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Research on Microgrid Parallel/Off Grid Collaborative Scheduling Strategy

When Considering Network Reconfiguration

QU Bo, LI Xin, XIANG Xingyao, ZHANG Ping, WANG Dan
(State Grid Hubei Electric Power Co.,Ltd. Shiyan Power Supply Company ,Shiyan 442000, Hubei, China)

Abstract: A microgrid optimization scheduling model considering dynamic network reconstruction was
proposed for the parallel and off grid scheduling problem of microgrids. The proposed model was based on Benders
decomposition and decomposes the optimal scheduling problem of microgrids into a grid-connected operation
master problem and an islanded operation subproblem. When the grid-connected operation scheduling plan cannot
guarantee the feasibility of island operation, the network topology structure, unit output, and scheduling plan of
energy storage and adjustable loads in the main problem can be dynamically adjusted to meet the relevant
constraints of the subproblem. A new linearized power flow model for distribution networks that considers network
reconstruction was proposed to support the solution of the proposed optimized scheduling model. A random
framework based on unscented transform (UT) was introduced to make the proposed model more in line with the
actual power grid situation. The effectiveness and superior performance of the proposed model were verified
through simulation analysis of the IEEE33 node test network.
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Fig.1 The proposed microgrid optimization scheduling model
considering dynamic network reconstruction
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Fig.2 Schematic diagram of radial distribution network
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IEEE33 node microgrid testing system
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Tab.1  Characteristics of DGs
bl K Bk AR REY  AEIEE WO PR
5 JE/(kWeh) AW RE/ZR (KWehT)
Gl D 1 1.059 800~3 000 3 1500
G2 D 10 1.08 800~2 000 3 1500
G3 D 14 1.5 500~2 500 3 1 000
G4 D 26 1.334 500~2 500 3 1000
G5 ND 30 - 0~1 500 - -
G6 ND 32 - 0~1 500 - -
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Tab.2  Characteristics of distributed energy storages

At/ B0 G:N . N
B 7S . T/ NFECHLR ]/
(kW-h)  JARGEEAW
17 2 000 50~200 5
*3 AHHRAHEE
Tab.3  Characteristics of adjustable loads

ik=4 e BELRE 78 BT s it/ THHE A R )E sh
KB RS B/KW  (KW-h) I Bt Bt ]/

L1 S 5  0~80 320 11:00—14:00 1

2 s 8 0~80 320 15:00—19:00 1

L3 S 10 20~80 240 16:00—19:00 1

L4 C 17 10~50 300 01:00—24:00 24

L5 C 26 20~60 300 13:00—24:00 12

x4 SIEBNRARBE.AFERMSEEN
Tab.4  Hourly forecasted wind generation ,load

demand, and electricity price

W Wikt R/ Sy LAY/
B . —
(B4 1H) kW e (kW-h)™']

0.119 0.8 1.58
0.119 0.805 1.31
0.119 0.81 0.96

01:00—06:00
0.119 0.818 0.83
0.119 0.83 0.83
0.061 0.91 0.90
0.119 0.95 0.90
0.087 0.97 0.96
0.119 1 1.17

07:00—12:00
0.206 0.98 1.51
0.385 1 1.51
0.394 0.97 1.51
0.261 0.95 1.45
0.158 0.9 1.51
0.119 0.905 1.31

13:00—18:00
0.087 0.91 1.24
0.119 0.93 1.17
0.119 0.9 1.58
0.087 0.94 1.45
0.119 0.97 1.51
0.087 1 1.24

19:00—24:00
0.087 0.93 1.17
0.061 0.9 0.90
0.041 0.94 0.83

5.1 PriREC W gtk AR B ) AR M T T
oI BT P L A Rk i HE R 1 o AR

S MR A R BT, 3 E 50%~200%

T [ 4 b AN R 5030 20 2R AR SCHIr 42 LPF
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Fig.4 Voltage magnitude comparison of the bus
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Fig.5 Voltage angle comparison of the bus
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Tab.5 Errors in voltage magnitudes/angles for different load levels

1%
50 100 150 200
, SEHE S 0.004  0.009 0.024 0.039
£'1% o
AR 0007 0019 0051 0.071
P SEYE 0.011 0013 0.013 0.016
&' 1% — .
KM 0023 0.028  0.032  0.038

®6 FAEEEKRBHEANERERIRE

Tab.6  Errors in total power losses for different load levels

TEHRI%
50 100 150 200
ST BFS 47071 202.677 496351 975.712
FE/W LPF 47.121  202.864 496.622 976.171
/% 0.106  0.092  0.054  0.047

fERSIE . i 6 AT LIE H fEA R SRR, B
2 LPF SR AT R 45 S D R A FE A BFS SLFEA
— 3 I RIRZE RN, A R

FR R ASSOR T T 3 AR R BB
PIDEACTRIEE T3 58, LASE— 28 B IE A SCRT S A 7Y K
. e 3 Mg S, w] U G AR LR/ IMETH 2
JEAS 1 BE F A, I ELREAE 5 2 FH P 08 FH P ek 1)
By 2R, i AR 2 AR BE TR IR 7 fs

