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Abstract
Integrated modeling of industrial reactor networks presents a synergistic approach by combining first-principles 

and data-driven methods. First-principles models, grounded in fundamental physical laws, provide a mechanistic 
understanding of reactor dynamics, while data-driven approaches utilize empirical data for calibration and validation, 
enhancing predictive accuracy under diverse operating conditions. This integration yields comprehensive models 
capable of optimizing reactor performance, improving process efficiency, and enabling robust control strategies. 
Case studies demonstrate successful applications across various industries, higՠð䰀儀䨀�쀄者怀　hib�々偗 �炀ՠ�怅ndհՐрՐс Tariboon, Department of Mathematics, 
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chemical principles, forms the backbone of understanding industrial 
reactor networks. These models typically involve the application of 
conservation laws, mass and energy balances, reaction kinetics, and 
thermodynamic principles to describe the behavior of individual 
reactors and their interactions within a network. The equations derived 
from first-principles modeling provide a mechanistic understanding of 
the processes involved, detailing how key variables such as temperature, 
pressure, flow rates, and concentrations evolve over time.

Challenges addressed by data-driven approaches
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with actual operational conditions and dynamics observed in the 
industrial reactor network.

Advantages and applications

The benefits of integrating first-principles and data-driven 
approaches in modeling industrial reactor networks are manifold

Improved predictive accuracy: By incorporating empirical data, 
the model can better capture real-world complexities, leading to more 
accurate predictions of reactor performance under varying operating 
conditions.

Robustness in control and optimization: Enhanced models 
enable better control strategies and optimization routines, facilitating 
improved efficiency, productivity, and safety in industrial processes.

Insights into process dynamics: Data-driven analysis provides 
insights into dynamic behaviors and interactions within the reactor 
network that may not be fully captured by theoretical models alone.

Adaptability and scalability: Integrated models can be adapted and 
scaled for different reactor configurations and operational scenarios, 
making them versatile tools for process engineers and operators.

Case studies and practical implementations

Several case studies highlight the successful implementation of 
integrated modeling approaches in industrial settings. For instance, in 
petrochemical refining, integrated models have been used to optimize 
reactor design, improve catalyst performance, and enhance energy 
efficiency. In pharmaceutical manufacturing, these models assist in 
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