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Abstract: In recent years, with the increasing attention to ecological protection, the Chinese government has set the carbon
neutrality development target. The energy supply of district heating systems in northern cities is gradually shifting from
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coal to cleaner natural gas. Accurate prediction of natural gas load is critical for energy dispatch planning and demand
response. Nevertheless, natural gas load is not only affected by random fluctuations of meteorological factors, but also
exhibits complex nonlinearity and significant hysteresis characteristics due to the inherent thermal inertia of heating
systems, making it difficult for existing methods to meet the prediction accuracy requirements in practical applications. To
address this issue, this paper adopts measured operational data from three heating enterprises in a city and proposes a
natural gas load prediction algorithm for district heating systems based on a sequential Transformer model (TI-STM) with
thermal inertia position encoding. According to the physical law that recent observations exert stronger impacts while
distant ones exert weaker impacts on heating load, an exponentially decaying position encoding is designed. Dimension-
wise learnable decay coefficients are adopted to characterize the temporal differences of thermal inertia, replacing the
traditional sinusoidal position encoding. Meanwhile, meteorological variables of future time steps are fed into the decoder
as known covariates to guide the model to utilize temperature priors. With the multi-head attention mechanism, the model
mines complex implicit features within the load sequence and quickly focuses on different key segments of the sequence,
mitigating long-range dependency problems and reducing information loss. Comprehensive comparative experiments are
carried out against advanced algorithms including SVM, LSTM, MLP, RNN, TCN and TI-STM. The results demonstrate
that the proposed model achieves superior prediction accuracy, with mean absolute percentage errors (MAPE) of 1.77%,

2.05% and 2.65%, respectively.
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Model MAPE(%) MAE(X 103m3) RMSE(X 103m3)
SVM 5.24 60.23 72.80
LSTM 9.29 107.05 127.69
MLP 5.94 68.44 82.794
RNN 6.61 75.57 96.79
TCN 6.18 71.67 93.26
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