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Volvo Powertrain is interested in capturing and reusing normally wasted thermal energy on a diesel 

engine system. Sources of thermal energy include, but are not limited to, the exhaust stream, engine 

block, and engine coolant. This investigation is focused on the feasibility of implementation of a 

thermoelectric device (TED) heat recovery system that provides electrical power to the truck system. 

Two TED technologies were analyzed: bismuth telluride semiconductor TEDs and quantum well TEDs. 

Alternator costs and manufacturing and engineering costs were ignored due to the desired scope of this 

analysis and the error involved in making such assumptions. The bismuth telluride semiconductor TED 

recovery system should pay for itself in approximately 8 years, including an $8,800 parts cost and a 

$1,100 per year payback with diesel fuel price at $3.00 per gallon.  The quantum well TED heat recovery 

system costs about a factor of 10 less and should pay for itself after the first year; however, quantum 

well technology is still in development and is not commercially available. 

The project was implemented by a literature review of existing thermoelectric device technology, 

physical testing of the TEDs, and the development of a computer model that calculates the net profit 

when implementing the heat recovery system.  Four TEDs were tested using a hot and cold source.  Four 

temperature gradients were tested for each TED including hot plate high heat to ice bath, hot plate low 

heat to ice bath, hot plate low heat to ambient air, and ambient air to ice bath.  The heat flux through the 

device was measured by recording the temperatures at each side of the conducting copper plates that 

sandwich the TED. The heat flux loss through the insulation was also measured. The computer model 

was written in MATLAB and its graphical user interface (GUI) package. This model allows the user to 

specify the TED property inputs, the thermal source inputs, and the driving conditions assumed for the 

study.  The computer model outputs include gas savings and the net profit while using heat recovery 

system.  

This project was an excellent learning experience for the team.  Testing tools, procedure and diagnosis 

were all areas where the experience was particularly useful as a learning tool.  Once the data had been 

collected, analyzing the data proved challenging as the results did not always match expectations.  

Creating the computer model was dependent on the solution to the data analysis challenge and also 

required learning how to create a Matlab GUI.  Sam McLaughlin and John Gibble at Volvo Powertrain 

were very good to work with, responding quickly to questions, giving good input at teleconferences and 

helping to clearly define the problem during the site visit.  This strong groundwork allowed the Penn 

State team to work through the semester with almost no direct oversight by the sponsor.  However, bi-

weekly teleconferences were held between the Penn State team and Volvo to discuss progress and 

address questions.  Overall, the team and the sponsor were pleased with the result of the project.  

Acknowledgement of the team’s hard work throughout the semester was given by the first place poster 

award and the shared third place project award.   


