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Fig.1 Structure of standalone microgrid
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Fig.2 Contraction-expansion coefficient control strategy
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Table 1 Parameters of the power source
e Bl
BlE A/ kW 100
PARE/ (m-s™") 3
i K/ (mes™h) 13
RIyRHEHL YIRS/ (m-s™") 25
W ERRLA % 90
i FHAERR/a 20
s/ (Eeah) 800 000
TAERE/V 36
TAEHL /A 8.19
BUE T Z/ kW 1
JGAR LI AR % 18
WA R/ % 97
i FHAERR/a 20
Mt/ (6B 10 000
BUE R/ V 2
HER R/ (Ah) 500
FERCHLR % %
LR R % 10~90
R AR AR % 96
i FHAERR/a 10
Bt/ (t-E7") 1000
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Table 2 Comparison of optimization results
among 5 algorithms
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Fig.7 SOC occurrence frequencies during
the simulated year
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Fig.9 Fitness statistics results
Xf e 3 A9 IORALES SR T 1, L.Q-GSA Fik
(P EEN (R 0.96 T8/ (kW +h) ™, Sy B g 533 v
AR, AT L LQ-GSA SR SR AR B e i, QGSA BRiik
W, ) DL S AT A 51 i R B R ROR
BE. W9 Al UL, 76 100 YAt #2 H, LQ-GSA
LB U R A% , IGSA 5 QGSA 53k
B3 A SR s (G i S B85 22, QGSA L IGSA #5

7, BB T QGSA B3k b R i i UL 1 Bk = 38 2
ATIEALE, B 2 AR R, | T LQ-GSA &
IEAE GSA JEAli b oI ARk 75 5 3k 4 /AT, 1T
A R, DR TSR (] BT K, QGSA
IGSA 2, PSO fefil . 235 % B F LSO T i
SEPEMNZ AT B, LQ-GSA B35 78 30 By 1 M 1L 4k
P EARRY T — PSR RE BB R AR B 1

4 £ig

BRI B A0 AT B D R, LR r ]
PEFNA]FEAE BRIEA 9 o L9 R A, ST T LUK AL
REWR A B/ o H AR B U0 AL B2, I3 ) LQ-GSA
SRR TR AR 2R T

(1) 3838 SC AP BT S o 7 B ol o) 2 i A AL I
PRSI (15 E T, W] LQ-GSA SLHGE T QGSA
SE D BN SR BB B DIC A ARG , SR FigpoRs 13 ARG R 1k
J7 T, FEHAR SO TT A 51 8 R Ak 5 PSO Bk
ARG R E

(2) SR LQ-GSA HIE MM % A1k
P B 75 125 RE 8% A7 80 AT A= B R ORI 2 57 33 M)
REMATT P FEIB AT, [, FEAR AR Go 0 & d it iy
PR R, A RO E ] A
SE 3k
[1] ZHOU X, GUO T, MA Y. An overview on microgrid technology

[ C]//2015 IEEE international conference on mechatronics and
automation (ICMA). IEEE, 2015. 76-81.

(2] L], ey, KR T, 45 REIR BRI SR 3515 S 4
ARLT]. LT, 2015,35(14) :3482-3494.

TIAN Shiming, LUAN Wenpeng, ZHANG Dongxia, et al. Tech-
nical forms and key technologies on energy internet[ J]. Pro-
ceedings of the CSEE, 2015,35(14) , 3482-3494.

(3] BHIS, TAEM, TR, % M NN ZRErEfE R 4

ALBCELT]. MRS A 31k ,2018,42(4) :30-38.
CUI Mingyong, WANG Chutong, WANG Yucui, et al. Optimal
configuration of multi-energy storage system in standalone mi-
crogrid[ J]. Automation of Electric Power Systems, 2018, 42
(4):30-38.

(4] W3z, 2, Jrimge. 5 b it Sz o ) 2 5 e B0

T [T]. mMEEAR, 2018, 42(7) :2206-2212.
PAN Wenxia, LI Jiancheng, FANG Kunhao. Optimization met-
hod of capacity configuration of standalone microgrid consideri-
ng subsidy [ J ]. Power System Technology, 2018, 42 (7).
2206-2212.

(5] BEPUW, 5K, MR R R 56T oo 3 s 8 5 0k 1y S7.
U R A AAECE [T]. B e, 2017,38(11) 1 121-128.
SHENG Siqing,ZHANG Jingjing, CHEN Yuliang. Optimal sizing
for stand-alone microgrid based on improved binary bat
algorithm [ J ]. Electric Power Construction, 2017, 38 (11):
121-128.



