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Dynamic service restoration strategy considering time scale for distribution network with DGs

QI Zheng', ZHANG Shoukui', LI Zhi', ZHANG Hongying', ZHENG Yuhang', HUANG Zhezhu®
(1. School of Electrical & Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. Liaoning Provincial Power Grid Corp, Shenyang Power Supply Company, Shenyang 110811, China)

Abstract: A model considering time variation of distributed generation (DG) is proposed here and successfully applied to
solving fault recovery problem in distribution network. According to the actual situation that real-time output power of
different types of DGs keeps changing over time, multi-period dynamic service restoration based on tensile time scales is
considered. A minimum summation of load loss in the restoration period is selected as the main objective function, and
the minimum number of switching operations as the secondary objective function. Firstly, the improved binary particle
swarm optimization is applied to obtain radial network structure excluding a large number of infeasible solutions.
Secondly, the strategy based on optimal recovery path proposed in this paper is used to perform load shedding operation.
Lastly, the minimal switch operation problem is solved by enumeration-combination method, then the optimal service
restoration switch scheme is eventually obtained. The example shows that maximized service restoration can be achieved
with the dynamic coordination between the main grid and DGs.
This work is supported by Science and Technology Project of State Grid Corporation of China (No. KJ[2013]896).
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Fig. 1 Operation mode of distributed generation system
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Table 1 Load capacity in the example
Bdar i ' B /A URGE R fidar f/A
1 25 12 25
2 28 13 31
3 48 14 38
4 59 15 31
5 19 16 56
6 33 17 34
7 19 18 78
8 26 19 46
9 37 20 58
10 25 21 49
11 28 22 25
x2 HHRBRRSH
Table 2 Parameters of DGs
A - JetREE fEREdiE BRI
kel - HE/A RAAR /A
23 & It — 70 20
24 AN 20 10 5
25 Jehk ARG 50 50 20
26 JeliE R 100 100 50
27 Sl — — 50
%3 FAEBARKENFELE
Table 3 PV output per unit in a typical day
I B JefRE bR 418 B JeAR Y Jobr 418
00:00—01:00 0 12:00—13:00 0.825
01:00—02:00 0 13:00—14:00 0.712
02:00—03:00 0 14:00—15:00 0.614
03:00—04:00 0 15:00—16:00 0.515
04:00—05:00 0 16:00—17:00 0.295
05:00—06:00 0 17:00—18:00 0.116
06:00—07:00 0.096 18:00—19:00 0
07:00—08:00 0.403 19:00—20:00 0
08:00—09:00 0.581 20:00—21:00 0
09:00—10:00 0.694 21:00—22:00 0
10:00—11:00 0.824 22:00—23:00 0
11:00—12:00 0.853 23:00—24:00 0

s Wigas S, o S, 78 7:00 Wiif, 2 11:00
foE5eke, HMBERTiERE SOC 424 0.5;

fh5—=: Wik S, . S, 76 L7 10:00 Wigf, #|
14:00 #5565, WETTiERE SOC #74 0.5,

MREA SRR, 1938 &1% st lah &
WA TT M 4—3R 6 TUR(E: PB, WHTE HIE DG, ;
PB,. PB,. PB, /Ml A6t %4: DG, « DG, AIDG,
P4 ORI ES Fitb it e “ PB RIAY R FRARITBER
P,
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Table 4 Dynamic restoration scheme for situation 1

- R PN/ N PB, PB, & PB, PB, #4&x  PB, PB4 PB, PB, #ls% DG
B (i) 5 ATHV/A WJA L AR A HIEYAR HD/A /AR HOD/A HIE/AR /A
7:00—8:00  1-2,1-7,15-20 1 25 19 44 3.699 5301 14797 30.203 36.994  53.006 50
8:00—9:00  1-2,1-7,15-20 1 25 19 25 1433 3.868 9.469 20.734 14328 38678 50
9:00—10:00  1-2,1-7,2-3,1520 1,2 53 -9 34 0.342 3.526 2.259 18.475 3.419 35.259 50
10:00—11:00  1-2,2-3,15-20 2 28 -9 43 0.507 3.019 3.347 15.128 5.066 30.193 50

ERAEDY 131 Ah(1310 kWh), JFRERIERECR 7 R, DG L) 759 Ah.

x5 BERIDTSHREARR

Table 5 Dynamic restoration scheme for situation 2

RO Kb KA PB, PB, #&x  PB, PB, fl5x  PB; PBfl4%  PB, PB, fl4  DG;

I B . .
(43 Tl) ws mE/A /A WE/AN /A HmE/Ah /A HE/Ah /A HE/AR /A
2-3,7-889, 12,7,
7:00—8:00 109 -9 44 1.785 3215 -20 45 17.855 32.145 50
9-25,15-20 9
8:00—9:00 1-2,7-8,15-20 1,7 44 19 25 0.06 3.155 5572 39.428 0.598 31.547 50
9:00—10:00  1-7,2-3,15-20 12 53 -9 34 0.043 3.112 5.548 33.88 0.429 31.118 50
10:00—11:00  1-2,2-3,15-20 2 28 -9 43 0.05 3.062 8.374 25.506 0.496 30.622 50

it 234 Ah, JFSRERERECA 17 Ik, DG 3Lt J) 665 Ah,

R6 BR=EZMNTHRERE

Table 6 Dynamic restoration scheme for situation 3

i NI ) K %ﬁﬁ PB, PBIZE'J?J? PB, PB': Fl4  PB, PB;: Flg  PB, PBi' Pl 4z DG;
fiiy  rE/A /A WE/AD H/A S HUR/AR /A /AL /A /AR /A
10:00—11:00  1-2,2-3,15-20 2 28 -9 44 0.558 4.442 2.788 22212 5.574 44.426 50
11:00—12:00 1-2,15-20 - 0 19 25 0.249 4.193 1.247 20.965 2.494 41.932 50
12:00—13:00  1-2,2-3,15-20 2 28 -9 34 0.547 3.646 2734 18.231 5.469 36.463 50
13:00—14:00  1-2,1-7,2-3,1520 1.2 53 -9 43 0.185 3.461 0.925 17.306 1.85 34.613 50

WURHUE 109 Ah, JFRERVERECH 8 1K, DG 3L J) 790 Ah.
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