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Matching-based Energy and Carbon Sharing
for Prosumers Considering Social Behavior and
Low-carbon Preferences

Lu Tan, Nian Liu, Jie Huang, Haonan Sun, and Kai Jiang

Abstract—Peer-to-peer (P2P) energy and carbon sharing
among prosumers promotes the local decarbonization, yet it fac-
es new challenges due to the dynamic roles and heterogeneous
individual characteristics of prosumers. This paper considers
the social behavior and low-carbon preferences of prosumers,
and proposes a novel matching-based energy and carbon shar-
ing scheme. First, a bidirectional carbon emission obligation
transfer model via sensitivity coefficients is developed, enabling
dynamic allocation of emission obligation based on the energy
sharing strategies of prosumers. Second, the hybrid preference
model of prosumers in P2P energy and carbon sharing is formu-
lated, which integrates, besides economic-based preferences, the
considerations of social behavior and low-carbon preferences.
Third, a supply-demand ratio (SDR) based proposal method
combined with a modified stable matching algorithm is devel-
oped, achieving faster market clearing than conventional alter-
nating direction method of multipliers (ADMM) methods while
guaranteeing weak Pareto-optimality. Implemented on an IEEE
33-bus system with 32 prosumers, the proposed matching-based
energy and carbon sharing scheme can enhance the participa-
tion of prosumers, encourage prosumers to choose cleaner ener-
gy, and then reduce the total carbon emissions of cluster.

Index Terms—Peer-to-peer (P2P), prosumer, energy sharing,
carbon emission, social behavior, low-carbon preference, match-
ing theory.

NOMENCLATURE

A. Sets and Indices

Set of all prosumers

a,b Indices of any prosumer, where a is either

buyer or seller side, and b is the other side
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Child and parent nodes of node i

Indices of nodes where prosumers locate
Index and set of lines

Matching policy

Energy and carbon matching result matrices

Sets of energy buyers/carbon buyers, and en-
ergy sellers/carbon buyers in time slot ¢

Sets of energy buyers/carbon sellers, and en-
ergy sellers/carbon sellers in time slot ¢

Sets of energy sellers and buyers in time
slot ¢

Sets of carbon sellers and buyers in time
slot ¢

Indices of the i" energy seller and ;" energy
buyer

Indices of the i" carbon seller and ;" carbon
buyer

Preference list of prosumers
Index of time slot

Peer-to-peer (P2P) energy and carbon shar-
ing result matrices

Carbon intensity of captive power plant (CPP)
of node i

Carbon intensity of energy from external
grid in time slot ¢

Power loss sensitivity parameter between
nodes 7 and j

Parameter of prosumer of node i to quantity
satisfaction when consuming energy

Weighting parameter indicating impact of
friend-of-friend (FOF) parameter and credit
scores in social layer

Credit scores between prosumers a and b in
social layer

Weighting parameters of hybrid preferences

Friend sets of prosumers « and b, and com-
mon friend set of prosumers a and b
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Reservation prices of prosumer of node 7 in
energy and carbon sharing in time slot ¢

Reservation price of prosumer a at current
sharing iteration &

Sharing price between prosumers a and b for
the m™ energy or carbon sharing

Energy selling and buying prices with exter-
nal market

Carbon selling and buying prices with exter-
nal market

Hybrid preference value of prosumer a to b
Cost coefficient of CPP output

Remaining energy demand and surplus ener-
gy of prosumer

Initial free carbon quota of node i in time
slot ¢

Upper and lower limits of square of current
magnitudes for branch

Current calculation iteration and total itera-
tions of credit score calculation

Index of historical energy or carbon sharing

Photovoltaic (PV) generation and initial load
demand of node 7 in time slot ¢

Upper limit of CPP power output of node i

Resistance and reactance of branch between
nodes 7 and j

Upper and lower limits of node voltage

C. Variables and Fuctions

P
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it?
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grid

Ay

line

K
Wj —b> ‘//:1 —b
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PP

cp CPP,i,t
CP trading, ij, t
cpP

loss, ij.t

c it

Node weighted carbon intensity of node i,
and carbon intensity of sharing energy be-
tween nodes i and j in time slot ¢

Node weighted carbon intensity of node i,
and carbon intensity of sharing energy be-
tween nodes i and j in time slot ¢

Carbon intensity of sharing energy between
node i and external grid in time slot ¢

Carbon intensity of line / in time slot ¢

Economic-based preferences of prosumer a
to b in energy and carbon sharing

Preference degree of social behavior of pro-
sumer a to b

P2P energy and carbon sharing prices be-
tween nodes 7 and j

Carbon emission of CPP units of node i in
time slot ¢

Carbon emission of energy sharing between
nodes i and j in time slot ¢

Carbon emission of power losses between
nodes i and j in time slot ¢

Fees of trading with external carbon market
in time slot ¢

€, P2P energy sharing quantity between nodes i
and j in time slot ¢

f(x) Function describing whether x is larger than 0

8t P2P carbon sharing quantity between nodes i
and j in time slot ¢

I Square of current magnitudes of line

Py Low-carbon preference of prosumer a to b

P.,.0., Active and reactive power flows of line (i, ol.)

P, Power flow through line / in time slot ¢

PTIDF, Power transfer distribution factor between

nodes i and j through line /
Ppp, - PE CPP power output and transactive energy

with external grid of node 7 in time slot #

Proais Optimized load of prosumer of node i in
time slot ¢

V24e Fee of trading of node i with external grid in
time slot ¢

e O Tradable energy and carbon quota volume of

each prosumer of node i in time slot ¢

o Injected reactive power of node 7 in time slot ¢

R7 Unbalanced carbon trading of node i with ex-
ternal market in time slot ¢

SF, Shift factor between node i and line /

U,i»Ugcsp,  Utility functions of prosumer of node i and
energy and carbon sharing provider (ECSP)
in time slot ¢

v, Square of voltage magnitudes of node i

[. INTRODUCTION

NDER the policy of total carbon emission control, both

carbon quotas and energy are treated as scarce, trade-
able commodities. Peer-to-peer (P2P) energy and carbon
sharing among prosumers is regarded as an effective solu-
tion to promote local prosumer-centric decarbonization [1],
[2]. Fueled by rapid advances in information and communi-
cation technologies, P2P energy and carbon sharing network
already function as cyber-physical system (CPS) in energy
[3]. Actually, P2P energy and carbon sharing foregrounds the
active participation of individual prosumers, yet the multi-
agent nature of these prosumers is driven by social attributes
of heterogeneous and value-laden preferences. Incorporating
the individual behaviors and interactions of all the partici-
pants in CPS, P2P energy and carbon sharing network can
be further considered as the cyber-physical-social system
(CPSS) in energy [4], [5].

