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Fig.1 Microgrid energy architecture
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Table 1 Unit cost,ratio of operation and maintenance
cost to investment cost and subsidy cost of each object

g PMORAC o
KU ML 4912 1.0 0.194 7
b N 1430 0.1
EC 12 760 1.0 0.5
HST 8 294 1.0
FC 5180 1.0
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Table 2 The results of capacity configuration
in three scenarios

Yt WA/ & OLIREESI/ B EC/4> HST/4~ FC/f

1 40 2 603 22 12 30
2 35 2514
3 50 26 13 41

*3 3FFHRTHIKERTLL
Table 3 Comparison of income

in three scenarios AT
g Rl Obfkds HIE-EE-EHR
1 10.1030  1.1376 6.433
2 43138  0.2313
3 12.718 0 7.586

Yt 1 PR S SE RN AR R TS
2, s W WA . X2 TH 5 1 A i -
il -4 ARG, BB XUE DB IR I s DR e 5]
R Z i A, R IR /N 37 XS Ol #2 A B A 1=
WEESHT A FC Rs S RE % 10 Bl HE BE 4D 7T 07 o B85 1M
Yyt 2 hIJCREREZE vh T, P R AR 3R KT OL K
TR AR K, LA DA e W SO J o 67 A ik
HL SO R IR B, e R R B R 2 R
FZHENWSEER T o5 L5 3 P& S
HHE AR TR L R
DRLIEE , 38 R r MILZEL A £ S0 2 40 24 T B T LA 6 o5
RO HA A S E A R Z R TR, X
Je HH T AR IR L TG T8 S A8 i 18] - 348 i 3t 3k 4T
FAAERIREAME, B A KOG BT L, T A X2 5
HZH Bl R, AL Z T ROR L H RS, A
Rl 5 K ADEIR A9 5 1 BT BB Ay
L5 3 2N I3 3 o BRI R LA
AR A TR, U2 KUSAR

B S &l 6 7350 3 Bl st T B FERGEE Al
BRELTE . IO S WGl AR GE Y RE IR 9%
DU, B v e S W Gl L O R SR A B F T S,
Py ARG A R BB ST SR P

HIPE 5 &1 6 R, s 2 Hp 10 3 KUl Rk

240

160

80

E/kW

i ﬁ I
400
t/h

ok

300 700

5 3MHRTHHFRFLRE
Fig.5 Wind and light abandonment in three scenarios

5l
120 e
z | RS
=< 80 |
R

40t

I L I
I I
100 200 300 400 500 600 700
t/h

E 6 3fipsETHREE
Fig.6 Power shortage in three scenarios

R R T 1A 30 XU ADEIR & o)
R T AT K B S L R ), B T3
S 2 "hICRER ZE P BT, AR R EF TG, M
B 7S R, 2R T e R A RATY TGV B R B A
SRIN, A A B ] -l - R i RGE R RE R Ab 78, )
AFFADIERFR 3 B AT, 3 BT WUFEOE R FBRH
N AR AR 3 00 B3R R4 B
233 kW FlI 835 kW, Z it By £ 43 2 640 kW FI
782 kW, HigHt 3 MHI, TR | MFENFOCE R
BN AR, X2 T 3 Pk S
5, KHAE R T EERE R, A A R OR Y BE DL FLAS
B M s T 5 1 b XUHS G AR AR B EL AR R P ol
5 T T B R 1 TOC R N AR 1 0 AT DA
Sy FHERE PG A AT T K o A, ) - - H
RGEAEI ) 22 58 b PR I A B 5t H B 2
HBIE .

