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Black start optimization strategy for island microgrid with

large number of inductive load
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Abstract; Extreme natural conditions often cause the collapse of the island microgrid which needs to be
restored by the black start. However, the black start is affected by a large number of inductive load due to
the particularity of the island microgrid load. In order to improve the efficiency of the black start of island
microgrid, this paper proposed a black start optimization strategy of island microgrid based on virtual active

load. First, a black start power startup sequence optimization model was proposed and the entropy weight
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method was used to evaluate the black start ability of different DGs. Then, a load recovery optimization
model was proposed with the maximum load recovery amount and the maximum load recovery importance
as the goals and solved by the PSO algorithm. Next, the path recovery optimization model of DG and load
was proposed. The model was solved by Prim algorithm of minimum spanning tree. In addition, a virtual
active load construction method was proposed. In the black start process, the inductive load and the parallel
compensation capacitor are considered equivalent to the active load, thereby improving the black start
success rate. Finally, the simplified 19-node microgrid structure was used as the test system for simulation
verification. The simulation results show that, compared with the traditional optimization of black start
strategy, the proposed method increased the load recovery by 46.8% during the black start process and at
the same time, took the load importance into consideration. Furthermore, the total path restoration time
was reduced by 8.8%. In addition, according to the proposed virtual active load construction method, the
simulation results show that when the reactive power provided by the parallel capacitor was sufficient, the
impact of the inductive load on the system voltage could be significantly reduced during the black start
process.

Keywords: islanded microgrid; black start; DG startup sequence; load recovery; path recovery
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Fig. 2 Virtual active load construction method
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Table 1 DG parameter evaluation index

DG AuE/kW  JgshBtE/min WERAES /(Y min D A5 9 < BE

DG1 1 500 4.0 5.1 95
DG2 500 3.2 3.7 72
DG3 300 3.0 3.5 70
DG4 780 3.5 3.3 85
DG5S 600 3.4 4.0 78

®2 WEMEHETHER
Table 2 Load data of microgrid

L I/ kW e P EIN 4 45 2K
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Table 3 DG black start ability evaluation

DG DG1 DG2 DG3 DG4 DG5S

PEE 0.720 0.334 0.307 0.385 0.399
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Table 4 Node capacitance compensation value

SR G T T AR I A/ pF
9 1051
13 476
17 793
19 991
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Table 5 Black start load recovery sequence

o B A Ja3h DG WK A
1 DG.1 15,18
2 DG.5 8.17
3 DG.4 6.7.14
4 DG.2 9.11.12.19
5 DG.3 10.13.16
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Fig. 4 19-bus microgrid line weight diagram
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Table 6 Optimization strategy for black start of microgrid

HEIE Jad DG A MR B AR PP e/ kW AR AR I /min

1—7—11—14—15,
1 DG1 15,18 142.5 142.5 18.2
7—12—13—5—18

2 DG5S 8.17 7—8,5—17 129.2 69.04 4.2
3 DG4 6.7.14 4—12,6—4 124.7 46.70 4.7
4 DG2 9.11.,12.19 2—8,9—13,19—6 139.5 26.50 5.6
5 DG3 10.13.16 3—14,10—11,16—4 62.9 10.15 4.9

B XGF ()4 108 A v 0 235 ) LA R A N 2 0, SR A A0 A T v i 2 RS 20 SR W AT X B L 7 il A 9 R
S LR AR EE T B e AR R SCHR (23 T ik A9 )2 R 3 i CAHP) X8 S 3l i IR R AT P-4 O #5 IR 8
H1 R BN /NI I 3l L 8 AR5 DR S B RE B DG I 1 B, 43245 AR 5 SCHRL24 1T 38 A9 Dijkstra 535 9547 5K
FL IR 5 BT 22 ) K O A, IR0 L SRS R D A-D AL PR S S R A SRR R B .
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Table 7 A-D optimized black start strategy

JAEEL JRE DG IKE WA A FAIRE B/ kW A EEE AR E/ min
1 DG1 7.10 1—7,1—10 88.1 17.62 4.9
2 DG4 6.12.16 4-6,4—12,416,712 77.9 28.72 8.2
3 DG5 17,18 5—17,5—18,5—6 147.7 87.54 8.6
4 DG2 8 28,78 54.0 54.00 4.8
5 DG3 14 314117 40.0 8.00 6.0
6 —  9.11,13,15.19 9—12,139,15 1419 191.1 99.00 8.4
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Ay P A2 i R A % 0 A L R e i 19 A 5 AR L AR SO BB S B 10 T S g B A K S L IR TRD R 37,6 min.
A-D AL F S Bl 5 B AR K S BN 0 40,9 min, BEAR KA G R Ik T 8.8 00 4R T Bl RS Bl Y
42 HEl 2. EEBRUATHNERMEMBEHHE
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PSS  7E Simulink - 5 5 HEAR RSR PEAT S S 05 0. b T 7R SRS Sh AR W R B BR A R B/ AR
B S35 T L i R S ) e T 45 ) e — A 0 S R I 4% 5 RS RL AN A 5 R



% 8 M R, AHKFTRM GOE LSS R B kA R ek 87

v, = — ] SAeT R
\ CB1

1 faffa g
27.2kW | L:Inad(, b6

57.5 kW | LI:Ina 7 b7 -
72.5kW J: Load1g ¢b18
— | 54 kW
ch8 Load8

cb15 Loadl5 1 70kW

BT —
\ CB4 —
| 14.3 kW

40.9 kW —}— cb16 Loadl6

53 kVar Load9 cb9
CB2 ) °

752k -

40 kvz Load17 <017 ¥:'_‘L k
¢b10 Loadl0 306 kW

39.2 kW 1

Load19 cb19

50 kVar — 23 kW
cb11 Loadll

364 kW J: Load12 cb12

18 kW L1 -

24 kVar Load13 013 —“@\ Vac @
CB5 /

cbl4 Loadl4 | 40 kW

Bs5 WENEENTEHEIEE

Fig. 5 Microgrid black start simulation model
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Fig. 6 Results of black start simulation
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