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Optimal strategy for multi-user demand response based on carbon
emission flow and non-cooperative game*

Z.T.Yu,R.J. Liu, C. J. Zhang, Z. J. Bao, Member, IEEE

Abstract— Aiming to explore the carbon reduction potential
of manufacturing enterprise cluster, the carbon responsibility is
assigned to the users by introducing the carbon emission flow
theory and carbon trading mechanism, which can guide the
low-carbon scheduling of microgrid (MG) and the low-carbon
demand response of users. A non-cooperative game is used to
study the Nash equilibrium when multiple users in the
enterprise cluster participate, and the distributed scheduling
optimization among the MG and the users is performed using
the alternating direction method of multipliers algorithm
(ADMM), which could ensure the information privacy of each
subject. The simulations results show the effectiveness of the
method for reducing the carbon emissions.

[. INTRODUCTION

In China, the energy consumption of the manufacturing
industry accounts for more than 50% of the total. Although the
industry is promoting China's transition from high-speed
growth to high-quality advance through cluster development,
the crude energy management and service manner of the
manufacturing industry has not fundamentally changed. The
traditional manufacturing enterprises still face the low
efficiency in energy service coordination and interaction,
leading to persistently high carbon emissions. Therefore, it is
worthwhile to study how to achieve the efficient collaboration
in energy supply and consumption, and then reduce the carbon
emissions.

Carbon trading assigns carbon emission rights to the
entities and gives these rights the attributes of a commodity.
When the trading of carbon emission rights is profitable for
entities, they will pursue the reduction of carbon emission
during production. In previous studies, most of the carbon
trading was conducted on the energy supply side [1], which
has to some extent reduced carbon emissions, but has found it
difficult to guide low-carbon energy use [2]. With the
introduction of carbon emission flow theory [3], the
responsibility of carbon emission can be quantitively shared
among users by tagging the energy flow with the labels of its
corresponding carbon emission [4]. However, current research
still tends to macro policies and the allocation of carbon
responsibilities to the individual users [5], without considering
the impact of demand response on system decarbonization
when multiple users participate in carbon trading. In [6], the
Stackelberg game between the energy retailer and users is
considered, instead of the non-cooperative game among
multiple users. In [7], the non-cooperative game induced by

*Research supported by National Key R&D Program of China
(2022YFB3304502).
Z. T. Yu and C. J. Zhang are with Polytechnic Institute, Zhejiang
University, Hangzhou, China (e-mail: 22160193@zju.edu.cn).
R. J. Liu and Z. J. Bao are with College of Electrical Engineering,
Zhejiang University, Hangzhou, China (e-mail: zjbao@ zju.edu.cn).

users' demand response is studied, without including the
impact of carbon trading.

This paper simplifies the manufacturing industry cluster
into a microgrid (MQG) and its affiliated users. Based on the
theory of carbon emission flow, the carbon responsibility is
allocated to each user and an energy-carbon flow coupling
model is established. On the MG side, the scheduling
optimization considering the carbon trading is implemented;
and on the user side, the Nash equilibrium of the
non-cooperative game is studied when multiple users
participate in low-carbon demand response. In order to protect
the information privacy among multiple participants, the
alternating direction method of multipliers algorithm (ADMM)
is employed to achieve distributed solutions for the
optimizations. The effectiveness of low-carbon demand
response by users in reducing carbon emissions is verified.

II. ENERGY-CARBON FLOW MODEL

Considering the increasing importance of energy saving
and emission reduction, the responsibility of carbon emission
should not be borne solely by the power generation, but also
by the users for the emissions generated by their use of
electricity. Therefore, in order to track the carbon emissions
from power generation to the user side, a carbon emission flow
calculation method for power system was developed to
calculate the emissions accurately. The coupled energy-carbon
flow model combines the two stages of optimization into one,
making it easier to solve decision variables and objective
functions.

A. Power flow model of distribution network

In a radial distribution network, the equations governing
the energy flow are established in branch form. By expressing
the voltage, current, impedance and power in the network
using complex variables and disregarding the grounding
branch, the following equations can be obtained:

V.- V/ = Zijlij (1)
Sij = V;Iij )
2
= = =z | 3
SI (i,/')eESU (k%eE(Sl“ Zkt | kl| ) ( )

where V,, and S, represent node voltage and injected power

in plural form; 7,

impedance in plural form. E is the set of lines in the
distribution network, (i, j) represents the lines with reference

S, and z; denote line current, power and

direction from node i to ;.



= NETSTe sCE W PuE Buuseuibug jeuisnpu Buusasulbul pue 82ua12S UOIIEWOINY UO 32UBIBJUOD) [BUOIIBUIRIU| YI6 | J3T| €207 Ul paysiiqnd SRS O BLED
0 [eUONEWILIU| 333 2002 SAEISd663-LUON @

uoneziwildo uone|nNwWIS uo paseq Bu Bunapoiias

yoeoudde Buinpauos doys qol v "SUOISSILWS UOogJed 3y} buidnpal 1o} poyiaw ayj JO SSBUBAIIIRS By} MOYS S}|NSal
suoie|nwis ay] 32algns yoea jo Aoeaud uonewsopul 9y} ainsua pinod Yaiym ‘(NNQy) wyiioble R
£202 :peusiiand siaidiinw jo poyaw uonpalip buijeussye ayy buisn pawuopiad si siasn ayy pue A ayy buowe lSpoI
(Lsion uoneziwpdo bunpayas painquisip ay3 pue ‘s1edied Jaisnp2 asudisiua ay3 ui si1asn ajdinw uaym mol4 uogiey-ABisuz |
ABojouyos| pue 80UsI0g UOIJBLLIOLU|
U SOURIILIOD [EUOREWISII LISL £202 wnugiinba yseN ayi Apnis 03 pasn s aweb anesadood-uou y 's1asn Jo asuodsal puewap uogJied
spuBo ul -mo| 8y pue (D) pubosiw jo bulnpayas uogied-moj| ay3 apinb ued yaiym ‘wisiueysw buipen s o BN
Wwe|qoly jusweBeueyy asuodsay uogued pue A108y} Moj} uolIssiwa uogaed ayl bupnposjul Aq siasn ayj o3 paubisse s| Ayljigisuodsal SUONDBS UBWINIOQ
puewaq rewndo Buinog uogJed ays 4a1sn)d asudiaua buunioeynuew jo enpualod uoidNpal uogied ayy alojdxa o1 bulwiy
Jo} ABarens Buinesaid-Aoeaud v Jensqy elsqy
SIYL 9] 210
SMIIA 8]
= [Ind4
v @ »« O
VA4

< UOW NivIl

siony ||y oeg [z ‘bueyz ' ‘niry 'NALZ
3331 woy
$)j00ge mau LR [mw=o| 333 seysang

YIMm winjnauand

8uusauiBua ouier) Q>_Hﬁh¢ﬂ—°°U|:oz pue moj4 uoissiwg
inok yuswajddns uogJe) uo paseg asuodsay puewaq 13sn-13NN 10} Abajesys jewndo

@ " |eucneuislu| YL 333| €202 < Se2usisju0)

HOYV3S A3IDNVAQY

O * &% 7 85 2 02 Lm0V

8c09z0L/Auawndop/Biorasaralojdxeasl//sdny ) D) =





