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ABSTRACT: Developing demand response strategies for users
is one of the effective ways for electricity retailers to cope with
price risks in the spot market. However, existing demand
response strategies have not fully considered the differences in
user response elasticity and psychological behavioral
characteristics, resulting in an imbalance in consumer surplus
allocation and limited incentive effects. Therefore, this article
proposes a demand response incremental incentive strategy that
considers the differences in user endowment effects and
response elasticity. Firstly, by introducing endowment effect
factors to quantify the subjective psychological cost of users’
existing electricity rights, a time-varying incremental incentive
function that dynamically matches the marginal cost and
psychological loss of users is constructed to avoid excessive
allocation of consumer surplus in the initial response stage.
Secondly, to resolve the asynchronous coupling issue between
the retailer’s day-ahead bidding and intraday incentive
strategies, this paper designs a novel asynchronous coupling
solution method based on curriculum learning-enhanced twin
delayed deep deterministic policy gradient (TD3) algorithm.
This method progressively learns complex high-uncertainty
environments—such as user behavior and market electricity
prices—from simple to challenging stages, achieving
coordinated optimization of asynchronous coupling problems.
Theoretical analysis shows that the proposed incremental
incentive strategy can reduce the unit incentive cost of
electricity retailers and enhance the depth of high elasticity user
response. Finally, the simulation results indicate that the
proposed strategy dynamically redistributes consumer surplus
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by following changes in user marginal costs, reducing
excessive consumer surplus in the initial response phase and
achieving fair allocation of incentive resources. In addition, the
proposed algorithm has significantly improved convergence
compared to the deep deterministic policy gradient (DDPG)
algorithm, and its convergence speed has increased by 21.88%

compared to the TD3 method without curriculum learning.
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