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High Efficiency Thermoelectric



Thermoelectric Modules
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Unusual Combination
of Properties

TE materials performance:
Figure of Merit (ZT)
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σα2 = Power Factor

σ= 1/ ρ = electrical conductivity

ρ =  electrical resistivity
Slide courtesy of Oregon State University



Crystal Structure
of Skutterudites

Cobalt atoms form a fcc cubic lattice
Antimony atoms are arranged as a 
square planar rings
There are 8  spaces for the Sb4 units
6 are filled and 2 are empty

CoSb3  [Co8(Sb4)6]

RxCoSb3

Atoms can be inserted into 
empty sites. Atoms can “rattle” 
in these sites – scatter phonons 
and lower the lattice thermal 
conductivity.  

Slide courtesy of Oregon State University
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Zone 2
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Thermoelectric Modules  
optimized for Thermal Zones

Slide courtesy of General Motors



Highest ZT Achieved 
in Triple-filled Skutterudites

Slide courtesy of General Motors



GM’s Thermoelectric Generator
Vehicle:  Chevy Suburban

plenty of space and waste heat
Slide courtesy of General Motors



GM TE Generator 
on a Chevy Suburban



TEG Installed in BMW 
Series 5 Test Vehicle

Courtesy of BSST
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Vehicle 530iA at 130 km/h, Exhaust gas back pressure limited to 30mbar at 130km/h

Max hot side temperature of a module

TEG SI Engine Waste Heat Recovery.
Need High ZT Material & By-pass

Slide courtesy of BSST



TEG is ideally compatible  with 
Regenerative Braking

Slide courtesy of BSST
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NEDC customer NEDC customer NEDC customer

Thermoelectric Waste Heat Recovery. 
BMW Sedans

Slide courtesy of BSST



Zonal HVAC System 
Concept

Zonal TE devices located in the dashboard, headliner,
A&B pillars and seats / seatbacks

Slide courtesy of BSST
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Slide courtesy of BSST



Slide courtesy of Fiat



Slide courtesy of Fiat



Thank 
You!
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