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Abstract

To address prominent issues in the coal-rich western regions—such as the high carbon emissions
and energy consumption of traditional coal-chemical industries, high cooling energy demands of
computing centers, underutilization of abandoned mine resources, and a lack of cross-industry syn-
ergy—this study designs an integrated coal-power-chemical-computing circular utilization system
and proposes its operational methodology. Guided by the “Dual Carbon” goals and the “East-to-West
Computing Resource Transfer” strategy, the system combines DMTE coal-to-ethanol technology, in-
tegrated wind-solar-storage technology, and abandoned mine cold-source utilization technology. It
integrates nine core units—including the DMTE coal-to-ethanol process, clean coal-fired power
peaking, and green power supply (wind, solar, and storage)—to achieve comprehensive closed-loop
coupling of energy, material, carbon, water, and data flows. Supplementary analyses were con-
ducted across three dimensions—installed capacity, multi-factor fluctuations, and regional mine
characteristics—to clarify the impact of installed scale on overall system efficiency, project resili-
ence under combined risk factors, and the constraints and suitability regarding cold sources and
carbon sequestration units based on varying mine conditions. Results indicate that the system sta-
bilizes the computing center’s PUE between 1.1 and 1.2, achieves a green power share of 280%, re-
duces coal-chemical carbon emissions by over 57% (an annual reduction of approximately 1 million
tons of CO2), and attains water reuse and solid waste utilization rates of 290% and 295%, respec-
tively. The system yields a static payback period of approximately 4.2 years and an after-tax internal
rate of return of 25.6%. It achieves an organic integration of clean coal utilization, local consump-
tion of new energy, low-carbon computing development, and the resource utilization of abandoned
mines, offering a replicable and scalable demonstration model for the green industrial transfor-
mation of western resource-rich regions while delivering significant economic, social, and ecologi-
cal benefits.
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Figure 1. Schematic diagram of the overall structure of the integrated coal-electricity-chemical-computing circular system
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Figure 2. Closed-loop path diagram of energy flow-material flow-carbon flow-data flow
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Figure 3. Flow diagram of the cooling system using waste mine cold sources
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Figure 4. Architecture diagram of intelligent scheduling platform
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Figure 5. Design diagram of integrated coal-electricity-chemical-computing recycling system
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