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Table 2 MG parameters
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Fig. 3 Schematic diagram of relationship between payoff
function and game strategy
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Table 5 Energy trading results of method 1

MG 5 b fig it /kW
MG, 0

MG, —808.54
MG, 0

MG, —798.93
MG, —1266.97

T AR N DN ARE 010K 5 DN A RS 1T H .
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F6 FE2HEEXFER
Table 6 Energy trading results of method 2

MG 22 5 e / kW
MG, 835.97
MG, —808.54
MG, 1208.49
MG, —798.93
MG —1266.97

T IEEARR MG [ DN & g i s FUE R DN ARERE

xRT AEIREXFHER
Table 7 Energy trading results of method 3

I A ik 32 5 g ik /kW

wEE MGT MGy MGY MG MGZ
MG, 0 219.64  426.03 22240  187.18
MG, 578.74 0 605.70  404.87  340.09
MG, 349.82  219.52 0 195.82 140.29
MG, 545.02  389.71 593.42 0 354.44
MG: 566.15  443.61 644.13  448.37 0

H MG AR T G B B S MG, B A RER .

RS AXFEHREXZHER
Table 8 Energy trading results of proposed method

WA A B 2 by e i /kW
IR MG MG, MG, MG, MG. DNT
MG, 0 174.32  576.95 243.46 152.25 669.91
MG,  436.69 0 251.11  365.69  359.55  749.99
MG, 401.11  27.23 0 92.78 0 570.46
MG, 53527 374.55  403.06 0 396.24  601.71
MG, 749.99  539.73  447.12 574.23 0 0
DN~ 529.79 238.66 621.84 23573 136.08 0

F DN DN gl s DN R A BE&E

D)7 8 LRI B 2 0] L 45 540 B

M9 AT, 53k 1 H MG HBEN L AR RE B Ha
R R RR IR R 7, BT R LR & KOBE 57 Bt
Kk 3833406, HE2H5FL 1ML, 780 H
T 204446 kW Al A GBI, 1948 T 61.57 0K
AR 361.47 T T RMA . Tk 2T MG ¥
AT AR BB TR T AL I Y RE L SE B T AL B
P 1R T AR R Y S AR FHROR .

2) 7 % 2 FUAR SCOT 3 1 6 L4 S 43 #r

AR S5 R G R A K 2 TR X O ik 2 b
T 37.77J6. Fk 2% MG 5 DN [a] 47 X B )7 38
Sy A0 MG [a] A X 30 37 T ik B fE s BB R . A SO
WAET L 25R LS AT MG Z [0 1) BE & 38 Z Hl
il L oA SR T T AN R AL T R BE M A AR T I K
P T L R T L BB BRRE . RS X TN AR
W MG, K Bt 1% 5 FE 2% 3G T 2.48 7T , (R AH 4%
T MMGD F %t %14 28 U5 %026 19 B 8 42 T, 3 g2 ]
PIEAZ 1

3)J7 % 3 MIAR SCIT I 1% L 45 A 43 Hr

ARSI EEH , MMGD £ 48 5 1A fi1 45 3% A T
T 3T 2.81 0, A WUREAR T 23.7% .
2 3R BR Tl I AR B IR EAT RE BE2E 5, R % IR
DNERAE G kS 5 G5 E . AR MG
Z A T DAL B T S A I 5 R B
FIHT AP A B IR, DT B RE DR R AR . A
T3 75 B MG, MG A% i #5378 9% R3S Jm 1 0.33 ¢, {H
AHXT AR B T 7T LA Z 0

9 AEAAETHHRESRH
Table 9 Loss cost with different methods

Jrik ik s UIED FRFII/T SIS T /T
MG, MG, MG, MG, MGs DN
Fik1 7.18 0.61 7.87 15.66 383.34 414.66
k2 0.13 7.18 10.83 0.61 7.87 26.56 53.19
ik 3 2.80 5.27 5.16 3.59 3.42 20.23
AT 2.98 3.24 2.47 3.09 3.57 0.07 15.42

