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State-of-the-art Analysis and Perspectives for Peer-to-peer Energy Trading Technology in
Urban Community Microgrid System

JIA Hongjie, WANG Zibo, YU Xiaodan, MU Yunfei, XU Xiandong, WANG Xiaoyu
(Key Laboratory of Smart Grid of Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract: As massive integration of distributed energy resources (DERs) and demand-side flexible energy resources are
extensively applied, the structure, form, and operation mode of the urban community microgrid system (UCMS) will be
fundamentally changed. The role of end-users in the UCMS will transform from traditional consumers into prosumers
with energy production and consumption capabilities. The coordination and optimization of energy resources among
prosumers can be achieved by introducing the peer-to-peer (P2P) energy trading mechanism, promoting the economic
benefit, energy self-sufficiency, and renewable energy self-consumption of the UCMS. Therefore, this paper analyzed the
existing research of P2P energy trading technology in the UCMS from the perspectives of trading mechanism, operation
strategy, and modeling methods, hoping to provide some thinking and references for the market-oriented operation of
UCMS in the future.
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Fig.1 P2P energy trading market mechanism
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Fig.2 Diagram of P2P energy trading market structure
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Fig.3 Diagram of centralized P2P energy trading market
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Fig.4 Diagram of distributed P2P energy trading market

iz P2P e B Hy it #Ed, F Pl DERs A AL
A AR LU 84 &AL =2, T B4
R A Bt R B ICT 448, Fn kGt 5 F P (0 Bl
BAF WL, AR, A S WAAE AR, B
wr, T ES R IELE, S EEERE S
F i e KA 5 i, PIRe 2 ST BARRE
FEAIRI0), FEZUF 22— R F B R M 5 B A L
(price of anarchy, PoA)K & & fifiid i 37 7 SR AR
BB &y & INE 7B N S P 1o il N == I i1 s
HEL G RFER AR, i arae AR ER LSS
GNP BCE BRI T A% 14T A3, ki S B0
YRR — BB, Dyt e tH A0 3 4 R 2
SRS RGN, 7] LE G2 P2P fidgh
FINZE G IENIN, RS G AT 2 AR s HIOY .
WA XS AT P2P A2 5 T AR 2 N
%, FEBESAE TG LML SR
X Pt A K 2 A E L BHEOR, E57 P2P
T SCHEAESE, BEm e IR B A Ui
TENLE, FEDRIESASH P AL H R SRS PRI AT
7T, KRfgReE IR BosEg . b (D) 1E
AT T L ST, SCRRISS I BLAT A6 2C
LoHEARIMNEES, @57 75T C2C(consumer-to-
consumer) i MV AR 1) DU EARHELL 70 A =0 P2P B
Lo HIHHELR . SCER[S61EE S T BLE &L H L. %8
SRR UL KRR B L OMLRE R S
Widy, SCL T KEEH AR RG-S M &2 0%
AL . SCER[S71E S 7 2y P2P F4E T
WX P HAESE, JFgI N RESLINLHIR LB
MNESFRIEMZ G R, WIRE S ZEESA
P SCHR[S8]IE i 37 A B IX BB R B e &
ZIE R IRA P2P BEEAL G iy, LT HRERAR
F ek LA S G ST o SCHBR[SOTHR M T —Fi X P e

B G mipAR ML, i seh R M gk
HEATHE/E DERs Be8 I A BO TR &
T, FIRBEIUESL T A P2P BREAL S T4
FEAKESE, I Hisd G XHUEE DU Re 6 20 M 45
SRR, #E— D Eidt P2P REER S A (2) 1R
A A Ty B FIETT I, SCER[60]15: T- X7 H
VBT ANAS W RUREE B 20 A, ST T T )
b P2P IR T 37 N S EARAA e I 7%, (kT
A AR 78 o R S i 4 . SCHR[61 T2 ST
T M EBIE % DERs M R 40 1) 2 F o Xid
P2P R L], $Rh 73T R AR AR
(primal-dual gradient method) 4341 20T 37 75 5
%, SRR TR IR E S LN RS 50
TN 2R, 8 b H 28 4% 2 el BH %€ . SCiR[62]
PR —Fh 22t A PR BUAS e B T 3558 2
%, AL AN A AR B A, S
2 JRy A R e KA DA R F R A B . SCRR[63 ]
A T HE T 283 52 (pool-structured  auction) f) 45 HA
P2P ReR X oy iliys, KA & OB LA T %
SEWAZ 5y E, AT DAVE A AR H P B FAR AT T
SR L B AR I B i . SCHR[64] 2 T
Lagrange X7 70 fif S5 38 DA S RBE BEV2:, M 7 Wi
ZATEEH Z R Rem A i) AT A I R,
R4 FH 7 B AL B 15 00 SEB T fg & BRI B AR Ak
Be . SCERI651EEAL 1 i 2 H F- AT B 44 1t 2SR 11 2%
HuOt P2P e RS G hidg, Horh & AN s oK
iR HE T 22 % 75 In) e Fi (alternating direction method
of multipliers, ADMM)H] 43 4ii XAAAT 55 F B b, 7]
DAAS 21355 12 9 48 £ o DA K T 3 30 %A R e A P2P
TG R W . SC ik [66] K H Wasserstein  JE &
(Wasserstein metric) i) 1% ANy 2 P HE 2 73 A7 (1) BOR
£, JFESLERAE BIRH T 0 A 2 P2P 22 5 SR ILAL
M T