Recently, the mechanism of P2P energy and carbon shar-
ing has attracted much research attention. Like energy shar-
ing, a number of existing studies model the P2P energy and
carbon sharing problem from a game theory perspective,
aiming to model the competitive or cooperative interactions
among autonomous prosumers. In [6] and [7], the multi-lead-
er-multi-follower Stackelberg game is utilized to model the
integrated P2P electricity-carbon market, and the Stackelberg
game-based model is utilized in [8] and [9]. Reference [10]
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applies a cooperative game with externalities to model the
energy and carbon allowance transactive market behavior for
microgrids. Reference [11] proposes an auction-based market
mechanism. Among these algorithms, the alternating direc-
tion method of multipliers (ADMM) algorithm is the main
solution to obtaining market-clearing results [6], [8], [9].

Despite the efforts dedicated to this problem, to better pro-
mote energy and carbon sharing for prosumers, two challeng-
es remain to be discussed. () How to track and quantify the
carbon footprint associated with P2P energy sharing among
prosumers? To promote low-carbon consumption, when the
traded energy is carbon-intensive, the carbon emission obli-
gation should be transferred from the seller to the buyer
since the user side is the underlying driver. @ From the
CPSS perspective, how to consider the social attributes and
low-carbon interactions of prosumers during P2P energy and
carbon sharing, and promote their engagement? The engage-
ment of heterogeneous entities is a key factor that directly af-
fects the autonomy and efficiency of prosumer clusters
(5], [12].

For the first challenge, considering that user-side energy
consumption behaviors are the fundamental drivers of car-
bon emissions in power system, it is essential to clarify the
indirect carbon emissions attributed to terminal users, a pro-
cess also known as the distribution of carbon emission obli-
gation [13]. The concept of carbon emission flow (CEF) has
been proposed, defined as a type of virtual carbon flow that
accompanies energy flow [14]. By utilizing the CEF model,
the dynamic carbon emission of prosumer aggregator is cal-
culated instead of carbon sharing among prosumers [8]. Ref-
erences [9] and [15] derive a carbon-aware distribution loca-
tional marginal price to guide the P2P electricity and carbon
transactions among prosumers. However, the stand-alone dis-
tributed energy resources (DERs) are strictly set as electrici-
ty sellers, and other load nodes serve as buyers [15]. The
one-way carbon flow is directly from carbon-containing
DERs to consumers. Actually, prosumers can behave as dif-
ferent roles in the P2P energy and carbon sharing process,
but the existing studies do not address the carbon emission
obligation assignment for the bi-directional energy sharing
behaviors of prosumers. Therefore, this area remains under-
explored [16], [17].

For the second challenge, most existing studies regard en-
ergy and carbon quotas as homogencous products, differenti-
ating them solely based on their sharing prices [18], [19].
Specifically, the characteristics of energy such as its genera-
tion technology, carbon intensity, geographical origin, and
even the reputation of the trading entity, contribute to its het-
erogeneity. However, this simplification overlooks the di-
verse social behaviors of prosumers in P2P energy and car-
bon sharing, which are critical for enhancing their engage-
ment and cooperation [4]. In our previous work [20], it is
demonstrated that incorporating both physical energy dynam-
ics and social reciprocity of prosumers into energy sharing
not only enhances the overall utility but also stimulates effec-
tive cooperation. Prosumers show preferences for various at-
tributes of traded electricity beyond price such as renewable
energy, subsidized energy, and other specific types [21]-[23].
Additionally, prosumers express preferences not only for
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product attributes but also for their sharing partners [24],
[25]. For example, a decentralized market mechanism pro-
posed in [24] highlights the preferences of prosumers for
trading green energy, partner reputation, and network loca-
tion. Social relationships also play a significant role, as pro-
sumers are more willing to engage in P2P energy and carbon
sharing when they share positive relationships with others in
the cluster [26]. And for local prosumer-centric decarboniza-
tion initiatives, prosumers demonstrate heightened attention
to the energy generation methods, particularly its low-carbon
attributes [27] - [29]. Therefore, further investigation is re-
quired to systematically integrate diverse prosumer preferenc-
es into energy and carbon sharing schemes, ensuring both
economic efficiency and social acceptance.

In summary, this paper will focus on the following key is-
sues. 1) How to assign the carbon emission obligation of
prosumers with changeable roles and bidirectional energy
sharing? (2) How to consider and formulate the hybrid prefer-
ence model considering social behavior and low-carbon pref-
erences of prosumers in P2P energy and carbon sharing? 3
How to model the P2P energy and carbon sharing problem
with preferences and propose an effective solution to the
problem? Driven by the above background and inspired by
[20], this paper further investigates the carbon emission obli-
gations related to P2P energy and carbon sharing, and stud-
ies market clearing when integrating hybrid preferences of
prosumers. To model this duality of competition and coopera-
tion among prosumers with hybrid preferences, matching the-
ory presents a viable modeling solution, which is widely ap-
plied in device-to-device (D2D) spectrum resource allocation
in communication networks [30], [31]. It can minimize the
solution complexity and mitigate the complex information in-
teractions of traditional game theory schemes.

This paper proposes a matching-based energy and carbon
sharing scheme for prosumers considering social behavior and
low-carbon preferences of prosumers. The main contributions
are summarized in three aspects as follows.

1) Instead of modelling the unidirectional carbon flow
which is directly from carbon-containing producers to con-
sumers [9], [15], a bidirectional carbon emission obligation
transfer model via sensitivity coefficients is proposed, which
tracks the bidirectional flows of energy sharing and is appli-
cable to the dynamic change of roles of prosumers. Besides,
this calculation process incorporates carbon emissions of
power loss, and can explicitly link each energy transaction
to its carbon footprint.

2) The hybrid preference model of prosumers in P2P ener-
gy and carbon sharing is formulated, which integrates, be-
sides economic-based preferences, their considerations of so-
cial behavior and low-carbon preferences. A weighted index
is utilized to quantify these hybrid preferences. It is demon-
strated that the formulated hybrid preference model can en-
hance the participation of prosumers and encourage low-car-
bon sharing of prosumers when considering social behavior
and low-carbon preferences.

3) A supply-demand ratio (SDR) based proposal method
combined with a modified stable matching algorithm is de-
veloped to realize efficient energy and carbon transactive
market clearing, which preserves weak Pareto optimality
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while reducing the computational complexity compared with
conventional ADMM algorithms.