N R 1 P OG- AP AR
T, LAEL 7 gl 8 AEBARGEH, KU FDGIRAE A AT
£ NI -3 R e o3 i R L i b i e
HL iR 1) S B SR R AR ) 3

120

0 100 200 300 400 500 600 700
th
7 HIS-MEE-RERENEHE

Fig.7 Power curve of hydrogen production-storage-
power generation system



2 HEHEAR 116

0 100 200 300 400 500 600 700
t/h

B8 BRBLINEML
Fig.8 Power curve of contact line

i1 7 R ] - - R 8 2 B T Ak
T AR AR, TERE TIHARE OERE
RYIFRBINE - Dl HST 7598 B2 JA 301 46 R P45 A
[ A S LA A2 R A 90 2 B A o 5K, Hh S AR R
KRR ZARM A RIS MER o L 8 T, L
FL ) LD T E R B . 2 FC DLk
SR BT ICTE T A S0 Ao e SR IS DA 32 0 g L 5
BRA T2 EC LR R 2 3 R A ) U5 98 TGk T #E
WU, DGR Z2 AR Dy 8E 0] ) v 9 5 1

g5 B, st 1 XA 7 ONMERERE &
MAES 5 ERRE R AU , b iT DUPR R R g it e
RIS BN FE RGO, L R AT BT,

DS UESCH T B A T K- 2R 4 EARLAL
DR RO R — ] g AR AN 2 A £ 4K
AL LA R BEAT TS H, 45 2R354 s o

x4 AEFETHEMBEETHAKE

Table 4 Monthly returns of microgrid

investors under different methods AT

ik Kely Sbfkmsh  flE-E-EBRRE Sl
H—F g

T HRAEAE 10.821 0.911 9 6.047 1 17.780
EZAIE

TG 10.103 1.137 6 6.433 0 17.674

HH 3R 4 S Hr Al B — A g AR AT 75 HoAg
PRI R XS 8 e K, A R B IR Fl T N g — 4%
BE 5 R g oK, He b KUH S0 s o e R
LU e v, i A 4% B O R A AR, SO R 2 T
EZ S ErE SN R AINE| ey (L Ehy R A L R G
F IS 5E M 15 B8 A, 7EORUETCR S A
FHZEAN R B RTHE T (& 3598 5 e as s KAk, DGR
HL A - - RGN e G K T 24.8%
F16.4% , A F| T 15 H R P &5 5 58 7 1 < 0 B I
K,

43 ERANFXEMZRBBENAZERE
sp-A1)

SR 5 R X R G A A R RT SEEAE O,
M 2RF K FOGE 5 N R G171 25

Ko folr W 2R G0 4 A G L ) o R A A W] R A
2 GE k2 RBP4, 2 /) 38 G il v Sk 1 [ o s
RREPIR S, 9 h— " H i 2HFENFOEE R
BRI R 5 RGA LG A KRR, H 288 1A E
TG A B IS W LA | T R T AT 9
FFFE RIS 2

FERE R/ T
v 4735
= 4562
| 4388
D44
: iz
. 3.868
i i o 3.694
% 3.6 \ - o
% | 3.174
/ | i ' |
o, gl 300 3-000
2
l>§f“/*g 905 50 %0 R
ﬁ)‘fﬁoo 1 600 s B/

9 EMFNFAE.RRREEMAZEBAFNXE
Fig.9 Relationship between cumulative abandoned
wind and light,cumulative power shortage
and monthly comprehensive cost

1P 9 Jbr al i, Rl SRR ST XUFE O f A SR AR
R LR A /DN, B I AR SR A ZR S AR 3
KA RBFEHFE AL T 100 kW IR, 2R
FRBRHL IR T 500 kW LU I, 330 B o 24 DUXUHS
AISEARAE DAy F= 2R RN B iy AT (AL v Ik it/ N sl FL
R S XU S RO AR P 2l 114 2 I, G
FrFE G BEZ G0, 10 i 5 AT 6 ) o
Tl -l S-S R ST A A, TR M R S A
ZE AR ER A N

FI R [ Ml - -2 L 2R 9 430 08 A 35
1o, FHOREAR G AN B, TR I A BE K MLE 3t 47
FRICE, H AR 5 15 G0 L IR B S
TR LU R BOR AT 51 3 A e B ik —
A o S5 IEIR]INS , fo e 190 28 40 i B AR A D 1)
TR, e 25 1F T DI BRFR 23 mT v W 67 47 LA 3l A2
— R G FEL A BRI, AT OIE AT H o ) 2
BT R ERRA TR ] S B

