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Abstract: It is necessary to consider the carbon emission trading between prosumers when
designing a distributed transaction mechanism in a distribution system. In this paper, a P2P
electricity-carbon transaction mechanism with the carbon footprint of electricity trading taken into
account is established. First, the carbon emission characteristic of energy storage system is
analyzed, and a carbon emission flow model considering energy storage system is established.
Next, a P2P electricity-carbon transaction model based on the carbon emission flow model is
established. Based on the improved Benders decomposition method, the original problem is
decomposed into the main problem considering network constraints and the subproblem of
optimal scheduling for prosumers. Through the interactive iteration of variables, the optimal P2P
electricity-carbon trading amount of prosumers is solved to protect the privacy of prosumers. Then,
a P2P electricity-carbon trading settlement model based on the Nash bargaining model is
established, and the cooperation benefit is distributed according to the contribution of prosumers
in the electricity-carbon transaction. Finally, the effectiveness of the proposed model is
demonstrated by case studies on the improved IEEE 33-bus distribution system. The proposed
model can not only ensure the secure operation of the distribution system, but also promote the
reduction of demand-side carbon emission and fairly distribute the benefit among cooperative

prosumers.
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Fig. 1 Time scale of electricity spot market, carbon emission trading market and P2P trading
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Fig.2 Iterative process of improved Benders decomposition
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Fig.7 Settlement fee of P2P trading
4.4 SFEAMT

X b BATR = A2 5y 3ok 73 Wi BT A 2R 0ok A 3807 T 8 WAL 2 AN B HE T B AR S, E T
Yo AR S P R AB Y 5 B AT AT AT 1

i 1 PR AT P2P HURESS S FIRICANAE 5, B A%V & B TRl R mieE s, R
AICFHRAL G

B 2. ANE R 3 ) (Y L BE 52 5 FIBRICARSE 5, 25 %7 Vi & ) I e s i . e
REE E ™ E S LA W RS 5 DU R AR oK, 38 R HE R T 37996 i R HE TSR R 3K

B 3. FREI R P2P WIRESE 5y, (EANFE L I I R e R, P TG
P2P BiICEIAE 5 o

® 3 NS R, Horp P2P Z 5% E N P2P X o S R BRI, 18
B, 0:00~24:00 HYAZ 5 AW 12 & AR B JS S C L A ) R 58 & Ly
103.44kWh, HLJAE 5 Ay 74.48 TG, B RABERMAS A 18.98 7T, HIRELL AN 93.46 TC.
FEBRHRTBORUTT 2 (R R ICAAE 5 By 32.75kg,  BRAFTBURUAE 53 B AN 6.37 T =A%
PR TR B AR, PR SRR DO R A, I ] P2P HEERL RN
43.32kWh, HLRESS 5 A AH B A AR T 39.7%, BRAFSEFEK T 14.9%.

TERES 1 Hr, PR P2P HLRERE 5y AR LA AC &) & 43 il v 64.32kwWh FiT 15.23kg,
EIRFERZ I 2 1 (A BRSO 2 3 T BN RO S AR, BV & s A B X = &
HIRA R, KRB ATIE i 7 H#E P2P HEEL B3, Wb T HSREA
Hl RS S s RTINS el 7 T TR RO RO A AE 5 TE M 26 2R R 1, BRI AR 1 1) P2P fikTC

WAL AW T P2P HIBEAZ B %o FERRHECE T T, A 1 MIBRHEBSCER A B 2 ANk 3



AR T 28.2%A1 15.6%. _F3& 73R W A $2 42 i SN REA e 27 Vi % P2P 22 %, [FIIRS

A BT 08D R HE SR .
® 3 ZMHATERIMLRILE
Tab.3 Comparisons of results attained by three modes
PR BT P2P %% 55 %1%
e eIk
HAEA  BRHESBUR A WA SR BRI 5 e

it 1 49.21 1.83 55.44 61.78 59.42

a2 93.46 6.37 0 0 82.75

3 4817 0 38.68 0 70.44
5 g

AR 7T Benders 73 AEIAI P2P HI-BR A S A BRI T 9 H- AN AR B 3EAT P2P U
TREE ST, IS PR AT B 05 E b, AR BUR 4

(1) 38T 5N SR A AR R 5 %, e T RO R R AL I
T FLB R0, AT RS T A R FHREAT e, BRI RERR DA -

(2) #:F Benders 7} VAR fE P2P P IH & H-IRAC 5 7 %6, A RIFHIWSUIE REAN T 52K
2, (R oA 2R SRR TT IR RE A BRI 7 2 1 B R a5 2

