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Abstract: In the multi - microgrid distributed power transaction market, imperfect user preference and unstable
matching mechanisms will cause traders to default. At the same time, the potential line congestion will also affect
safety of distribution network and transaction efficiency. Therefore , a multi-microgrid distributed power transaction
blockchain model considering user preference and congestion management is proposed. Firstly , user preference indi-
cators are constructed by using such information as user price,reputation value, historical cooperation base and maxi-
mum available power. The evaluation of both electricity buyers and sellers is conducted to form a ranking result of co-
operation preference. Then, a bilateral matching mechanism based on the Gale-Shapley algorithm is proposed to en-
able participants to obtain stable matching results in the two-way selection of the transaction market. After that,a con-
gestion management mechanism based on the depth-first search(DFS) algorithm is proposed to ensure the smooth ex-
ecution of transaction orders in case of congestion of some lines. Finally, the verification is performed based on the
Matlab simulation platform and Ethereum transaction platform. The result of the example proves that the proposed
transaction strategy can effectively alleviate the problems of user default and line congestion as well as improve trans-
action efficiency.
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Fig.1 Multi-microgrid distributed energy transaction framework
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Table 4 The number of historical cooperation between
each microgrid entity

Warg o R DA | W B i
B (R o = S (R

Sy 14 Si 7
S, 5 S, 6
Ss 2 Ss 2

B, B,
S, 9 Sa 10
Ss 8 Ss 9
Se 12 Se 10
Si 10 S 10
S, 4 S,
Ss 6 Ss

Bz BS
S, 13 Sy 11
Ss 9 Ss 7
Se 11 Se 11
Si 9 Si 18
Sz 5 Sz
Ss 3 S

B; Bs
Ss 11 Sy 12
Ss 8 Ss 2
Se 10 Se 8

L AS DRI AR v, W HL 5 B, 1) 5 HL 7 Se$ 38 B A H
IR A2, (H S W L7 B AR5 2 48 1) S22

GVEHIEN, BT B 7E B HL Ty Sof H P S VE T i L
B B AERT, S EUR B, 5 S B VL 56 R L, Bs 5 Se il
SRR DC X, By EH B R DE AR, 3

APCRLAL

UEAN , ARAEER 10 58 VT Be b 1 nl A, e A58 e It
KRS (B1, Ss) (B, S5) 2 (Bs, Se) «(Biy S5) . (Bs, S1) . (Be,
So AR, EEHLTTS; (S ANBE— UK /£ W HL T B, (B,
(4 FHRE T SR, 38 AR Tl 17 PR e Ak S AR 4l O 47 51) %
FRRVCHL , LA A TGN RN, e B 5 B
B &R FELRE 230 R L T S Se R B o

R T 2D G AT VAl G 4 R X D T 2 SR
(52, FH P Bs Be Bl BSR4 IS B DL RC4s
W5, MYERS(E BT, P Bs. Be il A B
U I, P BL-BLDCEC N [ B f fof 50 i S i i) 5 Fi
F T Bs B VG BC &5 S S i o 22 . PR, SO i
H [ 3L T Gale-Shapley 5.7 i VEECHL ] , GBS 221K
FiA T RER DEEC L A, e 28T s P #R il
Y VS LA , DN PR R T DT FLAIL AR 4 2 P A
PE ARG T 5 T 29 Rl R
54 PREBEENFISHF

A7 ERH 2 PRI FLRESE 2 I L WL IET 7, 4R
BEHLTT S, [ WA HE T Bs A& 4 72 kW, 85 #L J7 S, ] I
75 BG4 68 kW , 2552 ) TR % 1(10,9) 1Y S & 4
O 140 kW, B R I TR I KA . 7
BT R B URR  F EE DAE DR  Fh f
P A E BTV G , PR I 3 2 I3 By IR s i H
P& 550 m R B M

@5%”&

009 9606 009

T T R L R
@ Huiwsoteminnms @ ki migm o @ it ig
O mrEE A @ =z g P

6 % T Gale-Shapley &% ILE T FE
Fig. 6 Matching process diagram based on Gale-Shapley algorithm