The remainder of this paper is organized as follows. Sec-
tion II presents the P2P energy and carbon sharing frame-
work, and Section III describes the bidirectional carbon emis-
sion obligation transfer model. Then in Section IV, the hy-
brid preference model of prosumers is defined, followed by
Section V where the proposed matching-based energy and
carbon sharing scheme is illustrated. Section VI presents
case study and analyzes the simulation result. Finally, Sec-
tion VII concludes this paper.

II. P2P ENERGY AND CARBON SHARING FRAMEWORK

The P2P energy and carbon sharing framework is illustrat-
ed in Fig. 1, where the P2P energy and carbon sharing network
consists of an energy and carbon sharing provider (ECSP) and
N prosumers with the user energy management system (U-
EMS). Each prosumer has photovoltaic (PV) panels and flexi-
ble electric loads, and some prosumers are equipped with a
captive power plant (CPP). The role of ECSP is to coordi-
nate the whole energy and carbon market, and provide differ-
entiated services for prosumers to meet their heterogeneous
preferences in P2P energy and carbon sharing. Under the
P2P energy and carbon sharing framework, prosumers have
different roles, which will be introduced in Section III-B.
And prosumers can implement P2P energy and carbon sharing
with local prosumers freely, as they are independent entities
with their interests. Through P2P energy and carbon sharing,
their goals are to: (D balance their energy and carbon quotas;
and (2) maximize their profits considering their preferences.

E 134 N
nergy [T
Carbon [TTT-—-[ 11 Prosumer 2

Prosumer N Carbon

ia CPP; i Prosumer; @ U-EMS; - - - » Energy sharing; - - - » Carbon sharing

-1

—— Information; Carbon transfer; EREETEE] Preference list

Fig. 1. P2P energy and carbon sharing framework.

As shown in Fig. 1, since some prosumers are equipped
with CPP, the energy flow from these prosumers to others al-
so means the virtual carbon transfer (pink arrow), the specif-
ic obligation transfer coupled with the energy sharing is in-
troduced in Section III-A. Besides, considering that prosum-
ers show different preferences towards other agents in P2P
energy and carbon sharing, in this paper, we define hybrid
preferences to represent their individual preferences in shar-
ing, based on which each prosumer can obtain preference
lists of energy sharing and carbon sharing, respectively.

Remark: for the feasibility of implementing the ECSP plat-
form in real-world energy markets, the following remarks
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are noted. Firstly, P2P market platforms such as DiDi in
transportation and Airbnb in accommodation have demon-
strated successful bilateral matching for participants with dif-
ferent preferences [32]. Secondly, advances in information
and communication, measurement, and monitoring technolo-
gies provide essential technical support. Moreover, with the
growing involvement of prosumers, a platform offering dif-
ferentiated services can better meet personalized needs and
enhance satisfaction. In China, virtual power plants (VPPs),
which aggregate heterogeneous DERs, are promising candi-
dates for such a platform [33], with supply-demand match-
ing serving as one of its functional modules. Pricing strate-
gies for differentiated services are beyond the scope of this
paper and will be addressed in future studies.

III. BIDIRECTIONAL CARBON EMISSION OBLIGATION
TRANSFER MODEL

This section firstly introduces the bidirectional carbon
emission obligation transfer model via sensitivity coeffi-
cients. Based on this model, it further defines different roles
of prosumers in P2P energy and carbon sharing.

A. Description of Bidirectional Carbon Emission Obligation
Transfer Model

Firstly, the weighted node carbon intensity of each prosum-
er node is derived, which is defined as carbon emissions em-
bedded in the production of unit active power. For prosumers,
the operations of CPP inevitably result in carbon emissions
since it produces electricity by burning fossil fuels, and in time
slot ¢, the node weighted carbon intensity «;, is calculated as:

CPCPP,i,t (1)

PCPP,i,t+PPI/,i.t
Then, we can obtain the carbon intensity of the sharing en-
ergy aﬁ}_ , between nodes i and j, and the carbon intensity of
the sharing energy a7’ between node i and external grid,
which are calculated as (2) and (3), respectively.

;=

o = {oc,;, ;20 @
/A
a;, e;,<0
—ex grid
agrid: at Pi.,l. <0 (3)
s o, Pf:’dZO

For nodes i and j, their specific carbon emissions resulted
by P2P energy sharing e, , can be calculated as (4) and (5),

ijit

respectively.
CPtrading,ij.t:_ eij,t a;t+ CPloss,i]}t/z (4)
CPtrading.,ji,t = ‘ e_/'[,,t ‘a;/ + CPIoss., ij, t/2 (5)
CP,, ;. is undertaken equally by nodes i and j, and can
be calculated as:
e e, PTDF,
CPlosx,ij,tz zaét ]I,trl% (6)
Lt

lelL
where e, - PTDF;, is the power flow through line / due to
the energy sharing between nodes 7 and ;.
ine 1
a;.t = Pi z ai,thz ' SFi,l

Ltied

(7

The total carbon emission of node i can be calculated as:
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trading,i,t —

_ grid pgrid
z CPlrading.,[/',l a[,l P[.,t
JjeNEg,
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B. Role of Prosumers in P2P Energy and Carbon Sharing

The prosumers can behave as electricity sellers or buyers
in the energy sharing process depending on their net loads.

0! =Prwasii=Prrii—Perris 9

0;,>0 or O;,<0 means that the prosumer is an energy

buyer or seller, respectively. Similarly, for carbon sharing,

each prosumer can also behave as a buyer or seller accord-

ing to their net carbon obligation:

Q;,=CPcpp;,+CP -1CQ;, (10)

where CP,,,, is calculated by CPpp,,=Pcpp; 05 " Similar-
ly, O;,>0 means that the prosumer is a carbon buyer.

trading, i, t

IV. HYBRID PREFERENCE MODEL OF PROSUMERS

This section establishes a hybrid preference model of pro-
sumers. Multiple factors that influence their trading preferenc-
es towards different entities are taken into consideration. For
the sake of simplicity, Table I defines the signs of unbalanced
energy/carbon and price under different roles of prosumers.

TABLE I

SIGNS OF UNBALANCED ENERGY/CARBON AND PRICE UNDER DIFFERENT
ROLES OF PROSUMERS

Role in car- Sign under different roles

bon sharing

Energy buyer Energy seller
Carbon buyer Q£t> 0, 7;>0, Q£,> 0, 7;>0 Q£,<O, 7, <0, Qf_,> 0, ;>0

Carbon seller Q£t>0, 71'5>0, QE,<O, 77.';<0 Qf_r<0, 77.'Z<0, Q£r<07 71';<0

A. Economic-based Preferences

Economic-based preferences of prosumer a to b are calculat-
ed in (11), defined from the perspective of economic utilities
that prosumer can get from P2P energy or carbon sharing.

veo=mi(min(|os, |05 ])) + (r(05) i+
£(-05)2,, ) -max(|0s, |- |os].0)  an
0;.|)) represents the utilties of P2P

energy or carbon sharing; min(’Q;t

2

where n,f(min(‘ 0.,

2

2

QZ,,’) represents the
maximum tradable volume between prosumers a and b; and
(£(os )2+ (-08)Ae,) max(|0;,] - | s
sents utilities of trading with utility grid. If x is larger than
zero, f (x) outputs 1; otherwise, £ (x) outputs 0.

