He T 28 BEM R Ak 5 ~T 1Y L Bk — 2Kk
Z T ¥ Bt 5¢

OXE' @R, A, @B ERES
(1. EMPUIE B S ARSTHARBTERE, 1WI S# 610041; 2. FRKSFHS T RS0,
HIK 4000445 3. [E M PUI4E HL 32 Al IRFAESERE, DU AR 610041
4. VAN HRE ) REMF5EBE, VU RS 610041)

 E.ae R BARAH Y ) RAAERER, AT IR TR Y AR G EIRRR A TR
B, BTG EGIETHERANBENZRATRBABFOALT R, MR AT BT FIETHZ A8 X
F AT TR 3A TG AR RS S RGBS AR AR AA TR FEN, A AT Y
5 GE T8 ) WGBSR AR, A MBRTHEEIETHOIHAN AN ELT -T
W, — SR AE T 3 Fo - B — SRR T 69 SBMACEE R s R G A A B AR IR IR AL 3] Skt LR M A A i AT K AR
R EGKIGH IEEE 30 F 5 A% L AT BB A W TR THFRZETH S L CRARNFE BT HFE
B4 049 % v VA BB T ) Fe SRR T 9 Z R a9 48 A K &

KEBIE . ATY; kT, SHETTY; 28 R RIRE R IbF:

FESES TP 273 XEIREM A XELHS :1003-6954(2023) 06-0083-08

DOI': 10.16527/].issn.1003-6954.20230612

Research on Multi-market Equilibrium of Electricity-Carbon-Green
Certificates Based on Multi-agent Reinforcement Learning

MA Tiannan', XIANG Mingxu®, WEI Yang’, LIU Chang"*, CHEN Yumin’

(1. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China; 2. School of Electrical
Engineering, Chongqing University, Chongging 400044, China; 3. State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China; 4. Sichuan New Electric
Power System Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Towards the target of " carbon peak and carbon neutrality" and the development of new power systems dominated by
the renewables, the design of electricity market mechanisms plays a significant role in reducing carbon emissions and promoting
green and low-carbon development. The construction of carbon market and green certificate market is regarded as an effective
means to promote energy conservation and emission reduction in power systems. Researches on the coupling relationship
among electricity market, carbon market and green certificate market are of great guiding significance for designing cohesive
mechanisms of different markets and promoting carbon reduction and development of the renewables. With this in mind, the
coupling impact of carbon market and green certificate market on the equilibrium of electricity market is studied. Firstly, based
on the transaction rules of carbon market and green certificate market, bi-level optimization models for electricity-carbon
market, electricity-green certificate market and electricity-carbon-green certificate market are established respectively. Then,
the multi-agent deep reinforcement learning algorithm is utilized to solve the aforementioned equilibrium models. Finally,
simulations are conducted on the modified IEEE 30-bus system. The influence of carbon market and green certificate market on
the bidding strategies of generation companies and the electricity market prices are analyzed as well as the coupling relationship
between carbon market and green certificate market.
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