
Thermoelectric Solar Panels 
Thermoelectric devices are neither new, nor patentable, as devices that generate 
electricity. It has been known since 1851 that the Seebeck phenomenon 
produced an electrical voltage in the presence of thermal differential in the 
temperature of two dissimilar metals.  Unlike photovoltaic solar panel devices, 
thermoelectric solar panel devices utilize the thermal portion of the insolation 
spectrum rather than the “light” portion. The voltage is produced when the 
“junction” of the thermoelectric device is heated to a differential temperature 
greater than the individual conductive leads that make up the device.  

The attached Excel spreadsheet illustrates the amount of electrical power that 
can be generated. This spreadsheet enables the number of junctions, the 
number of layers of junctions, the temperature differentials and the resulting 
planform area of expected panels to be varied. An efficiency factor can also be 
applied.  

Among the reasons that this technical approach has not been considered 
commercially viable is due to factors that are normal for all new business 
products. It is simply the fact that the manufacturing processes necessary for low 
cost, high efficiency, reliable manufacturing are generally not available. The 
article referenced herein is an excellent summary of thermoelectric device power 
generation.     https://www.sciencedirect.com/science/article/pii/
S2352847815000258 

In essence, the conversion efficiency of a thermoelectric material is related to the 
dimensionless figure of merit, ZT:   

ZT = S2σT/κ 
S = Seebeck coefficient, σ = electrical conductivity, κ = thermal 
conductivity, T = absolute temperature 

The Seebeck coefficient, or thermopower, is a measurement of the amount of 
voltage generated per unit of temperature difference and is typically given in μV/
K. Accordingly, obtaining a high figure of merit thermoelectric requires 
maintaining high electrical conductivity and large thermopower while 
simultaneously limiting thermal conductivity. 

The key conclusions from this summary are that the Figure of Merit (ZT) and 
thermal efficiency are key to deriving a useful device. If all elements are optimal 
then efficiencies of 25% conversion are theoretically possible, but not practical. 
Therefore, a successful thermoelectric device must embody the following 
engineering elements: 

https://www.sciencedirect.com/science/article/pii/S2352847815000258


• Junctions must be as small as possible 
• Cooling must be applied to transmission lines 
• Materials must have high conductivity 
• Electronics must be incorporated to reduce parasitic losses 
• Input thermal energy must be focused precisely upon thermoelectric 

device junctions 
These requirements place the emphasis on manufacturing design and thermal 
optimization.  
Spara Tech adhered to  the following requirements: 

1. We avoided all nano technologies as these technologies are highly 
dependent upon exotic materials and electronic chip manufacturing 
processes, both of which are too expensive for industrial usage.. We 
selected Iron/Constantan (type J thermocouple)  since it has a higher 
sensitivity of 50 µV/°C . The first challenge was to validate that both of 
these materials could be acquired commercially ground to nano particle 
sizes. John Lyons was able to locate a producer from which samples were 
obtained. It should be noted that Constantan is NOT generally available 
and a sample was provided as the first ever of this material. It would be 
deliverable in a quantity of tons and is very affordable. Iron is also not 
generally found as a ground material but was delivered very inexpensively. 

2. The second task was to demonstrate that these materials could be 
incorporated into “printable inks” that are used for printed circuit 
manufacturing. We successfully demonstrated this ability at a size that 
was readily available for the entity producing the circuit. This 
thermoelectric device was putdown and laser sintered. The thermoelectric 
device junctions were shown to be sufficiently bonded so as to produce 
the Seebeck predicted performance. This result validated that the 
materials function as predicted and that the process was viable. (John, 
insert the video we got from as I can’t find my copy). 

3. Micronit samples validated the process to apply cooling channels in a 
micro size and layout that would match the thermoelectric device layouts.  

4. Electrical conductivity is assured by using gold as the material for non-
junction leads. Thermal conductivity is assured by the use of gold also. 

Several tasks remained to be validated.  
• The small size of the printed thermoelectric device junction needs to be 

demonstrated.  
• The sintering of the junctions needs to be validated for reliability.  
• The ability to focus sunlight only on the junctions needs to be validated.  
• The ability to cool the junction leads with water or phase change materials 

needs to be validated.  