If|Q;,
trade with the external gird or carbon market. This can lead
to higher economic utilities since the following constraint is
always satisfied.

s O) repre-

and ‘QZ ,’ are closer, prosumers are less inclined to

Aoy S myfmy <AL (12)

ex,b —
Therefore, prosumers will show a stronger economic-based
preference when ‘Q;, and ‘Qf,’, are closer. This indicates
greater mutual willingness to trade and thus higher clearing ef-

ficiency in the bilateral market. Similarly, for carbon quota
sharing, the economic-based preference of prosumer a on
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one side towards prosumer b on the other side is defined as:
weo=mi(min(| 0z, |05 ) + (£(5)
£(-05)%.,) -max(| ;.| | . ].0)

k)

(13)

B. Social Behavior

Social reciprocity and homophily are both important so-
cial behaviors in P2P energy and carbon sharing. Driven by
inherent social behavior tendencies, prosumers are more will-
ing to engage in P2P energy and carbon sharing with trust-
worthy counterparts and those who have deeper social tight-
ness. In this paper, g, , is defined as a weighted combination
of two social behavior-dependent components: historical trad-
ing credit scores and social-psychological factors [20]. The
former reflects the trust accumulation between prosumers
from past transactions, and the later shows social behavior
principle of homophily. Individuals sharing more common
acquaintances tend to form stronger social connections, which
is often translated into more willingness of energy sharing.

Mathematically, 8, , is defined as:

7
bu=o| 757 |+ (1-0)0w (14)
ea.b.k‘(‘ﬂ-a,k + ‘”b,,k‘)/z
Oubk™=Oabi-1 (15)

ea,b,m ‘

K
z na,b,m
m=1

In (15), + ’ﬂb. k\)/z represents the payments of

Cabk ’(‘ ok

e, ,,im‘ is the total payments

a,b,m

K
current transactions, and 2”
m=1

corresponding to transactions between prosumers a and b of
the previous iterations. Successful transaction records con-
tribute to the increase of credit scores, and when there exists
P2P energy and carbon sharing record between prosumers a
and b, k will be added by 1, i.c., k=k+1.

C. Low-carbon Preferences

In response to the low-carbon development strategy, pro-
sumers also show low-carbon preferences when consuming
energy [27]. They cooperate with each other to drive the to-
tal carbon emissions down, and then, with a high carbon in-
tensity and high carbon emission costs, they are more will-
ing to engage in transactions compared with those with a
lower average carbon intensity, in order to reduce the carbon
emission costs. Meanwhile, in line with the overall low-car-
bon goals of the prosumer cluster, prosumers with a lower
average carbon intensity are more inclined to sell energy to
those with higher emissions and energy demands. Therefore,
for energy sharing, the low-carbon preference index /lp,, is
defined as:
a,+o,

2
0 a, <o

a,— o,>a,

Ip.v=lpy.= (16)

a

D. Hybrid Preferences

For energy and carbon sharing, the hybrid preference mod-
el of prosumer a to b is calculated as:
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W, =1 (V/;b+t/_/§,b) +72ﬂ7a,b+735‘,’b (17)
where (-) represents the normalized value and is calculated
by utilizing the min-max scaling method; and 7,,7,,7;€
[0,1], and 7, +7,+7,=1.

Specifically, the preference structure is dynamic and the
values of weight coefficients vary from prosumer to prosum-
er, which belong to the private information of prosumers.

V. PROPOSED MATCHING-BASED ENERGY AND CARBON
SHARING SCHEME

In this section, we formulate the P2P energy and carbon
sharing model among prosumers with hybrid preferences as
a two-step problem. In the first step, the joint energy and
carbon optimization problem is formulated as a social wel-
fare maximization problem, where the total P2P energy and
carbon sharing quantities, i.e., zew and zgij,,, are viewed

jed
as a single variable. In the second step, matching theory is
used to solve the energy and carbon sharing problem based
on the formulated hybrid preference model, in which we can
determine detailed P2P energy and carbon sharing results e,
and v Vi, Vj.

jed

A. Joint Energy and Carbon Optimization
The objective function of joint energy and carbon optimi-

zation is to maximize the social welfare, including the utili-
ties of all prosumers and ECSP, which is expressed as:

max( >, +UECSH) (18)
ied

£ e
Uf.zzei'ln<1 +Plnad¢i<t) _CftPPPCPP,i,t+ zp;j(eij_ Uzy) +

;p;( g) ~pfi-c ] ' (19a)
=A%, min(PE,0) +45, - max(PS,0)  (19b)
of,,==A%,, min(RE,0) + 2, -max (RS.0)  (19¢)

Usesp= 2,0+ 2, (20)

ied ied

In (19a), the utility model of prosumer i composes the fol-
lowing four parts on the right-hand side. The first term 6,-
ln(l +P[uad,i‘t) denotes the utility of energy consumption; the

second term denotes the operation cost of CPP; the third and
fourth terms denote the revenues of sharing energy and car-
bon with other prosumers, respectively. Specially, ¢;e; is the
power loss resulted by energy sharing e, and is shared equal-
ly by the two prosumers. And the last two terms pf;, and cf;,
denote the fees of trading with external grid and carbon mar-
ket, respectively.
And the constraints are listed as:

— _ grid
Procaii=Perpriit Pryi zei/;r +PF

e

[CQi,t+Rz);:CPCPP‘i,t-‘rCPtrading.i,t_ Egz/,r (22)
jed

OSP/?deSPIoadngl2Pl(2)adtz (23)
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0<PCPP1t£P21;;’I (24)
€€, =8;.€;, (25)
gij,r+gji,t:O (26)
Pi‘o,: z (Ph‘[_rh.[]h,i) +05, 27
heC,
Q z (th xh, W l) + Qe reactive (28)
heC,
Vo,:Vl 2( o thu ol i,j) +( §1+‘x(21 t)lo,.i (29)
Io,,ivi:Pi%o,-i_Qz%n, (30)
yRnSy <y 3D
LI, <1 (32)
D CPepp = PE= Y (1CQ, +RS;) (33)

i i

where (21)-(24) are constraints of each prosumer; (25) and
(26) are the constraints of energy and carbon sharing, respec-
tively; (27)-(32) denote the DistFlow model of power flow;
and (33) denotes the carbon balance of the system. This
joint energy and carbon optimization problem can be solved
by commercial solver such as CPLEX.

