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An optimization model for restructuring distribution network considering
grid-connected security constraints of DGs
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Abstract: This paper proposes an optimization model for restructuring distribution network in consideration of
grid-connected security constraints of DGs. First, the problems of improving regional load balance and ensuring
emergency reserve of the upper-level power supply not exceeded after distributed generation connection are analyzed, and
the distributed generations’ return current and the upper-level power reserve capacity are collectively called distributed
generation grid-connected safety constraints. And then, two evaluation indexes of regional power total substation capacity
and 10 kV feeders’ network structure are proposed. Subsequently, this paper proposes an optimization model for
restructuring 10 kV distribution network in considering grid-connected security constraints of DGs. Immune genetic
algorithm is used to solve the model that regional power total substation capacity is qualified but 10 kV feeders’ network
structure is not. Finally, the effectiveness of the proposed method is verified by simulation analysis of a practical 10 kV
distribution network’s restructuring and optimization problem.
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Table 1 Main protection of distribution network configuration
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Fig. 1 Schematic diagram of connection modification of
10 kV cable line

K1 IR A R B R AL B L, HA
T B RX AR RIML . SZPRrPER RS A H LR
A i, HAFEERGAT L A Ly, RMAE B i
U B, HEA e . LTI A S
&, BEEAAT L BRI, ARSI A
FIFRMAE B [ ™ EZRVA T i 8, 5 A fuy

Ly HLSR IR BT s AT 8 3k o SR v 2 Sy Ly i ek
AAHE B, JAE s A RIS )

KIS e e Ty sCE AT Rk, &
Lo i NIRRT j SRR X, (=
1’2"“’Ncable’j:1’2’“"Ncabinet) ’ EI]

x; ={0,1} (6)

Kb, x, =1 R | AR AR NS 4%
FERNRE . WA @ AN )
ZellbE, W RiZa i8Ik « WA Bk M,
x, = 0 BRI § AN BE ATRIOUHE Y 58 ) 4T BN
(] R o
3.1.2 10 kV 372k B 1)IT 50 20

10 kV 2B KA 2507 3R AS A LS AR
RIS AT RN K, S8 B IR IT 2 TR
HAxT7 i 2 Fros

AL,
g e SERC EHABIL,

PRI i
10kvitidi 1

A

AL

LB

HHB
B 2 10kV BB uiET=E

Fig. 2 Schematic diagram of connection modification of
10 kV overhead line
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switching at end of 10 kV line
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Fig. 5 Distribution network diagram for a certain area
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substations and 10 kV line capacity

1okv  FAAft  FiEH 10kv 10kV 2kl
G AE/MVA AR/MVA ik AR/MVA I BCE(/A
HI 7 800
H2 10 1200
HY 3fi 40 10 H3 10 1200
H4 10 1200
H5 7 800
Ql 10 1200
QL 3 20 5
Q2 10 1200
LH 3fi 10 2.5 L1 10 1200
ZH % 10 2.5 Z1 10 1200

3 RRXERMARRERAN S HRERSH

Table 3 Maximum load data of the distribution network

. ; , KHTFRIN
SRR FEPUAE/MVA  EOKHA A
e
Gl 2.5 144 200
G2 5 288 300
G3 2.5 144 200
G4 2.5 144 200

R4 SN IR RS CUIE R B AR
Table 4 Modified distance data of cables of cabinet

km
EZNCLiE A B C D E F G H I
FMEA 0 10 14 19 18 21 26 11 13
HMEB 1.0 0 08 10 06 12 18 09 13
FMEC 14 08 0 05 04 09 14 12 13
BHMMAED 19 10 05 0 02 08 11 09 13
FMME 1.8 06 04 02 0 04 09 07 13
RRIEF 21 12 09 08 04 0 05 05 13
HMEG 26 18 14 1.1 09 05 0 1.1 13
FMEH 1.1 09 12 09 07 05 1.1 0 13
AMAET 13 22 1.8 1.7 15 12 14 08 0
=5 12 E L4 BBEHE
Table 5 Distance data of L2 to L4
Hh o FH 2§/km

- A 0.22

B 0.34

3 C 0.10

D 0.10

E 0.30

F 0.26

L4 G 0.21

H 0.15

I 0.16
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Table 6 Cost coefficient of three kinds of modification projects

Jigc
SRz 2 20 RH o FH o FH ws
LRSI Ry 0.5 0.2 0.8
MBI FHL FHL, RHL FHL
N LR 3% Fy 1.0 0.6 2.0 0.2

AR A ) 3 KD R A ey B ok B T d e i
IR 2017 4F 7 J1 25 HAKRCHEM SCADA KAk
H, K745 TIZT NPT 10 kV L 15 K
HLAAT o

% 1 RFXEBEMEH%&EREK AR

Table 7 Maximum load data of the distribution network

10kV 1514k SCADA S KHHAM/MW  IEHEKMEAE%
H1 54 54.2
H2 11.9 119.0
H3 11.0 110.0
H4 10.8 108.0
H5 6.0 60.0
Q1 7.0 70.0
Q2 432 54.0
L1 3.44 43.0
71 2.56 32.0