+330- 202545

Eudz

Folts S

R5 FREHRIFXT LA RARM
Table 5 The impact of concealing preferences
on matching results

i GVEwEHEY NS

B Se>S,>8,>85>8:>S,(HLAL) S;
Se>S.>S,>85>8,>S, (EL5K) Ss

5. 8,>86>85>8,>8,>S(HL5L) S
‘ 8,>8,>85>8,>8,>S(FHLAL) Ss
B, S,;>8:>85>8,>8,>S,(H.57) S
S;>86>85>8,>8,>S,(ELAL) S,

B Se>S:>85>8,>8,>S(ELAL) S
) 8>8,>8:>8,>8,>8,(EL5D) S,
B, Si>S6>S,>85>8,>S,(HLAL) S,
' S:>S,>8:>8,>8:>S(Bafifh) S,
B, 8,:>8,>86>8,>8,>S(FHL5L) S,
8:>8,>86>S5>8 > S, ([t 1) S

7 REEEEFENZSBEE
Fig. 7 Transaction path graph without

congestion management

BEXT BRSSO, SCrh R T T DFS Sk EH
FEHHLH] . ARG DFS TR R 15 H S, 5 B3t
A 33 5AE AR, S5 BJLH 13 /G kAR, Bk
R 0.026 s MAESCH TSRS T, S, 55 Bs
Z A 72 kW R D 2R B 7 i, DR I e 9 3 ot B A
PR AS, XF S, Bl 68 kW HEAT I , D32 i RAIT
BT T LR 4 1 1) L BB AT I OO0 AL
&18,S, 5 Bs Z [ 72 kW SR 1 1(10,9,14) Firik,
S5 B Z [H] ) 68 kW 43 BB 431k - 1(11,10,9) 155
58 kW, [(11,6,5,4,9) i FIA i 10 kW,

gi LTk, SCrb B Y B ZE A EAIL R, BE AT DA
PRBEC L P (A 2R 85 28 4, O] DASEBIIT B — IR &5
T, [FIE N KT A e, DA T P R
W2 550 X RE RS 2 AR P

El8 ZEMHEBEMNZIERE

Fig. 8 Transaction path graph considering

congestion management
6 it

FEXHE G b 28 Sy B AP AE S Ty B A4
JSLAR fr S Wi , I 2% IR B AT 4R bR oo DR
AR T R P B 2, L BT B g 1 o 4 %
BH ZE 45 )0, SCrh g 1 B T XU HOR 1 Z2 3™
o3 AT RESZ Sy Y, P BT I P SR i 4 4
SE ) XA ULEL AR B , FIREIR IS Hh 45 2 5 Y B 28 3
WL, d5 ) 38 3 0 B 5 AT 52 40 20 3E , i 32 22
S5 .

1) SCH BT P D S48 B BE 6% B4 1T S e
FRY IR SO et O B P, T R A% U ]
PRS- ST I BTG LSRG = e AL

2)CH T FE T Gale-Shapley 57 (1 X1 PT
BCHL RE A 22X A A AT RERY DEBCAH &, T e 28l
THTA AR E R DR RS A R0 P AR s L
BLas R Ik GAEXT R E 2 [n] 8,

3)SCH LT REE S H % R DFS 530724 2 1Y) BH 28
BRI | RS A U R I ZE I SE LA &)
VTR — IR EETE , IRl B AT S i g e 4,
FEMEETH P 2 5558 5 A

AR A rpole 4 25 56 1 B IR ELIC  ARE I3
P F e 1 R, AR SR AR DR T P 3 2 T B BH 2
ZE G AL, T3 RE A B o A X HL BB A S
(TR

Sk :

(1] 3% M2 LA iS5 BB EAAR A L ey
o1 A sCRE IR 52 5y B AUBE ST (D). W R GE R AP S 1



B T R G RE

BITEE, X, R, 4 5B D R RE ZEAE BE A 22 300 23 A1 2 REAS By IX DA 8

331

2024,52(2):143-154.

PEI Lin, HUANG Cheng, YANG Xiao, et al.A distributed
energy trading model considering privacy protection and
decentralization[J]. Power System Protection and Control,
2024,52(2):143-154.

H WL SRR, AR e T
HEEBETH S ). BT RGEA B, 2015,39(14):1-7.
BAI Yang, XIE Le, XIA Qing, et al. Institutional design of
Chinese retail electricity market reform and related
suggestions|J]. Automation of Electric Power Systems,
2015,39(14):1-7.

XS HEE AL R OB M EOCHEEORDF R SRR
ML R G S8, 2012,40(14): 152-155.

LIU Wen, YANG Huixia, ZHU Bin.
technologies of microgrid[J].
Control,2012,40(14):152-155.

M L. F A eh R RE L B AR ). M REE A B
1k,2009,33(9): 1-4.

