T 00 BE A% IR o 95 3] 9 85 A5
A A SAE g i R 3 B0 R R

@ Tl I T 122 e f14 15 100 P 47 2 e I
VEAERUINIE 217

S BRIz A7 I R R R AR R s R 4
FrA i BI AT A SCS 2 SCHR 28 TR W >R
AR e B #EA T A ot

M T AN R R AT R A5 07 22 S UK, 1%
— M i TR, S G 5 Bl A A i
SRR B A5 e Y SRR AP o Bl DM 2o 38 81
AR B0 B2 I 0 PN A S A B, O 7% 1B I
AR ORI o SRR IS AT Hh T IR A B A SR AR
EIE ORI SNV SR B i W SR R
Yify RGUARE . NI, AR SCIEHUBTR -3 L T
PRAP R B L PR P AR D TR AR S I L T ) 253
AT . HARBIRIR AR AN A 4 7R o T 4 R
PRAP Bl VR Ik ] phy S 2 O — Fi T — 5 3 ) 17
DUT IR I IR . WA 4 TR, 76 AR 8 A T 3o
e, PRI E R TE A, o0 A XL IR RE TR IR
(IR b G S v S (B B e R I 2 B
JEAE 5, AP B e (B R A, e P OR3P Sl VR A7 2
e AR R Al 2 AR SR AR 37 A s A s 18] 23
AT RS o A g ANl i, WA X 1 PR 4

KPR RS |

DI 42 8 61

PAAT AT B ol e 431 ||
DIHL S R GRS

AT R AR,
WO R GRS

AT KR AR,
HOH R GURE

___________ RRHME R SRS ——
B R AR S

i M AT R GORTS il OB R GORAS

BRIPAR PReP 3
[ v /WA B OSSR RO il Y S
Fig.4 Isolated island dynamic and stable check flowchart

70

Vi, BB ah G B9 R GUIRZESIFIE SR I SER ¢,
e e A U B PR Ga  / a U A
LN ) R R SAE W I A RS2 IR

3 HT AR SCHAAR B 1 6 4 B A5 00 107 B4 R 47 i
Jith o A EG AN B R 0 2% AE LA < IS A7 A o3 A1 2
AR 3By I 1) S A8 A B /N T R A VR
Aoy P By Bt oA ACRE IR B9 10 A B R Tl 55
THIR TR s A o A IR AN 2 B IR AR,
YO B S P AR B AT A sCRE DR AN 677

F 250 T 2

num(Gas + PV )= 1

APF < APFmax (5)
2 LHVAGGJ[ng + Z A[)S,jl = PRmin
i€ Gas jePv

s num (+) JsREE G () TR B R B AP,
hS RN 2R G e RS VE ST B 5 P, S AE T FIE
7 oA R A A 6

IRV ARV A R R = TR AR R i
A7 2 HL I AR TR bl o 2 R, ORI S L 7R
WA T 2 N 2 LU A9 D) R 451 A5 B, A%
EREAE U BRI E S AT SUPN PR
BRARAP LA

Aw, .. Ao, <Aw,,..

dAw,,
~< Ao’ .. (6)
dt ’

Rinin < Pups < Ry,

X Ao, Ao, 739010 R G FVFI B i AR
MRS 5 A ..o Aw), ., 73900 BT FLVEHY e
RN _ETHANT B 5 Ry 0 Ry 5390 0 (HAR
A e/ N E 19 (LA B3 R L 5 P s N AEOE
Il A S B D) 97 A 2

FL TR PR AP O AR R DR 3 . Y A R R AR T
LA, VIR i — 5 L f iy o W R
A OESE ]

! <
Aw nmin S

Viin <
v v
RP in < Plf\’I,S < RPmax (7)

AV, e 2 SRR V., R SRR R
M B4 s Poviss Quvis 73 9 AR U8 2% 1) A 1)
I AT YIBR L 5 Ry, .. Ry, 20900 R GEA U1 1
A B8 E VR R PR 5 Ry, s R 73900 RGETC
BT YRR A

e PR O B 4 i i r YR 20 ) A i
FUE LRI W o SRR B 29 o R



i, E A ME S AR T LB R E G WA

WA 20255 H55K 124

RS SI5a

SB,j[ < SBmax,j

St < St )
A Sy, S 73N 1 15 228 B 1 53 A1 L TR m

%%% 5 Sﬁnm,p S(;nm.m ﬁ%”ﬂﬂ?ﬁﬂﬁ*ﬂﬁ?ﬁﬁ %Uﬁ E"J

WUER .
3 R EE MR FREIFE S &

A T3 e FL IO e A O 2 , 2 A
WP, 2 LR R B I A M DA D AT 4R
S BT TR A5, Wl e 0 ) 1y ) AT 2 AR A0 S
PREE AN P i oRAF R Fp 2 A28l . AR e i
SF PR DA S TR A 7% 1 ) 2 0 SR R ) i
il b, i 5 EELRE USRI A0 BSR4 R 1 &R
G5 SR B far i, DA TG VA A A TG P R ) 5L g
H1 o 75 BB F G825 I By P8 far RS A7 TE
[F1) = (14 3 S FURH DG L AR SCHEST. 17— b i ] il
b e I BETR BIR A (19 A< S e L I PR A O %
HREUNIEL 5 s

iR}

AR DE A I 7 A4,
FHE T R ) e A
it 113 TC P, 8 55 AR 24 i B
ATl e e o O 11 2R GRS
[
2 |
XIS B 2R GRS AT B A A 43T PO SR S OO T BT R 4
T 224 i e B G 70 fif kRS 3 25 RV E T — B
y

BB 5L 5E 12

ZEATGEIE A I Bk B it
VLSRR bR

5 Al v 1o B rE Al n R
Fig.5 Resilience evaluation flowchart for farm distribution network
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Fig.8 Frequency and power variation curves of

distributed energy resource networks
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Fig.9 Comparison of system load recovery under different line faults
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Fig.2  System loads and resilience index at different times of the fault
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