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for efficient and sustainable energy systems has spotlighted the need 

powered control architecture designed to optimize the thermal dynamics 

combining Artificial Neural Networks (ANN) with Genetic Algorithms (

driven optimization enables superior heat exchange performance, reduced 

thermal efficiency, energy yield, and system adaptability compared 

resilient, 

intelligent, and high-performance solar thermal infrastructures 

Solar Power, Artificial Intelligence, Thermal Optimization

Solar Power (CSP) systems represent a pivotal technology in the global 

photovoltaic (PV) systems that convert sunlight directly into electricity, CSP 

This thermal energy is then converted into mechanical and subsequently electrical 

parabolic trough collectors (PTCs) are widely deployed due to 

advantages, CSP systems are inherently sensitive to environmental 

thermal output. Moreover, conventional control systems based on pre

leading to energy losses, overheating risks, and suboptimal flow regulation 

optimizing system performance under fluctuating conditions. Recent 

particularly machine learning (ML) algorithms such as 

strong 

potential in real-time modeling, prediction, and control 
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process large datasets in real time, identify complex relationships 

proposes an intelligent thermal optimization framework that integrates 

framework is trained and validated using operational datasets from CSP 

approach, which fuses data-driven intelligence with thermophysical 

operational resilience. By shifting from static control strategies 

capable of delivering consistent energy output despite environmental 

competitiveness and deployment potential in the global clean 

Solar Power (CSP) systems—particularly those utilizing parabolic 

solar input, 

and nonuniform heat transfer dynamics. Traditional control approaches 

and transient 

operational conditions. As a result, CSP systems frequently 

critical challenge of improving the thermal responsiveness 

a hybrid framework that integrates Artificial Neural Networks 

receiver temperature in real time. The central research ques

performance of parabolic trough CSP systems 

study 

aims to establish an adaptive AI-driven control paradigm 

under study is a simplified model of a parabolic trough collector 

representative 

of typical installations operating in sunbelt regions such as North Africa
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based control algorithm that adjusts the HTF flow rate and pump 

provides a practical and scalable platform for implementing 

component degradation. As shown in figure 1, the schematic illustrates an AI-integrated thermal 

management system for a Central Receiver Concentrated Solar Power (CSP) plant. In this setup, a 

field of heliostats (mirrors) concentrates sunlight onto a central receiver mounted on a tower. The 

incident solar energy 

on 

the input data, the AI generates control signals to regulate system parameters, such as adjusting the 

HTF flow rate or activating a cooling mechanism when necessary to prevent overheating. A flow 

control valve directs excess thermal energy either to the thermal storage tank for later use 

, with temperature sensors ensuring efficient 

operation. The diagram uses red lines to indicate high-temperature HTF flow from the receiver, blue 

lines for cooler return flow, and black lines for control and sensor signals. This AI-driven feedback 

system enhances thermal efficiency, optimizes 
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