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Abstract

As a key platform for achieving high consumption of renewable energy in the future, integrated en-
ergy systems (IES) have attracted increasing global attention and are being rapidly developed. This
study focuses on the operational optimization of an IES as the core research content. Aiming at the
problem of single energy structure and waste in a large industrial park in Northeast China, the park
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integrated energy system (PIES) is designed and constructed based on its old infrastructure. The
mathematical model of the energy hub is established, and a multi-objective optimization operation
strategy that takes into account economic factors and energy efficiency is proposed. The simulation
results show that, on the premise of meeting the energy demand of the park, this proposed approach
significantly reduces COz emissions and operational costs while improving renewable energy utili-
zation. By further introducing ladder carbon pricing, reward-and-punishment factors, and demand
response strategies, an operation optimization model for IES is constructed. Based on multi-source
data fusion and real-time scheduling, further reductions in carbon emissions within the park are
realized, providing theoretical support and technical pathways for promoting the achievement of
“dual-carbon” goals in the park.
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Figure 1. System structure diagram of IES in the park
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Table 1. Elastic electricity price coefficient matrix
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Table 2. Ladder carbon transaction cost
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Figure 2. Cold-heat-electric-gas power balance diagram in typical day
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Figure 3. Carbon emissions vs. operating costs chart in typical day
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Table 5. Carbon emissions vs. operating costs table in typical day
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Table 6. Carbon emissions vs. operating costs table in the year
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