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Research on low-carbon demand response mechanism for electric vehicles based on
dynamic carbon emission factors

ZHANG Liang', WANG Dianbin', QI Jiajin, YIN Shucong', LONG Yanliang', ZHANG Chaorui'
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology, Ministry of
Education (Northeast Electric Power University), Jilin 132012, China; 2. Hangzhou Electric Power
Equipment Manufacturing Company Limited, Hangzhou 310016, China)

Abstract: Traditional research on demand response models for electric vehicles (EVs) typically focuses on electricity
price incentives. From the perspective of “electricity” alone, EVs struggle to respond effectively to actual carbon emission
variations. To address this, this paper proposes a low-carbon demand response mechanism based on dynamic carbon
emission factors, which comprehensively considers grid-side carbon emission levels, peak-shaving requirements, and
users’ charging needs. In this mechanism, EV users utilize time-varying regional carbon emission factors as the response
signals to achieve electricity scheduling optimization from a “carbon” perspective. First, a model is established to account
for the uncertainty of wind and PV output, and an energy-power boundary model for EVs is developed. Next, a time- and
zone-based carbon emission accounting model for EVs is constructed, and a low-carbon demand response mechanism
model based on dynamic carbon emission factors is formulated according to demand-side objective functions and
constraints. Finally, the mechanism is applied to coordinated EV charging/discharging strategies. Case studies demonstrate
that the proposed mechanism can effectively reduce distribution network carbon emissions, lower charging costs for EV
owners, and mitigate load fluctuations in the power grid.
This work is supported by the Major Science and Technology Special Project of Jilin Province (No. 20240204001SF).

Key words: electric vehicle; dynamic carbon emission factor; carbon quota; vehicle-to-grid interaction; carbon emission
flow; peak shaving and valley filling
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Table 3 Quantitative comparison of optimal scheduling
in different scenarios
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Table 5 Quantitative comparison of optimal scheduling under
different discharging participation levels
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