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Abstract: 

Thermoelectric (TE) materials provide a promising pathway for solid-state energy conversion by 

directly harvesting waste heat, yet their broader application remains limited by complex synthesis 

routes, poor manufacturability, and challenges in performance optimization. Additive 

manufacturing (AM) methods like 3D printing offer a versatile alternative by enabling precise 

control over structure, composition, and device architecture within a scalable fabrication 

framework. In this work, we develop an AM-based strategy that focuses on tackling key 

bottlenecks in materials development, manufacturing integration, and thermoelectric performance 

tuning. The results highlight how manufacturing-informed materials design can be leveraged to 

balance performance and scalability under a controlled environment. These findings set a technical 

foundation for the development of next-generation thermoelectric devices that are more 

manufacturable, adaptable, and suitable for real-world energy applications. 
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