B. Formulation of Proposed Matching-based FEnergy and
Carbon Sharing Scheme

The objective of this subsection is to obtain detailed P2P
energy and carbon sharing results e, ,, g, ,, Vi, Vj. This essen-
tially involves a matching process between buyer set and
seller set while guaranteeing the preference maximization.
Matching theory is an effective approach to solving the prob-
lem of individuals in two sets with bilateral preferences to
achieve efficient and stable bilateral matching. In this subsec-
tion, a matching policy M(ME,MC,TE,TC) is used to de-
scribe the assignment results of the set AC,, ,UANC,, U
NCys UNCs,, which contains the P2P energy and carbon
sharing results.

The objective function of matching is to maximize the
weighted preference utilities of all prosumers in P2P energy
and carbon sharing, expressed as:

2 2 wsum

max

"mg»/’P»W{’R:" icedjed (343)
S.t.
y;20
{WU o0 i (34b)
( ) (34¢)
<m1n(‘ 0O: .| 95 )
D
Zeij < ‘Qf
l; Vi,j (344d)
Dey <0
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@

Zgi/ < ‘Q/C
®
2&; <
=1

where (34b) is the constraint, which shows that the prosum-
ers are incentive-rational, i.e., the economic preference utili-
ty should be positive; and (34c)-(34e) are the sharing vol-
ume constraints.

The efficient P2P energy and carbon sharing between pro-
sumers is formulated as a many-to-many matching game,
which means that a seller can sell its energy/carbon to multi-
ple buyers, and vice versa. The energy/carbon demands of a
buyer can be satisfied by multiple sellers. The definition of
energy and carbon matching is given as below.

Definition 1: a matching policy M= (ME,MC, TE, TC) is
used to illustrate the many-to-many matching results of P2P
energy and carbon sharing.

M is essentially an assignment from the set ACy,,U

Mg UNCy UM, such that:
ME(j) c V&,

Vi,j (34e)

Vie NE, . VjeNE 35
ME(Z) C./\/é’B’, Le S.t ] € B,t ( a)
MC() = ALs, Vie MC, Nje MC 35b
€ ,Vje
C(l) C/\/CBJ St J B, t ( )
7E, <min(|0¢].| 0; )
(35¢)
rC,<min(|; .| ¢ )
STE, < o
' (35d)
DTE; <0
STC, < o
: (35¢)
21C, <0
0= CPepp = 1CO, ~af| OL= >, TE
jeME/(i,
TE. .| - PTDF,
_‘TEW ayz+ B zaf";"[,t IIWPUJ
./EME( }) Lt
(351)

where (35a) and (35b) show that each seller can be assigned
to multiple buyers; (35¢)-(35¢) correspond to (34c)-(34e);
and (35f) is the coupling relationship between energy and
carbon, which is related by energy sharing results ME and
07, In (35f), Of,— 2 TE,, represents the energy trading

_/eME(")

represents the carbon transferred

|7E, | - PTDF,,
20‘%& I,r 1;
lel P/,I

it L/ t

from node i to node j; and -

represents the carbon related to power losses.
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Definition 2 (preference list): for each prosumer, the pref-
erence utilities towards other prosumer entities can be ob-
tained according to (11)-(17), and then it constructs the pref-

DI € Qﬁ} with a de-

erence list Pl;,= { Pro; > 0 PO,

scending order, where =  is the preference relation of any

pro;
prosumer, which is expressed in (36).

DIO; >, PFO < W ) > @

pro,.pro;

1o, pro, (36)

In (36), pro,> ., pro, shows that pro, prefers pro; to pro;.
Through the defined preference relations, each prosumer can
rank all the entities in a descending order, and then obtain

the preference list of P2P energy and carbon sharing.

C. Algorithm Implementation

As shown in Algorithm 1, a modified stable matching al-
gorithm is implemented to solve the P2P energy and carbon
sharing problem.

Algorithm 1: modified stable matching algorithm

1: Input: PV output P;” and original load P, ,,

2: Initialization: initial load demand /, ,, matching matrices ME and MC,
and sharing matrices TE and TC

3: for V¢

Step 1: joint energy and carbon optimization of prosumers

4: Solve the optimization problem according to (18)-(33)

5: Each prosumer obtains the optimal load strategy and CPP output strate-
gy

6: Calculate the nodal carbon intensity according to (1)

Step 2: two-stage matching process

7: Each prosumer provides its personal information ¢,,= {n'f,,nif',, 05,05,
a,} to ECSP

8: ECSP calculates SDR of the market, and issues the information to all
prosumers

9: ESCP constructs the preference list for prosumers based on (11)-(17)

10: ESCP executes SDR-based proposal method in energy matching pro-
cess (Fig. 2), and obtain ME and TE

11: Calculate the quantity of unbalanced energy need to trade with ECSP

12: Calculate the carbon emissions and net carbon of each prosumer ac-
cording to (9) and (10)

13: Execute SDR-based proposal method in carbon matching process (Fig.
2), and obtain MC and TC

14: Calculate the unbalanced carbon quota of all prosumers and trade with
the external market via ECSP

15: Calculate the utility of prosumers according to (11)

16: end for

The whole matching process is implemented through an
ECSP platform [34], [35], and there are several principles
for the platform to implement the stable matching process:

1) Information uploading: each prosumer uploads its per-

sonal information ¢,,= {nft,nlf,, i l,,a} to ESCP. For

buyers, 7/, and x;, are the maximum buying prices, and for
sellers, they are the minimum selling prices. Considering
that many efforts have been made to this topic [36], the
setting of reservation prices is not considered in this pa-
per.

2) Matching of clearing sequence: due to the electricity-
carbon coupling characteristics shown in (1)-(8), the carbon
emission of branch power losses and trading energy are de-
termined by the energy sharing results e, ,, Vi, Vj. There-
fore, the matching process is divided into two stages: energy
matching and carbon quota matching. In the first energy

matching stage, the detailed energy sharing results e;, can
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be determined, i.e., the results of ME and TE. Next, the EC-
SP calculates the carbon emission obligation related to P2P
energy sharing CP,,;,, ;. and power losses CP,, ., and the
carbon surplus or deficit Qf of each prosumer. Then, the car-
bon matching can be implemented to realize the carbon tra-
jectory visualization, i.e., the results of MC and TC.

