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Explainable Artificial Intelligence for Temperature Control in the
Cement Preheating Process

Yerim Lee + Boseon Yoo

INEEJI Co., Ltd.

In cement preheating and calcination, precise control of preheater temperature is crucial for stable operation and
clinker quality. However, the temperature is influenced by dynamically changing process variables with
complex nonlinear relationships, which conventional control methods such as feedback control and Model
Predictive Control (MPC) fail to adequately capture. This study introduces an explainable artificial intelligence
(XAI)-based prediction and control framework to address these limitations. A deep learning model identifies
nonlinear patterns between fuel feed rate and preheater temperature, while XAl techniques provide interpretable
insights into temperature variations caused by changes in coal input. The framework automatically recommends
and simulates optimal coal feed rates under diverse conditions, maintaining stable preheater temperatures even
with increased alternative fuel usage, thereby supporting carbon neutrality goals. By enhancing transparency and
interpretability, the proposed approach improves reliability and acceptance in industrial practice, offering a
practical solution for energy efficiency and sustainability in the cement industry.
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Figure 1. Overview of the Cement Manufacturing Process
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o&— 100°C Evaporation of moisture in raw materials

&— >500°C Release of combined water

&— >900°C Calcination (CaCO3 — CaO + CO2)

Preheater

Kiln

&—> >900°C Calcination (CaCO3 — CaO + CO2)
>1200°C Formation of liquid phase

1200~1450°C Formation of 3Ca0O-SiO2(C3S); exothermic reaction

#) Flow of Raw Material
E Flow of Hot Air

Figure 2. Temperature Profile and Chemical Reactions in the Preheating and Clinkerization Process
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Table 1. Major Variables in the Preheating and Clinkerization

Process

Section Variable Unit

Raw Meal Feed Rate t/h

Coal Feed Rate t/h

Waste Plastic Feed Rate t/h

Feed Rate -

Waste Oil Feed Rate t/h

Waste Tires Feed Rate t/h

Sludge Feed Rate t/h

ID Fan Temperature T

ID Fan

ID Fan Pressure mmAq

Preheater Temperature T

Preheater

Preheater Pressure mmAq

Kiln Inlet Temperature T

Secondary Air Temperature T

Tertiary Air Temperature T
Kiln Kiln Inlet Pressure mmAq
Secondary Air Pressure mmAq
Tertiary Air Pressure mmAq

Kiln Rotation Speed RPM

Kiln Motor Current A
Cooler Air Flow Rate m’/min
Cooler Cooler Pressure mmAq
Cooler Fan Speed RPM

Exhaust Gas Exhaust Gas Composition %
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Figure 3. Heatmap of Correlation between Key Input Variables and Preheater Temperature
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Figure 4. Identification of Time-lag between Preheater Temperature and Coal Feed Rate
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Figure 5. Comparison of Shifted Coal Feed Rate and Preheater Temperature
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Figure 9. Key Variable Locations and Causal Graph in the Preheating and Clinkerization Process
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Figure 14. Preheater Temperature and Coal Feed: Al-Controlled Responses to Disturbances
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