BRAR SF 5T LQ-GSA 7 R R A L AL T 53

(6]

[7

[}

[9]

[10]

[11]

[12]

[13]

[14]

[15]

RV, I, 20, 4. R JRECH R P A RE SUZ RS 4 L e
BHEIT]. B TR, 2017,36(6) :111-116.
YU Tao, YUAN Jian, YAN Yang,et al. A two-layer detailed op-
timization allocation method of energy storage in active distribu-
tion network [ J ]. Electric Power Engineering Technology,
2017,36(6) :111-116.
M AR, PR, 4. TR T A T IR A I
ML Az 47 [J]. o E i b TR 24 4k, 2014, 34 (19)
3073-3079.
LI Peng, XU Weina,ZHOU Zeyuan, et al. Optimal operation of
microgrid based on improved gravitational search algorithm[ J].
Proceedings of the CSEE, 2014, 34(19) :3073-3079.
FE PSS, P, . T A 5 R R AR
TXMMMA L] B RGP 5HH,2018,46(21)
1-10.
WU Guoqing, HUO Wei,MAO Jingfeng, et al. Optimization allo-
cation of residential districts” micro-grid via improved gravita-
tional search algorithm [ J ]. Power System Protection and
Control ,2018,46(21) :1-10.
LI P,LI R X,CAO Y, et al. Multi-objective sizing optimization
for island microgrids using triangular aggregation model and
levy-harmony algorithm[ J]. IEEE Transactions on Industrial In-
formatics,2017,(99) :1-1.
B, RS, Jrtest, S R T 4 T A Y
AV 74 i G EN RN e T I B SR EE R VI 2
), 2011, 31(25) .17-25.
MA Xiyuan, WU Yaowen, FANG Hualiang, et al. Optimal
sizing of hybrid solar-wind distributed generation in an islanded
microgrid using improved bacterial foraging algorithm[ J]. Pro-
ceedings of the CSEE, 2011, 31(25) .17-25.
RAMLI M A M, BOUCHEKARA H, ALGHAMDI A S. Opti-
mal sizing of PV/wind/diesel hybrid microgrid system using
multi-objective self-adaptive differential evolution algorithm
[J]. Renewable energy, 2018, 121, 400-411.
MOGHADAM M S, NEZAMABADI-POUR H, FARSANGI M
M. A quantum behaved gravitational search algorithm[ J]. In-
telligent Information Management, 2012, 4(6) : 390-395.
FAZLIANA ABDUL KADIR A,MOHAMED A,SHAREEF H,
et al. An improved gravitational search algorithm for optimal
placement and sizing of renewable distributed generation units
in a distribution system for power quality enhancement [ ]J].
Journal of Renewable and Sustainable Energy, 2014, 6
(3): 033112.
HRR, R, ARt BTSR[] &
Hil5 e, 2016, 31(9) :1678-1684.
CAO Maojun, LI Panchi, SHANG Fuhua. A quantum-behaved
gravitational search algorithm[ J]. Control & Decision, 2016,
31(9) :1678-1684.
MALEKI A, KHAJEH M G, AMERI M. Optimal sizing of a
grid independent hybrid renewable energy system incorporating
resource uncertainty, and load uncertainty [ J]. International

Journal of Electrical Power & Energy Systems, 2016, 83.

[16]

[17

[

[18]

[19]

[20]

[21]

[22]

[23]

[24]

514-524.

PRI RIS, R, S W) R R G R R B
FUE N BRI [T]. B R R 515 ,2018,46(22)
80-86.

MAO Jingfeng, WU Bowen, WU Aihua, et al. Adaptive robust
MPPT control for wind power generation system [ J]. Power
System Protection and Control,2018,46(22) :80-86.
RFAEURIE , 26 i W , 45 KL T ARV I 2% Fr) 2 A X
1R BRI AR ER SRR (1] B RGP S,
2017,45(2) :7-13.

WU Aihua,ZHAO Buhui, MAO Jingfeng, et al. Back-stepping
control for vertical axis wind power generation system
maximum power point tracking based on torque observer[ J].
Power System Protection and Control,2017,45(2) :7-13.
T, E, B, &5 S ROGSAR R & g 4 it AL ie
BT BREA, 2013, 37(3) :575-581.

DING Ming, WANG Bo,ZHAO Bo,et al. Configuration optimi-
zation of capacity of standalone PV-wind-diesel-battery hybrid
microgrid[ J ]. Power System Technology, 2013, 37 (3):
575-581.

GEEM ZW. Size optimization for a hybrid photovoltaic-wind
energy system[ ] |. International Journal of Electrical Power &
Energy Systems, 2012, 42( 1) . 448-451.