(3) He TG P2P Y2 4555 )7 SRARE ™V & H-ip 2 B e B W e EAT 70 T, 45
RAEHIFIN P2P RI-BRZE 55 A7 By T FRAR Vi 2 1O R BRAS PR HE OB URSAS, RIS A 4% 1™
THAEAE P2P -5 B TR TR EE s SERMA 2t AT 7 B

FEJG BRI FTH, UK PR AS I 38 1 D IRBE -V 2 AT 07 B0 M, (R IR =5 18 23 A1 307 2
SEALAH IR 55 B M U3 5 3.
SR
[ K AR JR . BE R Bk ik U Bk b A0 AR HE 4G 38 AT 3 i kI [EB/OL]. (2022-10-09)[2023-04-05].

http://www.nea.gov.cn/2022-10/09/c_1310668927.htm.

National energy administration. Action plan for energy carbon peaking and carbon neutrality standardization

improvement [EB/OL]. (2022-10-09)[2023-04-05]. http://www.nea.gov.cn/2022-10/09/c_1310668927.htm.
2 FET, WEH, TWH 5. B0 EIVIRSEER &b Rk iz @ s g 2] BARG B3,

2022, 46(21): 186-199.

QIN Boyu, ZHOU Xingyue, DING Tao, et al. Review on development of global carbon market and prospect

of China’s carbon market construction[J]. Automation of Electric Power Systems, 2022, 46(21): 186-199.

[31 CAO Z W, ZHOU X, HU H, et al. Toward a systematic survey for carbon neutral data centers[J]. IEEE
Communications Surveys & Tutorials. 2022, 24(2): 895-936.



(4]

[5]

(6]

[]

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

EfE, SR, ESREN, &5 T DCHCRE AL A H S L] R N B R A S RIS (D], R E
L TAES4R, 2018, 38(17):  5072-5084.

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

FZLY, SR, KR T, . BB E I Z R RHE AL X N R GE P2P A2 Sy HLIBETH[I]. o B EEAL
THRESER, 2022, 42(4): 1455- 1470.

GAO Hongjun, ZHANG Fan, LIU Junyong, et al. Design of P2P transaction mechanism considering
differentiation characteristics of multiple prosumers in community microgrid system [J]. Proceedings  of
the CSEE, 2022, 42(4): 1455-1470.

XSG, WU, W, & EEIEMNA 20 EARME RS I ESEEEINED]. PEBIIEY
#%, 2017, 37(6): 1618-1626.

LIU Lianguang, PAN Mingming, TIAN Shiming, et al. A non-cooperative game analysis of a competitive
electricity retail considering multiple subjects of source-grid-load [J]. Proceedings of the CSEE, 2017,
37(6): 1618-1626.

CUI S C, WANG Y W, SHI Y, et al. A new and fair peer-to-peer energy sharing framework for energy
buildings[J]. IEEE Transactions on Smart Grid, 2020, 11(5): 3817-3826.

MORSTYN T, TEYTELBOYM A, MCCULLOCH M D. Bilateral contract networks for peer-to-peer energy
trading[J]. IEEE Transactions on Smart Grid, 2018, 10(2): 2026-2035.

KIM J, DVORKIN Y. A P2P-dominant distribution system architecture[J]. IEEE Transactions on Power
Systems, 2020, 35(4): 2716-2725.

WANG B X, DUAN M S. Consignment auctions of emissions trading systems: an agent-based approach
based on China’s practice[J]. Energy Economics, 2022, 112: 106187.

YANG Y X, XU X. Production and carbon emission abatement decisions under different carbon policies:
supply chain network equilibrium models with consumers' low-carbon awareness[J]. International
Transactions in Operational Research, 2023: 1-31.

FENG F, DU X, SI Q, et al. Hybrid game optimization of microgrid cluster (MC) based on service provider
(SP) and tiered carbon price[J]. Energies, 2022, 15(14): 5291.