3) SDR-based proposal method in matching process: in or-
der to guarantee the “utility-priority” principle of P2P ener-
gy and carbon sharing, we introduce the concept of buyer’s
market and seller’s market [34], and the proposal direction
(from buyer to seller or from seller to buyer) is based on the
type of market. As shown in Fig. 2, when SDR>1, i.e., the
aggregated energy surplus exceeds demands, the market falls
into the category of buyer’s market. The buyers aim to send
demands to their most favored sellers in P/, and the sellers
will decide to provide service for their more preferred buy-
ers based on the received demand applications. When SDR <
1, the market falls into the category of seller’s market.

| Each prosumer submits its personal information |

!

| ECSP constructs the preference list |

Y= e ="
Each buyer proposes the

trading application to the most
preferred seller

Each seller proposes the
trading application to the
most preferred buyer

Each seller decides whether to
accept the application

Each buyer decides whether to
accept the application

Update the remaining
unmatched energy/carbon

Update the remaining
unmatched energy/carbon

Do all demands
of buyers or all surplus
sellers reach zero?

Do all demands
of buyers or all surplus
sellers reach zero?

|

Market settles according to the discriminatory pricing mechanism |

End

Fig. 2. SDR based proposal method in energy matching process.

Note that it is rare for the aggregated energy/carbon sur-
plus to equal the deficit, and once this happens, one party is
randomly chosen to send the application first, while the oth-
er party performs the competition.

4) Sharing price of matching: the sharing price is deter-
mined after the sealed matching process performed by the
platform, and each matching pair and its sharing price are
obtained simultaneously at the end of a sharing period. It is
noted that in buyer’s market of energy sharing, energy buy-
ers only send applications to energy sellers whose reserva-
tion price 7, , is lower than their setting price x;,,, which
is similar in seller’s market. Unlike uniform pricing [37], a
discriminatory pricing mechanism is adopted. Once a pair of
buyer and seller are matched successfully, their sharing prices
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related to ‘TEU.‘ and ’T C,.j‘ are calculated by (n,fuyﬁ i.t+ﬂ:seell¢j.t)/2

c
sell.j, t

and (n;uy, Lt )/2, respectively.

Theorem 1: the reached matching policy M converges to
a stable equilibrium. M is a weak Pareto optimal result for
buyer’s side in the buyer’s market, while it is a weak Pare-
to optimal result for seller’s side in the seller’s market.

Definition 3: when the matching solution has no equilibri-
um-blocking pairs, the matching is equilibrium.

Proof 1: if there exists a blocking pair in energy matching

of M(ME,MC), i.e., (nem.,ne,,’,), nes,,e/\/l(ne,,’j), ne, &
/\/l(nem), this blocking pair must hold: D(neb,j) >0,
neb.}new./\/l(ne‘ ), and R(nes_,-) >0, nes_’l}neh_j./\/l(neb_j).

J s, 1

Based on the SDR-based proposal method and modified stable
matching algorithm, if ne >, M(neb’ ; ), ne, ; must have pro-

posed to ne,; when R(nem) >0 when it is the buyer’s mar-

ket. Suppose that ne,; has been proposed but rejected
by ne,, in another matching result M'(ME, MC), i.e.,
M'(ne,,)>,, ne,,. However, ne; only accepts better match-

ing result, which means M(ne,,)>, M'(ne ;) for the ob-

tained M(ME, MC). Therefore, according to the recursive-
ness of > M(ne, )~ ,, ne,; and M(ne,,)>, M'(ne,)

prop
can not derive ne, >, M(ne ), which is not consistent

e

with D(neb’_,.) >0, nebxl.>—”eu/\/l(nem). Similar proof to dem-

onstrate ./\/l(neb‘j) > ., M€, can not be guaranteed as well.

j 8,1

Hence, it is proven that the blocking pair (ne neb,j) does

not exist in energy sharing. The proof demonstrating the im-
probability of a blocking pair (ncs_,,ncb_ j) in carbon sharing

follows a similar process. In summary, the reached matching
result M is proven to converge to a stable equilibrium.
Besides, in buyer’s market, buyers cannot unilaterally
change their strategy to achieve higher utilities. Supposing a
better matching policy M’ exists for energy buyer ne, , i.e.,

./\/l’(neb,j) %neh_,./\/l(nebtj), ne,, can match with those in M/,

which has already been rejected in M. This means that each
matching peer M'(ne,;) of ne,; under M’ must have reject-
ed peers under M. However, Algorithm 1 is an adaptation
of the deferred acceptance algorithm. For buyers, any seller
matched with them must have never rejected their energy ap-
plication demand, which contradicts our original assumption.
Consequently, it is proven that M represents a Pareto opti-
mal outcome for all buyers in the buyer’s market. Similar
proofs are used to prove the Theorem in the seller’s market
and the carbon sharing process.

VI. CASE STUDY

A. Basic Data

Several numerical results are utilized to validate the per-
formance of the proposed matching-based energy and carbon
sharing scheme with hybrid preferences. The IEEE 33-bus
distribution system comprising 32 prosumers is selected as
the case study, as shown in Fig. 3. All the prosumers are
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equipped with PV panels and 20 prosumers are equipped
with CPPs. All load data are collected from the smart resi-
dential and industrial buildings in the demonstration projects
of Henan province, China.

Figure 4 shows the PV generation, load demand, and initial
carbon quota data. The PV generation and load demand data
are based on hour-ahead forecasting values, and the initial free
carbon emission quota allocated to prosumers is calculated as
85% of the average daily values from similar historical types.
The parameter settings of case study are shown in Table II.

iz CPP; {3y Prosumer; @U-EMS

Fig. 3. 1EEE 33-bus distribution system comprising 32 prosumers.
B PV generation _
600 Load demand 30
—o— Initial carbon quota
500 125
400+ 1202
<
2 E
5 3007 115
E: g
5] °
~ 8
200+ 1100
100 15
o o el o o o 0
0 5 10 15 20 25 30 35
Node No.

Fig. 4. PV generation, load demand, and initial carbon quota data.