5 #i¢

B0 - 2 M 45 2R B0 ol g 2 £ I AL I
B, SO A RS 5 3 R B R A ik
BRI AR S S X (R ok CATESS SR L
ERRL AR LR A AU RO I i R R, 58
FIIES 538 LA A, G 1R A 5k R A T
PEAT TR MR B0 BT TR LR 4518

(1) 5L AARE AR Be X K- 2 A
i BRI AR TG &, 50 R — TR



117 At - PIAERILARER 25 R TAR S MgRI XUt P A i e e B

FHLE , [RIRHERIE 4% 15 2 5 38 B A 45 e R AL RT3
GEMERLAY TSR TR . M ) - - R SR fE
RZMPEIT, BN T IERFOR, 15 TR A
iiE

(2) RBFFHITOEEAR R G R E RS
LARGTTIBTINFEEIRAR, RGUAE B CE N AUE M
IR AT A7 7 BEAT 2 S o 28 % 1 AT S Y
BRIEITR.

P RF R A IS R RE R E LN
L% AL S5 A, Al BEAE A SO RN 5
PRI AT A Z 18I AE — 72 i 22 , 9K 113X Fof A 22 7T
AR S i e & VS B Z N . SCR RS 4
JE T Xof DI AR H, [l AU A B2 XU HL - AR -t S — IR A it
ARG AL TR S
SE
(1] A3, TR, BRt, 45 SRR AN XUR B X i 537 3 ] P A

RERAEREHE AR SZ M 34 [T ). b E e AL AR 242, 2020,
40(3) .821-836.
HU Di, DING Ming, BI Rui, et al. Impact analysis of PV and
WT complementarity on access planning of high penetrated re-
newable energy cluster[ J]. Proceedings of the CSEE,2020,40
(3) :821-836.
[2] XU, BEaeuK, AR, S5 =5 TEIRC F 00 1 44 B g 14 23 A1 =
TRSHREMLIC & [T]. d D i 448 5 T I h 2, 2021, 42
(1) :166-172.
LIU Ruohe, JTA Yanbing, XIE Dong, et al. Optimal configuration
of distributed generation and energy storage considering the con-
sumption capacity in distribution network [ J]. Power Capacitor
& Reactive Power Compensation,2021,42(1) :166-172.
B SRS IME IR, FE. T AR BE IR £ REEL R -k -iE K
BERARLEARLT]. BLHAR AR, 2021,36(3) :446-462.
LI Zheng, ZHANG Rui,SUN Hexu, et al. Review on key tech-

—
(98]
[

nologies of hydrogen generation, storage and transportation based
on multi-energy complementary renewable energy[ J]. Transac-
tions of China Electrotechnical Society,2021,36(3) :446-462.
(4] AREDY, SRak=2 K5, ST v RS 7 0% RE R e S T o
JIEAFSELT]. M) TAREA ,2017,36(5) :45-51.
SHAO Zhifang, WU Jilan,ZHAO Qiang. Research on investment
decision method of urban grid coupled hydrogen energy storage
system[ J ]. Electric Power Engineering Technology, 2017, 36
(5) .45-51.
TREL, BRI, R, %5, T 58— REIR R G0 A RE ML AE 4L
(3], sp AL TR 4R ,2022,42(1) :83-94.
ZHANG Hong, YUAN Tiejiang, TAN Jie, et al. Hydrogen energy

—
W
[

system planning framework for unified energy system[ J]. Pro-
ceedings of the CSEE,2022,42(1) :83-94.

(6] Hhaay  BRil, 458, . I MRNE LRGN AR LR
FROEAELT]. RFHAE 4 ,2019,40(2) :422-429.
MA Ronggu, CHEN Jie, ZHAO Junchao, et al. Multi-objective

optimization for capacity of non-grid-connected wind/hydrogen

hybrid power system[ J]. Acta Energiae Solaris Sinica,2019,40
(2) :422-429.

(7] #8ET7, Sk 22, KT gl A s A MOt R il A G B DL

[J]. KPBHAE2AH) ,2020,41(8) ;227-235.
SHAO Zhifang, WU Jilan. Capacity configuration optimization of
hydrogen production from wind and PV power based on dynamic
electricity price [ J]. Acta Energiae Solaris Sinica, 2020, 41
(8):227-235.