g BRIk, BAAW G T P2P RRER S 1T
HIELI R 3 A0 LI 0%, ER ORI # AT H
V6 DA SRR ORI () [RIEF, gt (R g =9 3 2 [a) 4t
W, - PRE TR . 55T L]
FHEE, A0 P2P Be AL B T 37 G 75 o 4 = i
BL, AT BLFE 20 M T L AR S 0 5205 7 Bic g
TERRIRAS 5y N7 UL R BB RA DRI AT 4 T, RIS
IR HTEE R
23 BARPPHEX ST

e AT, ER o RSk RE 1A PR /N



2458 i LR

2022, 48(7)

PR, EUB AN REE RS S R, 1
R RBUMA TR i 2L 2 T S BAR R 2T,
s I D) v s 2| NG N 1) VAL 5o € (PR oy g 2
JIOGESL A BN AR, ARy NP
T S B A T (aggregator), R R & 2 P2P fiE
BT,

REXTYE—ERE LEEETAT Y
(14 R AR A BE 70 BA S o3 A AT i i 2 oAk
fiE, TR ZHIRER P2P fEEAC 5 iipgs i,
HIFHmE 5 Prox. R AN R, 5
AR EANSE P RE R TR E RS
RIGTEEEET, RER 5 HE 2 W & HeedT
N+ DERs i@iTRA, PASAUAK T S 2545 B
B = & PN R A &, DME 5
Z 5 W= HE#ITX 7). EANEE T,
RAEMUSHERN S S 5Ty, HRENEZE
PR AR 2y () TR o o a7 T3R5
HAFEAENFEENREEHS RS RKER,
K& A4ty —J7 i nr LU A 2t FH DERs
() RG34 55— J7 T n] DA s N
IAE Gy IS a7, 22 @ P2P T b P i I £ AN o2 1
K161,

H AT A V27 56 X P2P Reli <2 2 1
SER AT EHEAT TR . Horhe (1) ERERK
WAL T, SCRR[77]3E HAKFE P2P REEAS
DI IE A B (federated power plant, FPP),
AT DA P B SR B B R T g e O e
H, LR DI MR AR B IRSS, SCHE B H %
AN HEIZAT . SCHR[78]HR H &A= & LIRS A 1) T
XS E5RE/N P2P ReEAL Y, Ja& Tt P A
Lo ULHC . SCRR[79142 AT ME T 51 A2 AR
BRI LR, RS TEFHITTIIE Y,
TRIEE T e 8 AT E £ LA™ W 5 (AR 25 o SCIRR[80]
HE—#r 7R A S W2 E 7 (distribution
system operator, DSO)Z [E][1] Stackelberg 3+ {H 2%
A, IR G B 2 R 3 (information gap de-
cision theory, IGDT)X} 1 FA= Gt /111 2 B A
SEPEATEAL . RIS R, B KER
#rarbhi@d 2 5 P2P fe B b LB s ek fe. b
TG T RE TR T, FR 5
W 7T se et B A T e kM m . (2)
TERGRAL G IETTH, N1 RIS AEae A
Z5MinsE 5 AU e SR, SCHR[81]EE T

0

K5 RE&EAPPREEXZTHRER

Fig.5 Diagram of aggregated P2P energy trading market
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Fig.6 Diagram of operational strategies for P2P energy trading
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Fig.7 Diagram of modeling methods for P2P energy trading
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