R B A VR TR T OR R A AR R es R
Shapley {8 1 %t & 7E Rl #1728 F H A BLA R4
Bd o 7690 8GR B BT, MG, il MG 1E R 4y L6
L 38 6 Ah B R 4y S AR ARk 25 149.28 JT Al
145.98 96, TEFNBRE BEAL M P FE 2 H IS , 45 B 199
U R 43 5] o 146.30 JC A1 213.96 6 . Hifil 32K
56 R IR B T E A . MMGD &4t
2 ARG VR 16 R 5 R 43 S B9 R L 5 SR 40
F 10 iR .
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F10 SEMWBFES ZRFE S BT EE
Table 10 Comparison of initial profit and secondary
profit distribution in cooperation

VST

Sy

i A
X MG, MG, MG, MG, MG, DN Lﬁ\ﬂ

i

G 1E) ) oo - _
P 146.30 —38.31 211.49 —37.44 —58.78 27.94 251.19
6 FE

A

N 126.58 26.41 251.19
W43 i 7

39.22 9.71 39.19  10.08




T A VE A0 B R 5 VR R 43 T X e 45 R AT
S R R T A B, (LR R AR AN A R
TE T B 43 B R 0 ) s AR R 25 AR 3 T AR R . H
U, AE AN 43 BE Y SR R 43 F2 AR 8 I E AT B
bl | T30 = o N T 1 R ST A S o LR AR 7 N
LR BT 45 A A VE P B ProTmk, WiRB T
e AL 1l B4 2 S

M 4 Shapley i 2% 8 45 %, MG, 1E & 1E B W
H ) BTk R T MG, B A0 56 025 43 B 204K T 9
o X PR 5 BTk AN DTG A B G K AR AR T
e 2 X% MG, 2 5 44 0 98 08 1k 18 OB 1 7= A= i
S PR, BT A AR S B T R R AT U 25 40 T
BRI AT, Zad R AT E , MG, H H 516k 7 K
MARAF T @ ANE B . MG, MG, MG 1E A 1E
90 465 WS 25 15 VR Sy Sl b Rl e D) 7 A I L AT SR R 2

TEARAE A BT R B AR 1 2 Gl I A P AR S D R L O AL O

SR fi AR AE RS A B I #R S T 2R, [RE R
B MG, TEAR AL U0 8 18 B2 o 18 5 R AR X /0N, (F 3 3k
TR Ay S FLR T AR B T R T X UE A
TR G B SR W 1) A B RN A R o

SRy 965 I AR SC T T AR S AR R B AN T R
Gi 22 v T AR B, BB LU R O Bk HEA T e

XF T AR AE MG Z R AT RE R A2 5, S
DN 17 4 85

AT :MMGD 2 48 4% T AR 4b T X 45 £
[ SN VoY =y g

M 1= 65 B, MG A1 T) 28 5351 2 6 788.37
—2270.79.2254.60, — 4 117.77 .4 000.59 kW , 7 P
PSR Oy 2 F HEAT AR AL R B IS L Akl 25 AR RE I
0 SR g B DX AN 2% 11 TR .

R11 AT AT =65 bF Y 55 | 15 7% 28 F A0 5K 2 B 8] 3 Bb
Table 11 Comparison of profit, loss and solution time of two methods at =65

ik 5 oy W4z /76 1% iy Dy R ARE 28 T /o0 SR A i

MG, MG, MG, MG, MG. DN MiF MG, MG, MG, MG, MG. DN @il  [H/s
X
;{;E 806.12 —465.52 267.73 —844.14 475.07 —427.07 243.15 9.77 542 0.16 9.76 545 0.19 30.47 6.86
A3 - - =
- 408.32 —192.72 135.61 —434.34 240.63 122.99 280.49  2.75 5.19 490 3.71 3.51 0.02 20.09 5.26