R7 WHEAIEETE
Tab.7  Adjustable loads schedule

I B (01:00—24:00)

LIroooooooooo0o11110000000000
2000000000000001111100000
30000000000O000001T1T1100000O0
M411r1r11r1r11r1r11r1r11r1r11r1111111
5000000000000 111 111111111

5.2 ZREEIE W 2R AR ML A E
TEA % JEHC i W 20 i, % e BILA G 3%
AR AR B A | R A A 9 B 30 P 2 Ak T A
BAPIRAS ; T HLAL G2 WA A8 17, EEAE T
YAy et Fe i 00 B AR 18 2 4 0 25 e B AR A
i, DA Or D A I 38 A 7R A5 LA G3 A
G4 NI A B AN I8 B B Ak TR AR s 21
T AH BE 2% B 7 Al (IR A s BEdE AT 7T H , 76 97 1o
WA B BE A TR o ISR A I ) A3 A1 = U
F# BE 0 B 0 R E TR AN 36 8 TR o FE 1% 5
T SR AAS B M A2 A TRAS R 77 151.62 7T 6

®$ SR BEMEENEETIR

Tab.8 Distributed power generation and energy storage schedule 1

A BE(01:00—24:00)

Gl 1 11111111111 11 1111111111
G2 1 1 10001111 00O0O0TI111111111
G3 00 0O0OO0O0O0O0OO O O O O 0000000000
G4 0 0 0O0OO0OO0OOO O O OO 0OOO0O0O0OOOCOO

DES-1-1-1-111111-1-1-1-1-1-1111111111

MR 5 ATLIE AR SO LPF 7 ik AEit k)
24 P, S L AR A 0 LA vy ) A B 5 Bt 17
BRI, T AR 22 WA S, (H RIS
200% MR i IT LA RERS PR Rr AL 8 5 (R
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Tab.9  Distributed power generation and energy storage schedule 2

I} B (01:00—24:00)

Gt 1111111111 1111 1111111111
G2 0001 111110001 1 1100011111
G3 000 0O0OOOOOO OOOOOO0O0O0O0OOOOO
G4 0000000111 0O0OO0OOOOLII100000

DES-1-1-1-1-11111-1-1-1-1-1-1111100000

5.4 EBEDEE W 29 3R H0 M 48 = 4 B9 B R A 4L

W E

BT 53 s, it — 2 R W A A
XoF A FEL O 0 8 B T R A 7 5K, Pl A5 380 7 e
PEHEE AN 10 7R iR R 1T i T4 Sy
S PE EE TR AR 1R
#10 HHXEIEMEEENAEITRIERS
Distributed power generation and energy storage schedule 3

MF B (01:00—24:00)

111 1 1111111111 111 1111111
G211 100011111000 111 1111111
G3 0000000000011 1 000 0000000
G4 0000O0000O00OO0O1ITI1T 100 0000000
DES-1-1-1-1-11-111-1111-1-11-1-1111111

TES2 M3 s, 8 T RIS IE,
BLEH G3 7 B A B2 J 30 N R B4R A 5 T =% T XY
28 F AT DL 38 AT IS T OCekE T B A ik
PEAE , INTAILZH G3 RE % 7E T far v W48 ) B R 43
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Tab.10

Gl

G S A E B SR o R, O e A
FNAEHE R HILEH G4 7EHE S 3l 132 i a] Ay 384 H: e,
ML THLS o A O I R 26 AR Al E A s
T ARG D YIRBFE s B A A BE R G RE S TE
AR A B B (— R AT ILAS /N SEAFTE 2
AE , PRUEHRE A8 75 T g W ] B LA g D AR k47
T e A F T RGN 2 8 BN . TR
Gysc N oRAS B R A 3B AT AR TR A R R
78 771.59 JG,

2R A2 T Benders 43 5809, HAH
N IEAGE R AN R 6 IR , MR Xt HE, BIACK % &
W 51 W 32 0] 55 AR 3 A7 - (0] R AT 40 ik 1Y)
FEATT BT RK A% . FTLUE L FE R —T 53K
R E R TR 0 42 Yk AT AR Bk
S, 7 Benders 73 6N AT 27 IRaEAITHE
RIAT 5 B, AT Al LA Y, 3 52 2K ] Benders
Oy RS AR R T O O T 5 0 0 Ak 7 B i)
R SR AR B, T LA A Pl 0 G 0 AT A
FETRIEE 4 v i M RSB AT AT SR

= T 8 —8— Benders/) fif
= 60f
Z 7
:\§ 40F
B
m 20f
0

0 é é ; lI2 1I5 1‘8 2Il 2'4 2I7 3IO 3I3 3I6 3I9 4I2 4'5
AR A
6 RIS EA

Fig.6 Comparison of iterative convergence processes
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Tab.11  Comparison of operating costs of microgrids
solved by different algorithms
ik BTG
521l 53R 5495
UL RS 77 310.17 85 037.74 79 198.98
BFREEE S 77 261.92 84 906.77 78 999.07
R LPFRE: 77 151.62 84 775.79 78 771.59
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Fig.7 Comparison of operation cost of different cases in both
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