PARK J,LIANG W ,CHOI J,et al. A probabilistic reliability e-
valuation of a power system including solar/photovoltaic cell
generator[ C] /2009 IEEE Power & Energy Society General
Meeting. IEEE, 2009, 1-6.

KA IT AT, B BEZR , 55, 75 RE A RS T o SR e 17 4 20 7.
RO RO R E LT ], A B s ik i 4, 2017,37(7)
55-62.

ZHANG Youbing, REN Shuaijie, YANG Xiaodong, et al.
Optimal  configuration  considering price-based demand
response for stand-alone microgrid [ J]. Electric Power Auto-
mation Equipment, 2017,37(7) :55-62.

LI, BB, Wi e, 46 S AL 4 SRBE I R XU
KR ARGALREE[T]. 828 11,2017,45(9) :34-39.

LIN Yicheng, WEI Huanzheng, CHEN Yunlong, et al. Optimal
dispatching of wind-solar-storage system for household grid
connection under real time electricity price[ J]. Smart Power,
2017,45(9) :34-39.

B EE MR, L ST — B R Y 4
RAEIR LR Z S AL 2Rt i (] 8 2 )7, 2018, 46
(5):1-7.

JIN Yanming, TAN Xue,JIAO Bingqi, et al. Study on economic
and social benefits of global energy internet based on computa-
ble general equilibrium model[ J]. Smart Power,2018,46(5) .
1-7.

. R [l R 26 A 290 AR 50 A OBk
RGRATPTTE[ D] P92 PELd STRI R, 2017,
LUO Xi. Cost allocation of residential distributed photovoltaic

systems under the resource constraints in different regions of

China[ D]. Xi’an;Xi’an University of Architecture and Techn-



54 2 HEHEAR

ology,2017.
[25] thth, BUri, KW, & KOLE AN REUA R

BEACACIC S D7 (] T E AL TR 4, 2012,32(25) .
88-98,14.
XU Lin, RUAN Xinbo,ZHANG Buhan,et al. An improved op-
timal sizing method for wind-solar-battery hybrid power system
[J]. Proceedings of the CSEE,2012,32(25) .88-98, 14.
[26] XU, STFIR. T 50k i a7 B KOG H R K L A
O], B RG kA s ka4, 2015, 27(10):
69-74.
LIU Yanping, JIA Chunjuan. Capacity optimization of inde-
pendent wind/PV hybrid powergeneration system based on GA
[J]. Proceedings of the CSU-EPSA, 2015, 27(10) :69-74.
BV IR, R ST ETAALIERK SVM A
ST ] AR LR R 2= 2E40, 2016, 42(6) .
1093-1098.

—
N
~

[

LI Haitao,HE Yuzhu,SONG Ping. SVM fault diagnosis of au-
topilot based on quantum inspired gravitational search algorit-
hm[J]. Journal of Beijing University of Aeronautics & Astro-
nautics, 2016, 42(6) :1093-1098.

[28] ZHOU Y,LING Y,LUO Q. Lévy flight trajectory-based whale
optimization algorithm for engineering optimization| J]. Engi-

neering Computations, 2018, 35(7) :2406-2428.

YE# A

BORAR(1993) 95 WAL, WF5E 07
B REAC AL 1 S R AR &Y (E-mail ;
996252145@ qq.com) ;

HBEFY (1971) 2, 1WA, BBz, E R 5
] g B RE IR T I B HoAa ] 2 A e IR I
ZEA AR S5 o

Optimal sizing for stand-alone microgrid based on LQ-GSA algorithm
HUANG Baole, YUAN Xiaoling

(College of Energy and Electrical Engineering, Hohai University, Nanjing 210098 , China)

Abstract: The optimal allocation of independent microgrid capacity is an important link in the planning and construction of

microgrid. This paper presents a new quantum inspired gravitational search algorithm based on levy flight for independent

microgrid systems including wind power generation, photovoltaic power generation and battery. On the basis of ensuring the

reliability of power supply and the consumption of new energy, a model for optimizing the capacity of independent microgrid was

established.The global optimization ability of the quantum gravity search algorithm was enhanced by introducing the dynamic

adjustment strategy of contraction and expansion coefficient and levy flight. The model proposed in this paper is used for

simulation analysis, and compared with the results of other gravitation search algorithms and particle swarm optimization

algorithms, the results show that the proposed algorithm has high solution accuracy and stability, and can ensure the economic

and reliable operation of the independent microgrid system.

Keywords : standalone microgrid system ; quantum inspired gravitational search algorithm;levyflight ; contraction-expansion coeff-

icient;optimal allocation
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