XIAO Shijie. Consideration of technology for constructing

Survey on key

Power System Protection and

Chinese smart grid[J].
tems,2009,33(9): 1-4.
kI, FE A RAERE , A SE T X R Y Bl X RE YR B
WG 199 555 v A HL T 2 By LA (D). 7 AR HL AT, 2021, 34
(2):1-9.

ZHANG Libo, TONG Limin,ZHOU Dequn, et al. Less-cen-

tralized electricity transaction mechanism of park energy in-

Automation of Electric Power Sys-

ternet based on blockchain[J]. Guangdong Electric Power,
2021,34(2):1-9.

O, B IR, EAERE. BT XYY 55 o
T HAE Gy 3B AR n SRR (D). T AR T, 2019, 32(1):
85-92.

JI Bin, MO Jun, WANG Jiayao. Study on communication re-
liability of weakly centralized electricity mutual transaction
based on blockchain technology[J].
Power,2019,32(1):85-92.

MR WX i, 200 AR BT IXRBEROR A0 A
AT IO A A R s B 2 IR S D5 U (D). L TR, 2021, 42
(6):17-28.

CHEN Tao, LIU Yang, LI Wenfeng, et al.

microgrid price-making strategy and economic dispatching

Guangdong Electric

Adaptive

method based on blockchain technology[J]. Electric Power
Construction,2021,42(6): 17-28.

R BT XHEE R Z UM RS L L S BT
[D]. PRI : IR Tl K2, 2020.

LI Ting. Blockchain technology based decentralized energy
trading for multiply - microgrid systems[D]. Harbin: Harbin
Institute of Technology ,2020.

i RE, B, EEE. DCHOBE RO TR BE PRIk ) 45
W& SR FHZER]. ) A J7,2021,34(7): 1-12.

LU Yao, MAO Zhixin, QIU Zhibin. Review of development

[11]

[12]

[13]

[14]

[15]

[16]

[18]

and applications of blockchain technology in the field of
energy internet of things[J].
2021,34(7):1-12.

Fofd, R, R, A R T X HE A S X A
AL B i ) B AL AR SR ()], P [ A LT R
#42,2018,38(17): 5072-5084.

WANG Jian, ZHOU Niancheng, WANG Qianggang, et al.

Guangdong Electric Power,

Electricity direct transaction mode and strategy in
microgrid based on blockchain and continuous double
auction mechanism[J]. Proceedings of the CSEE, 2018, 38
(17):5072-5084.

B2 LB a s, S B TRUSIE ] G R 43
JEAE T FREME[T]. LA, 2021 ,45(11):4356-4365.

ZHU Lei, CHEN Zhong, YAN Yunsong, et al. Hierarchical
transaction strategy of microgrid based on proof of authority
[J]. Power System Technology,2021,45(11):4356-4365.
QIU Weiqiang, ZHOU Tian, YU Shuyang, et al. Decentral-
ized trading mechanism of shared energy storage in a resi-
dential community considering preference of trading sub-
jects[J]. Energy Reports, 2022(8):474-484.

FERG, N5k B4 BT Gale-Shapley Bk
UL 5 0 A AR IR VE BC LI ). D &R 58 H S ik,
2022,46(18):65-73.

TANG Jiajun, WU Xiaogang, ZHANG Si, et al. Matching
mechanism for virtual power plants and distributed energy
resources based on Gale-Shapley algorithm[J]. Automation
of Electric Power Systems, 2022 ,46(18):65-73.

o X)L ME, SF BT XCHEE A TC HL N 22 L
HL R L i 25 R RS S SR, FRL IR, 2021, 45(6):
2237-2245.

MA Teng, LIU Yang, XU Lixiong, et al. Energy decentral-
ized transaction model of multi - microgrid in distribution
side based on blockchain[J].
2021,45(6):2237-2245.
SIRE XA, 5K I, S 2 RSO A S
I W R HLENI]. B &5 A 31k, 2021, 45
(19):100-108.

WU Zhiguo, LIU Jichun,ZHANG Shuai, et al. Peer-to-peer

transaction model of multiple power sellers and its dynamic

Power System Technology,

network fee mechanism[J]. Automation of Electric Power
Systems,2021,45(19): 100-108.

ZHANG Huaguang, LI Yushuai, GAO D W, et al. Distribut-
ed optimal energy management for energy internet[]].
[EEE Transactions on Industrial Informatics, 2017, 13(6):
3081-3097.

