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Engineering and Materials for Automotive 
Thermoelectric Applications



 Today’s ICE-based vehicles: < 20% of fuel energy is used for propulsion
 > 60% of gasoline energy (waste heat) is not utilized
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Note: Charts in this presentation 
are drawn from multiple sources
and may have slightly different 
numbers because of different 
vehicles &  assumptions.  Consider
them general estimates, not precise
analysis. 



ImproveImprove
VehicleVehicle

Fuel EconomyFuel Economy
and and 

EmissionsEmissions

DisplaceDisplace
PetroleumPetroleum

EnergyEnergy

 
DiversityDiversity

Hydrogen 
Fuel Cell-Electric

 
Vehicles

Battery-Electric

 
Vehicles (including

 
EREV)Hybrid-Electric

 
Vehicles (including

 
Plug-in HEV)

IC Engine
and Transmission

 
Improvements

Petroleum (Conventional and Alternative Sources)
Alternative Fuels (Ethanol, Biodiesel, CNG, LPG)

Electricity (Conv. and Alternative Sources)
Hydrogen

TimeTime

Advanced Propulsion Technology 
Strategy



Battery-

 
Electric & 

Fuel

 
Cell Vehicles

Extended-

 
Range 
Electric

 
Vehicle

2-Mode

 
Plug-in

 
Hybrid

2-Mode

 
Hybrid

HybridInternal

 
Combustion

 
Engine

GM’s Path to Electrification



Opportunity for TE Cooling



 Reduce onboard AC without sacrifice passenger comfort level
 Improve fuel economy and CO2

 

emission
 DOE award in place to start in 2009

“If all passenger vehicles had ventilated 
seats, we estimate that there could be a 7.5 
% reduction in national air-conditioning fuel 
use. That translates to a savings of 522 
million gallons of fuel a year,"
John Rugh, project leader for NREL's Vehicle Ancillary 
Loads Reduction Project.

Distributed Cooling for High Efficiency HVAC 
System



 Target : 10% fuel economy improvement without increasing 
emissions
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TE Power Generation from Automotive Waste Heat 
Recovery (Sponsored by EERE-DOE)



Exhaust Heat - City Driving Cycle
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The Suburban was selected as a test vehicle because it simplified the 
modifications and installation of the prototype.  



 

Fuel efficiency improvement will be better in small, fuel efficient vehicles than in 
large vehicles because the electrical load in small vehicles is a larger portion of 
the engine output.

TE Automotive Waste Heat Recovery Vehicle 
Selection –

 
Chevy Suburban



Case 08 

TE Exhaust
Generator



 

Maximum module compression compliance


 

Quick disconnects for fluid flow


 

Quick disconnect exhaust connections


 

Pitched to drain condensate


 

Pitch designed for boil off


 

Sealed electronics

 Located where current muffler is placed; new 
muffler will be located behind the axle 
perpendicular to vehicle axis
 Axially compliant for thermal expansion 

mismatch

Interior View
(module mounting)

TE Exhaust
Generator

Exhaust Generator GEN III Design





 

We expect ~ 1 mpg (~ 5 %) fuel economy improvement for Suburban 
(average 350 W and 600 W for the FTP city and highway driving cycles, 
respectively.)



 

This technology is well-suited to other vehicle platforms such as 
passenger cars and hybrids.

Generator Animation
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• Multiple-element filling will scatter a broad range of lattice phonons,
lower thermal conductivity, and improve ZT1-3
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Filler Atoms in Skutterudites Rattle with 
Different Frequencies -

 
Theory



• Calculated resonant phonon frequencies are experimentally validated
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Phonon DOS Measured by Inelastic Neutron 
Scattering –

 
Experiment



Multiple-filled Skutterudites –
 

Much Improved ZT 
values

1.

 

X. Shi, et al. Appl. Phys. Lett. 92, 182101 (2008)
2.

 

X. Shi, et al., submitted (2009)
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STEM Images of the Triple-Filled Skutterudites

[111]



STEM Images of the Triple-Filled Skutterudites



Phonon DOS Measurement –
 

Inelastic Neutron 
Scattering



Evidence for Incoherent Rattler Mode –
 Phonon Glass
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High Efficiency Clathrates Ba8

 

Ni0.5

 

Ga14

 

Ge31.5
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No defects or no second phases have been observed so far.
10 nm



Tunable ZT
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 Thermoelectric technologies potentially offer 
significant energy savings through waste heat recovery
and augmented cooling

 There are plenty of science and engineering to be done

Conclusions
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