TABLE 11
PARAMETER SETTINGS OF CASE STUDY

Parameter Value Parameter Value
Basic load . Upper limit of 400. 650
demand See Fig. 1 CPP output (kW) [400.650]
PV genera- . Cost coefficient of 0.35.0.6
tion See Fig. 1 CPP output (¥/kW) [0.35.0.6]
Initial fr Carbon intensity
carbon lfgta See Fig. 1 of CPP unit (kg- [0.45,0.55]
q CO,/kWh)
7.7, See Fig. 2 Vi v (paul) 1.07, 0.95
4 [0,1] Ao pr A (FkWh) 0.7, 0.35
6, [50.200] | 5,25, (WkeCO,) 1,04
Branch resis- Data of IEEE 33- ) Data of IEEE
tance and re-  bus distribution VA b 33-bus distribu-
actance system tion system

For the social layer information related to social behavior,
the social network data originate from a study of real-world
relationships within a karate club. The karate club network,
often used in the research on community detection within
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complex networks, consists of 34 nodes and 78 edges. The
34 nodes represent the 34 members of the karate club, and
the edges between nodes signify mutual acquaintance be-
tween members. In this case study, it is assumed that the set
of prosumers participating in P2P energy and carbon sharing
has a social network structure similar to that of the karate
club members, which are randomly selected 32 nodes from
the social network of karate club, and the social network of
prosumers in this paper is shown in Fig. 5. The nodes in the
diagram correspond to the prosumer numbers, with the size
of the nodes increasing with their betweenness centrality. Be-
sides, the initial credit o, , , is set to be 0, and on the prem-

ise of only considering the economy-based bilateral match-
ing degree, a series of 50x24 simulation tests are imple-
mented based on the proposed matching-based energy and
carbon sharing scheme to obtain the historical sharing re-
cords of P2P energy and carbon sharing among prosumers.

Fig. 5.

Social network of prosumers.

B. Simulation Results

1) Analysis of P2P Energy Sharing Results of Prosumers
Figure 6 shows the P2P energy sharing results. Figure 6(a)
shows the energy balance strategies of prosumers, where
each prosumer optimizes their loads and distributed genera-
tion strategies, based on which each prosumer shows their
buyer or seller role at this time slot. Prosumers who hold
Q:¢>0 are sellers and those who hold Qf<0 are buyers. And
the ESCP calculates that SDR > 1, which means the aggregat-
ed energy surplus exceeds aggregated demands, then the mar-
ket falls into the category of buyer’s market. Therefore, dur-
ing the energy matching process, the proposal direction is
from buyer to seller, and each buyer sends its energy de-
mands to its favorite trading entity.
2) Analysis of P2P Carbon Transfer of Energy Sharing
Figure 7(a) shows the weighted node carbon intensity and
line carbon intensity, and the weighted node carbon intensity
varies with the CPP and PV generations. Compared with Fig.
4, we can obtain that only the nodes with CPP generations
(blue bars) have carbon emissions, and their weighted nodal
carbon intensity is positive, and only 13 out of the 20 prosum-
ers equipped with CPP are optimized for energy generation.
Based on weighted node carbon intensity, line carbon in-
tensity, as well as the P2P energy trading volume results in
Fig. 6(b), the carbon intensity aj, of sharing energy is ob-
tained and shown in Fig. 7(b).
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Fig. 6. P2P energy sharing results. (a) Energy balance strategies of prosum-
ers. (b) P2P energy trading volume of prosumers. (c) P2P energy sharing
price of prosumers.

Only transactions related to sellers with CPP generation
have carbon transfer, and the carbon intensity of the sharing
energy is equal to the weighted node carbon intensity of sell-
ers. Figure 7(c) clearly shows the carbon transfer between
prosumers. The color represents the carbon content, where
the color trend from red to green corresponds to the carbon
intensity from high to low.

3) Analysis of P2P Carbon Sharing Results of Prosumers

Figure 8 shows the P2P carbon sharing results. The
carbon quota balance strategies of prosumers are shown
in Fig. 8(a). Then, through (10), the transactive carbon
volume can be obtained, which is shown as red lines. Pro-
sumers with Q¢>0 are buyers while those with Q{<0 are
sellers. SDR <1 means that the aggregated carbon surplus ex-
ceeds the aggregated demands. And the market falls into
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the category of seller’s market. Therefore, for the carbon
matching process, the proposal direction is from seller to
buyer.

)
S
T

—
——
—

(kgCO,/kWh)

Line carbon intensity Node carbon intensity
(kgCO,/kWh)

Carbon intensity

(kgCO,/kW)
0.18
1
2
5 0.16
4 . 0.14
5§ o2
Z 8
_°8> 9 - 0.10
=10
511 0.08
212
312 — 006
14
15 0.04
16
17 0.02
18 0
1 23 456 7 8 91011121314
Buyer node No.
(b)
Buyer 3|:|
|:|Seller 15
- Buyer 6|:|
Seller 12
L — Buyer 11 |:|
OSeller 4 - B Buyer70
OSeller 10 Buyer 100
Seller 14 Buyer 12
[Seller 6 Buyer 14[]

(©

Carbon transfer results. (a) Weighted node carbon intensity and line
P of sharing energy. (c) Carbon

it

Fig. 7.
carbon intensity. (b) Carbon intensity «
transfer between prosumers.

Since the carbon emissions of power losses are very small
and not obvious, they are separately shown in Fig. 9. The to-
tal carbon emissions of power losses are about 2.44 kgCO,.
4) Performance of Hybrid Preferences

In order to verify the performance of the proposed match-
ing-based energy and carbon sharing scheme with hybrid
preferences, the following comparisons are considered. All
four cases utilize Algorithm 1 to solve the problem.

Case 1: only economy-based preferences are considered,
without considering social behavior or low-carbon preferences.



TAN et al.: MATCHING-BASED ENERGY AND CARBON SHARING FOR PROSUMERS CONSIDERING SOCIAL BEHAVIOR AND...

100

il i

80, 5 10 15 20 25 30 35

Node No.
I Carbon emission of CPP; [l Carbon transfer of P2P trading
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Fig. 8. P2P carbon sharing results. (a) Carbon quota balance strategies of

prosumers. (b) P2P carbon trading volume of prosumers. (¢) P2P carbon
sharing price of prosumers.

Case 2: economy-based and low-carbon preferences are
considered, without considering social behavior.

Case 3: economy-based preferences and social behavior
are considered, without considering low-carbon preferences.

Case 4: three kinds of preferences (hybrid) are considered.

Table III shows the performance comparison of the pro-
posed matching-based energy and carbon sharing scheme
with hybrid preferences (Case 4) with other cases. For the to-
tal P2P energy sharing volume and the energy trading with the
external grid, the sum of the total P2P energy sharing volume
and that of the energy sold to the external grid in four cases
are the same, which equal the total energy surplus of all sellers.
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Similarly, the sum of the total P2P energy sharing volume
and that of the energy purchased from the external grid in
four cases are also the same, which equal the total energy
deficit of all buyers. The reason is that the total trading vol-
ume is decided in Step [ of Algorithm 1, and the specific
sharing results (with other prosumers or external grid) are
optimized in Step 2 of Algorithm 1. The results also show
that solutions taking social behavior into account can signifi-
cantly promote the involvement of prosumers in P2P energy
sharing, which then reduce the trading with external market
by comparing Cases 3 and 4 with Cases 1 and 2. For the to-
tal P2P carbon sharing volume and the carbon trading with
the external market, it is noted that the sum of these two
numbers and the total carbon emissions of three cases are
different. The reason is that the carbon intensity of different
prosumers (see Fig. 7(a)) and external energy (0.15 kgCO,/
kWh for this time slot) vary, and therefore, different energy
sharing strategies correspond to different carbon emissions.