KANG C Q, ZHOU T R, CHEN Q X, et al. Carbon emission flow from generation to demand: a
network-based model[J]. IEEE Transactions on Smart Grid, 2015, 6(5): 2386-2394.

YAN Z Y, ZHOU T, ZHANG H, et al. Real-time carbon flow algorithm of electrical power systems based on
network power decomposition[C]//2021 IEEE Conference on Telecommunications, Optics and Computer
Science. Shenyang. IEEE, 2021: 467-470.

CHENG Y H, ZHANG N, WANG Y, et al. Modeling carbon emission flow in multiple energy systems[J].
IEEE Transactions on Smart Grid, 2019, 10(4): 3562-3574.

WANG Y Q, QIU J, TAO Y C, et al. Carbon-oriented operational planning in coupled electricity and
emission trading markets[J]. IEEE Transactions on Power Systems, 2020, 35(4): 3145-3157.
POURAKBARI-KASMAEI M, LEHTONEN M, CONTRERAS J, et al. Carbon footprint management: A
pathway toward smart emission abatement[J]. IEEE Transactions on Industrial Informatics, 2020, 16(2):
935-948.

NAN J P, FENG J R, DENG X, et al. Hierarchical low-carbon economic dispatch with source-load bilateral
carbon-trading based on aumann—shapley method[J]. Energies, 2022, 15(15): 5359.

B, REIEH, W, &5 o RERABOR K ) R AR, B RS B 3h1L, 2023,47(9): 23-33.
ZHAO Wei, XIONG Zhengyong, PAN Yan, et al. Low-carbon planning of power system considering carbon
emission flow. Automation of Electric Power Systems, 2023, 47(9): 23-33.

TROCHE, EARH, SEE, SF. BIEY BB ANR S 2 WA R 1 25 5 REVR bl XOU G EZ[J/OL]).
71 # £} H &) 1k , (2022-11-16)[2023-04-05].
http://kns.cnki.net/kems/detail/32.1180.TP.20221114.1633.004.html.

ZHANG Xiaoyan, WANG Luyu, HUANG Lei, et al. Optimal dispatching of park-level integrated energy



[21]

[22]

[23]

[24]

[25]

[26]

system considering augmented carbon emission flow and carbon trading bargain model[J/OL]. Automation
of Electric Power Systems, (2022-11-16)[2023-04-05].
http://kns.cnki.net/kecms/detail/32.1180.TP.20221114.1633.004.html.

RAHMANIANI R, AHMED S, CRAINIC T G et al. The benders dual decomposition method[J].
Operations Research, 2020, 68(3): 878-895.

ZOU J K, AHMED S, SUN X A. Stochastic dual dynamic integer programming[J]. Mathematical
Programming, 2019, 175(1): 461-502.

JOSE I, ANTONIO C, FILIPE S. Network-secure bidding strategy for aggregators under uncertainty[J].
Sustainable Energy, Grids and Networks, 2022, 30: 100666.

Lu S, Gu W, Zhang C, et al. Hydraulic-thermal cooperative optimization of integrated energy systems: A
convex optimization approach[J]. IEEE Transactions on Smart Grid. 2020, 11(6): 4818-4832.

LI G G LI Q Q, YANG X, et al. General Nash bargaining based direct P2P energy trading among prosumers
under multiple uncertainties[J]. International Journal of Electrical Power & Energy Systems, 2022, 143:
108403.

SI FY, HAN Y H, XU Q Q, et al. Cloud-edge based we-market: autonomous bidding and peer-to-peer
energy sharing among prosumers[J/OL]. Journal of Modern Power Systems and Clean Energy,
(2022-07-15)[2023-04-05]. https://ieeexplore.ieee.org/document983117.

P

R 1 A A A S

Tab. 1 Basic parameters of distributed prosumers

4 HfH

Coess | (TG * KW) [0.55,0.3,0.45,0.6,0.35.0.4,0.45,0.2,0.3,0.4,0.15,0.4]
M5 0.95

Qg/ (kW h) 4

Crg/ (JG + KW  [0.02,0.03,0.04,0.01,0.03.0.02,0.04,0.03,0.04,0.05,0.02,0.05]
g 0.02
Sg™ 0.95
s 0.05
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Fig.1 Topology of the IEEE 33-node distribution system



