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Low-carbon Economic Scheduling for Integrated Energy System

Considering Carbon Penalty and Hybrid Game Theory

Wang Xi',He Wang*
(1.College of Electrical Engineering,Guizhou University , Guiyang Guizhou 550025 ;
2.Guizhou Bijie Power Supply Bureau of China Southern Power Grid, Bijie Guizhou 551700)

[Abstract] Integrated energy system (IES) has become a key direction for accelerating carbon emission reduc-
tion and promoting sustainable development.To address carbon emission reduction and interest coordination a-
mong multiple agents in multi —regional IES,a low —carbon optimal scheduling strategy considering carbon
penalty and hybrid game theory is proposed in this paper for IES.The proposed hybrid game model employs
a master—salve game to coordinate the interest conflict between upper—level regional IES operators and lower—
level load aggregators and energy storage service providers and to achieve low—carbon scheduling.Also,a car-
bon penalty mechanism is included to guide the regional TES operators to efficiently balance the output of
various energy supply equipment.In addition,to maximize the carbon reduction potential of multi-regional IES,
the Nash bargaining model is used to incentivize the regional IES operators to perform energy interactions
and cooperate to reduce carbon emissions.Considering the privacy and security concerns of each agent,a dis-
tributed algorithm which combines quadratic programming —genetic algorithm —alternating direction method of
multipliers (ADMM) is proposed to solve the multi-region and multi—layer hybrid game problem in a decen-
tralized way, encourage low—carbon transactions among agents,and achieve more economical energy supply and
more rational energy consumption.lt is validated by the case study results that the proposed method can ef-
fectively reduce carbon emissions and achieve a win—win situation among all agents.

[Keywords] integrated energy system;low—carbon scheduling;hybrid game ;carbon penalty ; multi—agent ; energy

interaction

K E R AL 7= ML KR Sy ) P K e SRR 3 AR

FARAH AR T LR RGBS ) BFRSERIG R LR ZM LR, A6 LESFEBRRA"E &
AR K BE B AR AR ARk AR T s RO, B B LR SRR AR R AL A F R PR BOR T S
FREF ZHARARUNATLZIRETLIE,

—ABRLGFFOTHRALL AT KB RREXREEY, TREEOTE, FEEIRERA A, BEGTE
RAVBHAARNF, B RFR—FE—E R0 RARTAIR , = RMERIEIR” 0 SAFH R, “F1 3R @, 4139 B Fr &gk
AT AU, Fl BT R P AR R @ R — B, R RS S B P AR RARAES AR
BHZL R IR TS R IR K RACA] BT, = R E B AL A T W B AUA] B SRR AN AT R R IR AR R VAL
X, B A R AAH] G E ML IR TG EANH  EHERTELRTR TEBR, AL HEHER
b, AR T 3 AR R, Aeig = b AR HEAE

FEARSLAIHARUFEREBDFEFIHE, CHEAXBRENER, AREADTREHHER ABEWAET T,
WHERRRARBERGH S L, ALRBEREATRTAFES BT X, (BAs A )