4.2 BHIERRDH

I THT R TG Y AR I VA o 1 SRR
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Tt 2 IR 28 S M FR R A B8
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MRV 5T . AR SR I o B 1AL Sk a4
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Fig. 6 Optimal planning solution of distribution system

for a certain area
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fEHLET AL By DAL, SEFRISATHY ZH AT LH
s AT, AR 4 AN, P R IR TS
IR T AR BT M, AT AL By D Abik
PRI e it o 7 o

EE 6(b)HF, HTEH 10kV 2% H2. H4 1
B BEIEM, WRIEE 3 n oA HBYE Gy
M G, FIERSNIE 2.5 MVA Al 5 MVA, NEZ
10 kV £l H2. H4 73l it Kl 11.9 MW
1 10.8 MW, 43 5 1.9 MW F1 0.8 MW, 14345
A HPEE N G T BRI o DRI, A KR
Gy F1 Gy 43 WIHEN 10 KV 2k H2. H4 5 SZPrAffT.
S A Gy I R TSIk HR T HE B IR AR
AT LR, BN G A AFRRIML G o 3T
oA YR Gy, HHEA 10 kV £64 4 HS,
TN 60%, £ HS HM 5 al BRI 110 kV HY
B A M DR 2.5 MW, 4041 2 HLUE Gs (1 9F:
WIZE % 7% Q2, K 6(b)AT %, Q2 B T #4y
H3 BT LR MAE E [ Fder . Aiksb Q2 i fifur, 3%
P A IR Gy WS D AR T %

ST, R 8 A TR IX R A X L
F NI C FEL Y S T e /N B R B P o

% 8 BEMEHIENR/IMRERBA L

Table 8 Comparison of cost before and after distribution

i H ez Fl WMTERETREF  RBF/JIC
#%1E DG 2.5 429 6.96
#% & DG 0.5 1.90 2.40

M 8 v, (e iEnmt)E, JHEam
OB FH LA A A IR S IR IR 2 . X 02
g I RS, 10 KV i 6 P4,
KKIFD T ASLEE 10 KV LRz 90 H

ORI 1077 AL T X 2% L8 A X FL g
F NI C FEL D9 285 SO T A7 i P B o fER R,
110 kV EARFAECRSE T 910 Fr it 43 10 kv 4% 71
W R AR L B 10kV R AR %ET
MRGIT AR AT EREL 10 KV B A

FRHE I 6(a)f1& 9 m 4, FEH S C AbBT IS
TFoe, JEWIT 2 IT 6 B1, ¥ 7 4 AN EHEAR (L)
2.0 MVA)Z QL uifltry, {15 10 kv £kl H4 A
HH103% T P54 83%, fift vk 1 261t HA [1HE K n) 7L

M 10, FEHIERE EA7 R AR SN 5.0 MVA
AT S HIE Gy, WA T LAEIR G B 1 5 2 A AR
(4123 MVA), filtde T 2kt Ha T H2 (P2 R

YT AL B AL, AT SIEFE T e A AL
B WAL T SR R L 1T 00, K HY 3 10 kV £k HS
1 HL Prats e o w4 LH 55 A1 ZH shfi e, 5

F 9 FEESHXBIROEBEMANGFRHREIT L
Table 9 Comparison of load ratio before and after

distribution system planning without DGs

110 kV MEler O MRS 10kv o BRIAT RkIS
ARG % % K EER% R Y%
H1 87.1 94.7
H2 114.0 73.7
HY 34 112 79.2 H3 116.0 94.0
H4 103.0 83.0
H5 77.1 0.0
Ql 97.0 97.0
QL i 87.5 97.5
Q2 78.0 98.0
LH ¥k 21.0 75.0 L1 21.0 75.0
ZH u 32.0 93.0 Z1 32.0 93.0

% 10 ZEDHNRIFEBMEE EEIT L
Table 10 Comparison of load ratio before and after

distribution system planning with DGs

110kV  #EET MG 10kV  HikIgT RIS
AN R R R ERE% IRE%
HI 87.1 34.0
H2 114.0 70.1
HY 112 75.6 H3 116.0 94.0
H4 103.0 90.0
H5 77.1 35.0
. Ql 97.0 97.0
QL i 87.5 97.5
Q2 78.0 82.0
LH 34 21.0 75.0 L1 21.0 21.0
ZH 3 32.0 93.0 71 32.0 93.0

L2y 8.3 MVA 4. #77% S A =UHIE G, I,
MIARFER 10 kV ik HS S4TSR, X 2Eh T
i H I G1 AR 2.5 MVA, A% HS £ 86T
A A 6.0 MW 38205 3.5 MW,

A G A A YR N, TR A
3 RO RAEAS HY st 112% RS
79.2%, MM 110 kV FAZZ LR EAAF1F LU AL -
e AT AR AT R, U HY 3 512805
112% FFER 75.6%. HHUEAT I, 456004 U IR T
Fict HEL 9 E5z 1 58 LU AL S e v ) ke T 521 48 AN b 3
FH s 382 R 3 b B A PR A ) B AR R

zE BRTK, 1) K] DG AR L sedetiedb
Jr ST, Flan s R DG JE T 1A B
BREETTF o0, B 0o, MRk s 2 H -
2) FEnAa YRR, e W 0 TR T FE M 1 X
S A7 ur PR, A P AL S H WY 285 1 R T R R AR
A e

5 g
H BT SGAR S50 A1 20 s K Al T e
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