X7 B MMGD & 4 19 8% K 0k 28k
243.1570 . fE MG Z [Bl 1T RE 1 28 55 , 50 W5 HF Y
WA 55 A A 6 655 kW i FEA RE TR T AL BE S
DN W 372 42 T 427.07 ey W e 2 F . (HAS =
B e e e MG ] B 38 5 OF R 4t
DAL, T 3 T HOR P o) R AT, X
|7 KA IFE, AR 25 1Y 12.53% 0 T 24
K AR T B, % BRI GE R L S, R
A 25 R 280.49 JT , MHEE KT L EE B N T 37.34 96 .
R MG, . MG, MG i I 25 A1 380 b5 k2 1
764.36 JC , fH MG, . MG, . DN ) Il £, 2% J1] 41 % %t e
Ik /> T 1 232.66 90, W25 - FH T 37.99%, X &
Gui s L T ERELYE . 7R AL T R AR FE B O
7, A S5 ¥ A A e k2> T 10.38 08, BUAR AN
& MG, A& 5 450 FE 2% IS N 1 4.74 5T, {HRH X 44
Fe iz B T AT DL AZ

I A, 336 PR A 1 14 SR I TR 43 ) 6.86 s il
5.26 s, WA TR E 5 B 5 v AT
4 #iE

ASCHH T — AN [ MMGD % 48 19 7 [ B i
ZERE R U7 vk S T 2R 25 ARG - i e o

I BE A BT AUV BAIE fSH T LU 5

1) Fr 2 3k A 7 T 2R O s £ 56 1 B B 1 |
TR Ak v S B0 T A5 Bl el T ) e R A B SE o R
M TSR DT G B R B T S 5 I R B

2) FT $2 A 1 T2 3R W 3k ) T 5K R RE B B
A B AR, S8 T A2 (B | [R] B 2 8 R i, 5K
TNV 5. U5 EA R E T P BB AE 42 7t fig
TR ) FH 38030 0 22 5% 5% 25 T o LA 3

3VEEE IR T g M AL S B R X MMGD
R GERY R, 43 ok W B BE LA S PR AR G RE R B D
I IOE 2

Je B2 HE— 2 2 A IS R S A i R K
A 2 PR 2R X RE VR B A A A B 52 ) AR SRR g o B
N .

B 5% D0 72 F1) 0 2% hiZ (http : //www.aeps-info.com/
aeps/ch/index.aspx) , AR X E J§ Z 455 A LB
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Coordinated Optimization Method for Power Sharing in Multi-microgrid Distribution Systems

Based on Two-stage Game

WANG Yiqunl, PENG Hanmei*, TAN Mao*?, SU Yongxz’nl'2
(1. School of Automation and Electronic Information, Xiangtan University, Xiangtan 411105, China; 2. Hunan Engineering

Research Center for Multi-energy Cooperative Control Technology, Xiangtan University, Xiangtan 411105, China)

Abstract: The energy coordination and sharing in multi-microgrid distribution (MMGD) systems are of significant importance for
enhancing the economic efficiency of regional grids. Because a single game scheduling strategy is difficult to take into account the
interests of various stakeholders, an energy coordinated optimization method based on two-stage game is proposed, which fully
considers the realistic scenario of both competition and coordination among stakeholders. In the first stage, a non-cooperative
electricity price game model between the distribution networks and surplus microgrids is constructed with the objective of
maximizing individual profits, where the system selects different operation modes under various strategy combinations. In the
second stage, the MMGD peer-to-peer cooperative game model is established, aiming at minimizing the system transmission loss,
applying the Lagrange multiplier method and KKT (Karush-Kuhn-Tucker) condition to deal with the complex constraints, and
applying the Shapley value method to ensure the cooperative profit distribution. The simulation results show that the proposed
method can balance the individual rationality and collective rationality, and significantly improve the system economy.

This work is supported by National Natural Science Foundation of China (No. 61873222) and Key Scientific Research Project
of Hunan Provincial Education Department (No. 23A0142).

Key words: multi-microgrid distribution system; energy trading; two-stage game; coordinated optimization

http : //www.aeps-info.com 101