[8] B4, BRTE, S/ dh, 2 i RO BE IR 5 2 TR X &
RARAE AR ] 5 (05,2018, 55(24) ;94-99.
ZHAO Junchao, CHEN Jie, MA Xiaojing, et al. Energy storage
capacity optimization for wind power/hydrogen system consider-
ing dispatching program and economy[ J]. Electrical Measure-
ment & Instrumentation,2018,55(24) :94-99.

[9] WEN T,ZHANG Z Y,LIN X N, et al. Research on modeling
and the operation strategy of a hydrogen-battery hybrid energy
storage system for flexible wind farm grid-connection[ J]. IEEE
Access,2020,8:79347-79356.

[10] Z=/R, BRINE R, &5 ST AR p oD M Rg &

EHAGMAMATILLIT]. BIMEA,2016,40(2) :387-395.
LI Chendi,CHEN Yuanrui,ZENG Jun,et al. Research on opti-
mization algorithm of microgrid energy management system
based on non-cooperative game theory[J]. Power System Te-
chnology,2016,40(2) :387-395.

[11] 4155, BETHEG MR i K-k - K 3 P A 5 [ D]
P2 P22 TR, 2018.

FU Jing. Study on non-cooperative game dispatching of re-
gional power system with wind-water-gas power[ D ]. Xi’an:Xi’
an University of Technology,2018.

[12] 8%, thma, LR, & TS FEHIER 2R il

HAE 5[], W1 B S ks 4,2020,40( 11) :48-53,
60,54.
WEI Chun, XU Xiangzhi, WANG Guofeng, et al. Non-coopera-
tive game-based optimal operation method of multiple energy
hubs [ J ]. Electric Power Automation Equipment, 2020, 40
(11):48-53,60,54.

[13] skaxe, LS, VFEIK, 5. JET 2 P AEA 1F IR 2

MRS A T i [T ]. 1 RGP S 45, 2020,
48(22) .127-134.
ZHANG Jinfeng,CUI Xiaodan, XU Jianbing, et al. An optimi-
zation method of load-shedding strategy based on a multi-user
non-cooperative game model[ J ]. Power System Protection and
Control ,2020,48(22) :127-134.

(141 TOMH AT, B3, 5. WIRE R B & - AR A i A

REVRIH N RGBT R RIS e [T ] vh E L LR
1% ,2019,39(16) :4659-4673,4969.
DING Suyang, LIN Xiangning, CHEN Zhe,et al. A design and
dispatch strategy of storage-hydrogen-cooling combined renew-
able energy absorption facility on rich resource island[ J]. Pro-
ceedings of the CSEE,2019,39(16) :4659-4673,4969.

[15] YAN C Z,CHEN J,LIU H,et al. Health management for PEM
fuel cells based on an active fault tolerant control strategy[ J].

IEEE Transactions on Sustainable Energy,2021,12(2) :1311-



2 HEHEAR 118

[17

[18

[20

[21

1320.

] LI Y,YANG Z,LI G Q, et al. Optimal scheduling of an isolated
microgrid with battery storage considering load and renewable
generation uncertainties [ J ]. IEEE Transactions on Industrial
Electronics,2019,66(2) :1565-1575.

] WAHBAH M,FENG S,EL-FOULY T H M, et al. Root-trans-
formed local linear regression for solar irradiance probability
density estimation[ J]. IEEE Transactions on Power Systems,
2020,35(1) :652-661.

] WANG Z K,JTA Y,CAI C,et al. Study on the optimal configu-

ration of a wind-solar-battery-fuel cell system based on a re-

gional power supply[ J]. IEEE Access,2021,9.:47056-47068.

TR, RGN, T8, 4. A P 2R S0 0 R S KUY

SRR E T[T RHGEY R, 2017,38(6) : 1517-

1525.

HUANG Dawei, QI Deqing, YU Na, et al. Capacity allocation

[

method of hydrogen production system consuming abandoned
wind power[ J]. Acta Energiae Solaris Sinica,2017,38(6) :
1517-1525.

