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Abstract

Objective The dynamic carbon emission responsibility factor of electricity (C,) varies considerably over time because of changes in the
power generation mix, system load, and unit operational conditions. Its temporal profile might not coincide with the time-of-use
electricity prices defined by fixed periods. As a result, low-price periods are not necessarily the same as low-carbon periods, which
might create the conflicts between the economic and low-carbon operation of ice thermal storage systems. This study aims to develop a
day-ahead dispatch method that can respond simultaneously to the carbon-responsibility and electricity-price signals. The method is
designed to coordinate the operational revenue and carbon-reduction performance under different temporal relationships between the two

signals.

Methods An equivalent charging and discharging power model was firstly developed to elucidate the influence of ice storage operation
on the user-side electricity demand. The model considers the charging state of the ice storage tank, the operational characteristics of the
dual-mode chiller, and auxiliary equipment power consumption. A linear programming model of multi-objective day-ahead mixed-
integer was then established. The two objectives were the incremental electricity cost and incremental carbon emission responsibility
caused by the ice storage operation. An economic preference coefficient was introduced to balance the normalized economic and low-
carbon objectives. A total of 100 preference coefficients ranging from pure low-carbon strategy to pure economic strategy were evaluated
for each C, scenario. After the duplicate and dominated solutions were removed, the Pareto non-dominated solution sets were obtained.
Operational revenue, carbon emission responsibility, and low-carbon matching degree were selected as the performance indicators. The

entropy-weighted technique for order preference by similarity to the ideal solution (TOPSIS) was used to evaluate the Pareto solutions and
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determine the preferred economic preference coefficient. A case study was conducted for an industrial park in Hangzhou using the 2024
time-of-use electricity price and four typical C, profiles, i. e., an overall high-carbon profile, a low-carbon low-variation profile, a

single-peak profile, and a double-peak profile.

Results and Discussion The entropy weights and the preferred economic preference coefficient varied markedly with the temporal
characteristics of Cr. For Crl, the weights of carbon emission responsibility and low-carbon matching degree are 0.40 and 0. 36,
respectively. Regarding Cr3, where high-Cr periods clearly overlap with the midday low-price period, the low-carbon matching degree
receives the highest weight of 0. 47. The preferred economic preference coefficients for Cr1-Cr4 are 0. 27, 0. 20, 0.22, and 0. 40, with
the recommended ranges of 0. 15-0.47, 0. 08-0. 30, 0. 14-0. 43, and 0. 24-0. 47, respectively. Dispatch results further show that the
economic strategy tends to charge during the low-price but high-Cr periods in Crl and Cr3, whereas the preferred multi-objective strategy
shifts charging away from these periods. Compared with the low-carbon strategy, operational revenue are increased by 78. 5%, 12. 7%,
107.7%, and 14.7% for Crl — Cr4, while 93.9% —98.3% of the carbon-reduction benefit is retained. The carbon-responsibility
improvement potential relative to the economic strategy reaches 87. 7% —95. 8%, with the low-carbon matching degrees of —0. 79 to

-0.91.

Conclusions The proposed day-ahead dispatch method can effectively coordinate the economic and low-carbon operation of ice thermal
storage systems under the temporally mismatched carbon and price signals. The four Cr scenarios require different economic preference
coefficients, namely, 0.27, 0.20, 0.22, and 0.40, confirming that a fixed preference setting cannot adequately represent different
carbon-price coupling conditions. Relative to the low-carbon strategy, the preferred multi-objective strategy retains 93. 9% -98. 3% of
the carbon-reduction benefit while increasing the operational revenue by 12. 7%~-107. 7%. Relative to the economic strategy, it achieves
87. 7% —95. 8% of the available improvement in the carbon emission responsibility. These results demonstrate that scenario-adaptive
preference selection can suppress the high-carbon charging induced by low electricity prices and provide a practical basis for the
coordinated carbon-energy interaction on the demand side.

Keywords ice thermal storage; dynamic carbon emission responsibility factor of electricity; time-of-use electricity price; day-ahead

dispatching; multi-objective optimization
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Tab.1 Main equipment parameters of the ice-storage system
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different C, scenarios
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Fig.5 Ice-storage charging and discharging power under

three optimization strategies in different C, scenarios
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Tab.3 Performance comparison of three optimization

strategies under different C, scenarios
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