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Abstract

To address the mismatch between wind power generation and electricity demand in wind power-
rich regions, which leads to wind curtailment, this study takes Inner Mongolia Autonomous Region
as the research object. Relying on the university-enterprise collaborative platform “Technology
Mining Field” jointly established by the School of Science, China University of Mining and Technol-
ogy (Beijing) and Meilin Data Technology Co., Ltd., and based on the practice of an undergraduate
innovation training project, a demand-side-oriented framework for wind power consumption anal-
ysis and evaluation is developed. First, regional electricity demand is characterized in terms of scale
and temporal structure using indicators such as total electricity consumption, peak load, and load
factor, and a comprehensive demand assessment framework is established. Then, taking Ulanqab,
a typical wind power-rich region, as a case study, electricity demand is decomposed into long-term
trends and short-term fluctuations. A hybrid forecasting method combining a mechanism model
and an LSTM networKk is proposed, and its performance is evaluated using multiple error metrics.
On this basis, the predicted load is incorporated into wind power consumption constraints, and dif-
ferent demand-side regulation scenarios are designed to quantitatively assess the impact of flexible
load enhancement on wind power integration capacity. The results show that the trend component
is highly consistent with the actual electricity demand (correlation coefficient of 0.921), and the
hybrid forecasting model achieves relatively low overall error (RRMSE of 7.41%), significantly out-
performing the single LSTM model. In the consumption scenario analysis, the wind power utiliza-
tion rate is approximately 0.85 under the baseline scenario, and increases to 0.90 and 0.95 under
moderate and enhanced demand-side regulation scenarios, respectively. The study demonstrates
that the “Technology Mining Field” platform, by providing real engineering scenarios and data sup-
port, effectively enhances students’ ability to apply mathematical methods (such as mechanism
models and LSTM) to complex energy problems. Furthermore, it indicates that relying solely on the
natural growth of electricity demand is insufficient to alleviate wind power curtailment, whereas
optimizing the temporal structure of load through demand-side regulation can significantly im-
prove wind power integration without increasing generation capacity, thereby offering a feasible
analytical approach and quantitative basis for exploiting demand-side potential in wind power-rich
regions.
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Figure 1. Flowchart of paper
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Figure 2. Comparison of national average wind power development rate and that of Inner Mongolia autonomous region
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Figure 3. A comparative analysis of wind power installed capacity and electricity consumption in Inner Mongolia from 2003
to 2005
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Figure 4. Electricity consumption structure in Inner Mongolia autonomous region
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Figure 5. Schematic diagram of temporal mismatch between wind power output and electricity load
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Figure 7. Evolution of social electricity consumption in Inner Mongolia from 2003 to 2023
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Figure 8. Variation in load factor in Inner Mongolia from 2003 to 2023
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Figure 9. Comparison between actual social electricity demand and long-term trend component
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Figure 10. Characteristics of electricity demand residual series
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Figure 11. Comparison of electricity demand forecasting results under different models
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Figure 12. Comparison of wind power integration rates under different demand-side regulation scenarios
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