035
030
025}
0.20
0.15}
0.10

Carbon emission (kgCO,)

0.05}

0 5 10 15 20 25 30 35
Node No.

Fig. 9. Carbon emissions of power losses.

For the total carbon emissions of all prosumer clusters,
Case 1 has the highest value. By comparing Case 1 and
Case 2, it can be observed that schemes considering low-car-
bon preferences encourage prosumers to trade with external
grid since the carbon intensity of external energy is lower
than that some prosumers. This stimulates the prosumer with
high carbon intensity to sell their energy to external grid in-
stead of P2P sharing within prosumer cluster, and then reduc-
es the total carbon emission, as shown in Fig. 10(a) and (b).
And the similar situation can also be observed in Fig. 10(c)
and (d).

For the average weighted utilities calculated by (34), the
results show that Case 4 outperforms other cases.

5) Performance Comparison with ADMM-based Market
Clearing Scheme

To illustrate the performance of the proposed matching-
based energy and carbon sharing scheme, the ADMM-based
market clearing scheme in [15] is used as the comparison case.

Case 5: prosumers conduct P2P energy and carbon sharing
with the consideration of social behavior, but the product dif-
ferentiation for sharing preferences is expressed as bilateral
carbon sharing cost via carbon sharing coefficients, and AD-
MM algorithm is utilized to solve the problem.

The reason for this comparison is that both matching-
based and ADMM-based market clearing schemes can obtain
the specific P2P transaction results as well as the according
price of each transaction.
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TABLE IIT
PERFORMANCE COMPARISON OF CASE 4 WITH OTHER CASES
Preference Total P2P Energy tradi.ng with Total P2P  Total carbon  Total car- Average
Case energy external grid (kW) carbon shar- trading with ~ bon emis- weighted util-
Economic- Social b sharing vol- Selli . ing volume  external mar-  sion (kg- ities of all
based behavior  LOW-earbon  yme (kW) cling Buying (kgCO,) ket (kgCO,) Co,) prosumers
Case 1 N X X 1527.6 173.8 133.2 271.3 159.5 771.2 0.42
Case 2 N x N 1473.2 228.3 187.6 268.3 157.4 760.9 0.48
Case 3 N N x 1660.8 407 0.0 280.9 143.4 756.9 0.59
Case 4 Y Y V 1638.2 63.3 227 291.2 132.7 755.8 0.67
_ 60 _ 60 10.2 TABLE IV
_‘3‘3 40% é” 40t ? . > COMPARISON BETWEEN CASES 4 AND 5
i | gooic g T £z
N __I & gl e I = o Total P2P en-  Total P2P car-  Total so-  Average eco-
s 0 T . s 0 T o) 0.1.=2 @) . . . . [
= I = S T | l 50 Case ergy sharing  bon sharing vol- cial wel- nomical utility
§ -20F é '20"”‘; I | ﬁ g %D volume (kW)  ume (kgCO,) fare (¥)  of prosumers (¥)
&40 S0 v O Case 4 1638.2 291.2 23270.6 703.3
P L R PN SRR IR AT
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 Case 5 1595.8 261.5 23105.2 7214

Node No.
mP2P trading; mExternal grid

(a)

Node No.
mP2P trading; mExternal grid
-o-Carbon intensity
(b)

60 % 60r

& a0} = 40}
Q

5 20} : Z 20} |.
E <
g0 I s i £ ()___IJ_I__ Tl A
£ 20} £-20f
5 40} S -40f
&)

-60 - -60 k

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Node No. Node No.
mP2P trading; mExternal grid mP2P trading; mExternal grid

© (d)

Fig. 10. Carbon transfer of energy sharing in four cases. (a) Case 1. (b)
Case 2. (c¢) Case 3. (d) Case 4.

The difference is that Case 4 is a two-step optimization
process, where the specific P2P sharing results are decided
in Step 2 of Algorithm 1. While for ADMM-based market
clearing scheme, the P2P energy and carbon sharing results
are optimized via multiple rounds of information interaction
and iteration.

Table IV presents the comparison between Cases 4 and 5,
which shows that the social welfare in Cases 4 is higher
than that in Case 5. And the average economic utilities of
prosumers calculated via (11) in Case 4 is slightly less than
those in Case 5. The analysis for these results is as follows.
In ADMM-based market clearing scheme, the CPP genera-
tion as well as the energy and carbon transaction strategies
is optimized synchronously in the distributed iteration pro-
cess, and its optimization goal is to maximize individual util-
ities. While in this paper, the CPP generation, the total ener-
gy demands of buyers, and the total energy surplus of sellers
are decided firstly with the goal of social welfare maximiza-
tion, and then the energy and carbon transactions are sequen-
tially optimized, which results in higher social welfare but
lower average economic utilities of prosumers.

Table V shows the comparison results of computing time.
It can be found that the computing time of Case 4 is much
lower than that of Case 5.

Since for Case 4, its time complexity is O(n°), while for
Case 5, its time complexity is O(Kn®), where K is the num-
ber of iterations. In distributed and large-scale cases, the
number of iterations of Case 5 increases significantly.

TABLE V
COMPARISON RESULTS OF COMPUTING TIME

IEEE test system Case 4 (s) Case 5 (s)
IEEE 33-bus 10.3 69.4
IEEE 114-bus 27.7 198.4
IEEE 169-bus 40.5 300.8

VII. CONCLUSION

In this paper, the bidirectional carbon emission obligation
transfer model is derived for P2P energy sharing among pro-
sumers. Then, hybrid preferences are defined for prosumers,
and are integrated into the proposed matching-based energy
and carbon sharing scheme. Numerical results demonstrate
that the proposed matching-based energy and carbon sharing
scheme considering social behavior can enhance the P2P
sharing involvements, and the consideration of low-carbon
preferences can encourage prosumers to choose cleaner ener-
gy and then reduce the total carbon emissions of all prosum-
er clusters. Compared with ADMM-based market clearing
scheme, the proposed scheme can significantly improve the
computational efficiency while yielding only slightly lower
economic benefits for prosumers. This paper is a fundamen-
tal study, and only the single-time-slot optimization results are
considered. The main contributions of this paper lie in the ef-
fective clearing process while integrating hybrid preferences
of prosumers. In the future, the interactions between optimiz-
ing the energy storage device or time-coupled loads and opti-
mizing the process of matching theory will be further explored.
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