JIANG Xingyue, SUN Chuan, CAO Lingling, et al. Peer-to-
peer energy trading with energy path conflict management
in energy local area network[]]. IEEE Transactions on

Smart Grid, 2022, 13(3):2269-2278.
g2 M, 38 P, XU, 4. 3TN IR Y



+332- 202545

Eudz

Folts S

2 XA X RE TR AL S AL, LR EE AR, 2023, 47(1):
163-174.

HE Xinyu, DONG Ping, LIU Mingbo, et al. Multi - region
P2P energy sharing mechanism based on two - stage
evolutionary game model[]]. Power System Technology,
2023,47(1):163-174.

[19] £ B, SO, 3, 4. TR M Z B BR 540

AL B4 A 19 o3 A1 3R BEAS S A R[], FRL AR
2020,44(4):1302-1309.
WANG Yi,ZHAO Huihui, HOU Xingzhe, et al. Distributed
electricity transaction mode in microgrid based on
chaincode and multi - stage hybrid auction mechanism[J].
Power System Technology ,2020,44(4): 1302-13009.

[20] ZE4ifts, X, VRSLME, S5 T AR AT Y

3 A S HLURESS 5 X B RTRL()]. L T A, 2023, 44(2):
132-144.
LI Zhenwei, LIU Yang, XU Lixiong, et al. Distributed ener-
gy transaction blockchain model considering reputation val-
ue and electrical distance[]]. Electric Power Construction,
2023,44(2):132-144.

(21] EiE L. B iSO IR T 5 T 2 R R p s %
JUEGEE S FIEE BT IE (D] HN - #TTT R, 2018,
CAO Qingshan. Multi-attribute decision making model for
customer economic evaluation and selection in opening elec-
tricity market[D]. Hangzhou :Zhejiang University,2018.

[22] WANG Ting,DU Zhen’ an,ZHANG Kanjun, et al. Reliabil-
ity evaluation of high voltage direct current transmission
protection system based on interval analytic hierarchy pro-
cess and interval entropy method mixed weighting[J]. Ener-
gy Reports,2021(7):90-99.

[23] DUBINS L E, FREEDMAN D A. Machiavelli and the Gale-
Shapley algorithm[J]. The American Mathematical Monthly,
1981,88(7):485-494.

[24] BALINSKI M, SONMEZ T. A tale of two mechanisms : Stu-
dent placement|J]. Journal of Economic Theory, 1999, 84
(1):73-94.

[25] ABDULKADIROGLU A, SONMEZ T. School choice: A

mechanism design approach[J]. American Economic Re-
view,2003,93(3):729-747.

[26] BAMBAN, AR, ARULER, 45, JE T — B RIL M 2 30h

W NS 873 A R 5 B SR (D], A MR, 2023, 47
(1):205-216.
ZHAO Pengjie, WU Junyong, LIN Kaijun, et al. Peer to
peer distributed transactive energy strategy for multi -
microgrid based on consistency algorithm[J]. Power System
Technology,2023,47(1):205-216.

[27] B ALK 2 SIOOHE, AR a0 A IR ) C R R

WX SRS SR PR DL AL SR (], W R g A Bk,

2021,45(22):38-46.

XU Yan, ZHANG Hui, MA Tianxiang, et al. Coordinated

optimization strategy of fault emergency recovery and repair

for distribution network with distributed generators[J].

Automation of Electric Power Systems, 2021, 45(22):

38-46.

SRACE S BRARIN, 5. B )T B 28 B ZRIR ).

F A, 2003, 27(8) : 1-9.

ZHANG Yongping, JIAO Lianwei, CHEN Shousun, et al.

A survey of transmission congestion management in elec-

28

—_

tricity markets|J]. Power System Technology, 2003, 27
(8):1-9.

I E(1998—), B, FRAEAT R L, TR T @V A H
R BAE R 5 AR X 34t 69 & A (E-mail : ikaixin0214@stu.
scu. edu. ¢n)o

x| F(1982—), B ML @ HIE, EEMAT A G
N RS AR LR SRR AR R 3k dk R 4R AR R
R GHLR] B AT (B AZYEH)(E-mail : yang. liu@scu. edu. cn).

ERAB(1997—), B, AL, LBHFR T 01 A 5 A X b dk
T AeR R sk R

EF4A(1998—), F AL A, LEHMA T QAR F
ik BEARALIZAT .

Fa(1999—), B, MM R4, TR RT @A EE
e R AR B AT,





