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Abstract: The widespread deployment of Concentrated Solar Power (CSP) plants is strongly 

influenced by the manufacturing cost and structural complexity of heliostat systems. 

Conventional heliostat designs often require location-specific mirror geometries and 

customized structural components, increasing production cost and limiting scalability. This 

study presents the design and structural assessment of a low-cost modular heliostat for solar 

tower CSP applications. The proposed heliostat integrates a screw-driven dual-axis tracking 

mechanism with stepper motor azimuth control, servo-driven elevation motion, and encoder-

based position feedback. A modular mirror architecture employing standardized structural 

components enables position-independent manufacturing, reducing fabrication complexity 

and production cost. The structural performance of the heliostat was evaluated using finite 

element analysis under self-weight and wind loading conditions. The results show that the 

maximum stress remained below the allowable material limits, while the predicted 

deformation was sufficiently small to maintain the structural stiffness required for accurate 

solar tracking. Euler buckling analysis confirmed the stability of the screw-driven actuator, 

and the estimated manufacturing cost was approximately 93 USD/m², demonstrating the 

economic feasibility of the proposed design. Overall, the proposed modular heliostat provides 

a structurally reliable, scalable, and cost-effective solution for future solar tower CSP systems. 
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