1 AR B R AR, XY, 45 BETRIZRIR A R -le- TR 4 i I
EHFELT]. KIHAE -4k ,2020,41(9) :95-103.
ZHU Yongsheng, YANG Junlin, LIU Zhoufeng, et al. Research
on capacity allocation of wind-PV-EV based on game theory
[J]. Acta Energiae Solaris Sinica,2020,41(9) :95-103.

I EWeR, L. FIBAER B PRS2 IS 4T BE 1 Y I R R
Wop M AR E (] R FHRES4K ,2021,42(5) . 74-82.
WANG Xiaoyi, TANG Zhong. Capacity optimization of grid-

connected microgrid considering self-balance and independent

(22] AT, NS0, ANAT, 5. 25 TB R 52 5 1 X 3o 19 XU it

AREEMRAAITELT]. B2 (L) , 2020, 53
(12):1091-1096,1105.

CAO Jianwei, MU Chuanwen, SUN Ke,et al. Optimal configu-
ration method of wind-photovoltaic-storage capacities for regio-
nal power grid considering carbon trading [ J].

Journal of Wuhan University,2020,53(12) :1091-1096,1105.

Engineering

(23] B XM, XUER, 4% VA ZIT ik RE R GEAU LR 1

LT]. R AR ,2022,48(2) 536-545.

HOU Hui, LIU Peng, LIU Zhigang, et al. Optimal dispatch me-
thod for multi-energy storage system of electricity heat hydro-
gen[ J]. High Voltage Engineering,2022,48(2) :536-545.
ARG A T T L R Y U R X R A
FORBERS AT [T]. B M $A,2020,44(9) : 3297-
3306.

LI Xianshan, YANG Yuxiang. Optimization dispatching for jo-
int operation of hydrogen storage-wind power and cascade hy-
dropower station based on bidirectional electricity price com-
pensation[ J]. Power System Technology,2020,44(9) :3297-
3306.

TEH A

i B2 - PR HRTULARAR (1967) , 55, 1L, il
HAZ BT T R g L BOR K T AR
BEVR H_ b & H, ( E-mail ; xiwang_x@ 126.com) ;

BV (1994) , 95 W AE B A5 7 18]
T W 28 G B AOLAL IS AT 5

SEEI(1959) 4, Wit 20, WA S0,

eI 1 B ) R GERRE S5 o

AEPTAHREUI R

operation capability[ J]. Acta Energiae Solaris Sinica,2021,42
(5).:74-82.

Optimal capacity configuration of wind-photovoltaic-hydrogen

microgrid based on non-cooperative game theory
XIWANG - Abuduwayiti, LYU Haipeng, CHAO Qin
(School of Electrical Engineering, Xinjiang University , Urumqi 830047 , China)

Abstract: The capacity optimization and allocation of hybrid microgrid with multiple distributed generations is an important
aspect of microgrid design. The capacity allocation problem of the integrated microgrid system involving wind farm , photovoltaic
power station and hydrogen production-hydrogen storage-power generation system is studied in this paper. Firstly, three investors
of wind power, photovoltaic and hydrogen generation-hydrogen storage-power generation system are established,and the optimal
allocation model of wind-photovoltaic-hydrogen microgrid capacity based on non-cooperative game is established with the goal of
maximizing the profit of each investor. Secondly, considering economic factors such as investment cost, operation and
maintenance cost,power purchase and sale cost,wind and light abandonment penalties and load interruption penalties of each
game player,the capacity allocation of participants in the game is optimized individually using the particle swarm algorithm.
Meanwhile, the Nash equilibrium point that maximizes the revenue of each game player is determined. Finally, the wind speed
and light intensity data of a typical month in the region of Xinjiang is used for the arithmetic analysis of the microgrid capacity
configuration. The results show that the model can ensure the reliability of power supply with relatively low monthly integrated
cost and realize the reasonable allocation of microgrid system capacity.

Keywords : microgrid ; capacity configuration ; non-cooperative game ; hydrogen production-hydrogen storage-power generation

system ; particle swarm algorithm ; Nash equilibrium
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