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Abstract

To address the scheduling challenges arising from the increasing penetration of distributed renew-
able energy in industrial parks, a low-carbon economic dispatch strategy for industrial users con-
sidering stepped carbon trading and demand response is proposed based on shared energy storage.
First, by exploiting the energy-use heterogeneity of different entities within the industrial cluster
and leveraging the spatiotemporal complementarity advantages of their net loads, a shared energy
storage operational framework is constructed to achieve centralized configuration of energy stor-
age resources. Second, the stepped carbon trading mechanism is introduced as an economic lever
to guide system emission reduction, and combined with a flexible demand response mechanism, a
source-load-storage collaborative optimal dispatch model is established, where a quadratic
smoothing penalty term is employed to constrain the load shifting process and ensure production
continuity. Then, the low-carbon gaming mechanism of the system under complex constraints, such
as stepped carbon prices and time-of-use electricity prices, is revealed. Through the deep coupling
of the spatiotemporal shifting of energy storage and the flexible reshaping of loads, precise align-
ment between carbon emissions and energy consumption is achieved, thereby avoiding high carbon
penalties; furthermore, sensitivity analysis of key parameters is conducted to quantitatively evalu-
ate the adaptability and cost-reduction effectiveness of the proposed strategy under different car-
bon prices and demand response participation levels. Finally, a case study simulation is conducted
on an industrial park in Jiangsu Province. The results demonstrate that the proposed strategy re-
duces the total planned energy storage capacity from 4233.81 kWh to 2781.95 kWh through the
shared mode, representing a reduction of 34.29%. Guided by stepped carbon trading and price sig-
nals, a cumulative total of 925.42 kWh of flexible load is shifted throughout the day. This realizes a
smooth load shift toward low-carbon periods, such as the peak nighttime wind power output,
thereby significantly narrowing the peak-to-valley difference of the cluster net load from 222.6 kW
to 76.7 kW, yielding a 65.5% decrease. At the micro-enterprise level, the total system carbon emis-
sions are reduced from 17.85 tons to 15.57 tons, yielding a 12.77% decrease, and the total operating
cost is optimized from 13540.20 CNY to 13394.98 CNY. These findings verify the effectiveness of the
proposed strategy in enhancing both the economic efficiency and the low-carbon operational man-
agement of the system.
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Figure 1. Physical architecture of the shared energy storage system in an industrial park
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Figure 2. Base load curves of individual industrial users and ag-
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Figure 6. Detailed breakdown of operating costs for various industrial users within the park
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Figure 7. Effect of benchmark carbon price on total system cost
and carbon emissions
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Figure 8. Impact of DR participation on dispatch results
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Figure 9. Trend of model computation time and decision variable count with the
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