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Research on black-start for microgrid

MU Long-hua, XIA Ming-dong, LIU Zhong
(Department of Electrical Engineering, Tongji University, Shanghai 201804, China)

Abstract: In order to improve the reliability of microgrid power supply, this paper proposes a set of black-start scheme for the
isolated microgrid. Based on the analysis of the characteristics and control of microsources, and the comparison of black-start
capabilities of them, the selection principle of microsources in the process of black-start is established and the control requirements of
them with and without black-start capabilities are expressed. Moreover, this paper analyzes the serial and parallel restoration strategy
of the microgrid black-start and presents that the parallel strategy with high speed is more appropriate for the process. At the same
time, the detailed operation procedure of black-start is formulated. The control models of microsources and the simulation model of

microgrid are built with Matlab/Simulink, and the simulation results verify the feasibility of the microgrid black-start scheme and the

operation procedure.
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Fig. 1 Structure of microgrid
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Fig. 2 Control model of distributed generation
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Fig. 3 Structure of the power control
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Fig. 4 Structure of the voltage-current loop controller
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Fig. 5 Schematic diagram of the PQ controller

D& filEah, WANSE A, it Al
NI 2 7 HOIE Lot P L grers 0 7 FH L 0928 1651 A 0 1
PWM A28 A T Va1 Vo

PQIE N, 7% v i S ZR e e el Ho A o) 51
RO, PRIERE 3 AR PR o PI i A
MSHH . PQEEHI RIS HLL V/eEHIgs h b,
HEAWANSHL, ARIXRAZSHO0 R SR 52 m #8
RKo PTLA, FESEPRBCESHN, NARYE BARIE O
FIPTSHOT ARG 5mdEA T

3 ERIMIEIRE RIS
T o R A Tl SR R S S 2,



ok FEL DR PR R R B S35 .

F b T S I 1) 0 2R A2 R A PR AR T 2 7k
R B O R e e 2L =R S IV P S R E e
A EB D%, Tk | 2458 B 2B E 3
D SRR B0 5 5 R 1) I SR SR mT 20k A TR
CLRRI) LA R AT A CURR I R A7

HI R 1 RT LA HY R AT P SR DA A T HE R Y19 1)
BE, RGfaig, AERRIIYH—HARE
BRES I LR R, AR 2D 1% 8
NI IR S, T DA% A SR S BN FE A
WA, o [FIYIIF R E . EAE N ) fe K 1)
LB RS IR I SRR Bhfe fy, (LU
A SRR B, ek DRI A
LA REE . BRIEZ AN, T AT O A
A SN EAR G IE Y, A TG, Xl s
A BRI A B s E T R . ARIMIFAT
WA eV A~ HA R sh e IR RN R 3,
SLRANIT ARG, WORHEER, BT R, Y
IR I R, RENS DU T R BT R AL
DRI R 2 15 218 2 R

=1 AME SREEX EE

Table 1 Comparison of two restoration schemes
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Fig. 6 Active power output, voltage amplitude and
frequency of diesel generator
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Fig. 7 Active power output of storage unit
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Fig. 8 Active power output of photovoltaic power generation

H1 6 7 1R St i ULl Y o g HL S i
R ATLUE I, S A AN RAT A1 H R 30
REJJ, T ELRERE A B9 PR S B A M L s S5 4
AR, RN TS BT IS it v eR
MV RIRERGEN B R 3, I ael s Bl IR
VI, AR LHERGER IR SR BE)
FI8 s e IR A r i) At D%, AR T PQE il 5
M RE R R ARUE AR R Dh R . ASEER IR T

PRI T A R S v ATk
SCYG e TR ST RS . AR I S
oty sUA R R 53 i R Gk AR
OB IE N BUIRAS, AT R R B s AR L
WIZERE, Al 9 SRR SR AR AN 22T 7
R2 WM BB ERIE
Table 2 Processes of microgrid black-start
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Fig. 9 Active power output of micro-generators
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Fig. 10 Reactive power output of micro-generators
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