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Life cycle assessment and prediction of carbon emissions based on
machine learning in whole operation process of coal-fired power

plants
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Abstract : In the context of low-carbon development, accounting for and predicting carbon emissions from
coal-fired power plants is essential for analyzing emissions across different stages and effectively reducing carbon
emissions. This study analyzes the life cycle carbon emission boundary and sources in the whole process of
coal-fired power plant operation based on the theory of life cycle assessment and the operation flow of coal-fired
power plant, which constructs a comprehensive life cycle accounting model of carbon emission. An empirical case
analysis is conducted using the operational data of a 600MW unit, and finally, a multiple linear regression model
is established for prediction and analysis of carbon emissions based on machine learning. The results demonstrate
that the emissions generated by boiler combustion constitute 81.54% of the total emissions, making it the main
portion of power plant carbon emissions throughout the entire life cycle of coal development and utilization. The
carbon emission levels of the same unit under different operating conditions exhibit significant variations, the

carbon emission intensity of coal-fired power units for both electricity generation and power supply is negatively
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correlated with the load rate. The bottleneck for low-carbon development primarily lies in the low-load
operational phase. The predicted values obtained using the gradient descent algorithm demonstrate a better-fitted
performance with the theoretical values under multiple algorithm comparisons, showing a high correlation
coefficient of 0.961. The resulting Mean Absolute Error (MAE) and Root Mean Square Error (RMSE) are notably
smaller at 261.84 and 351.56, demonstrating excellent fitting and predictive capabilities. The use of machine
learning for carbon emission prediction enables an accurate analysis of the intricate operational complexities of
actual power plants. It effectively reveals the correlations among various types of data, making a significant
contribution to carbon neutrality.
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Fig.1. Accounting boundaries of carbon emissions within the

whole life cycle assessment of power plants
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Table.1 Analysis data of coal quality in #1 unit
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Table 2

Total monthly coal consumption and limestone consumption.
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Table 3 Economic evaluation indexes for each working condition
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Table 4 Evaluation of machine learning model effectiveness
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