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Renewable energy sources

4

Reference: E.A. DeMeo and J.F. Galdo, ‘Renewable Energy Technology Characterizations’ ,
DOE report  TR-109496,  December, 1997 
http://www1.eere.energy.gov/ba/pba/tech_characterizations.html
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Performance/Cost in Applications
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Body sensors  Leonov et al

Material efficiency

25W
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TE module and cold side
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Model
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Maximum power output
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Smaller           yields thinner element∑Ψ



Fill factor impact on power

9

0.0E+00

5.0E+02

1.0E+03

1.5E+03

2.0E+03

2.5E+03

3.0E+03

3.5E+03

4.0E+03

1.E-06 1.E-04 1.E-02 1.E+00

w
 [W

/m
2]

Fill factor

2.5
2.0
1.5
1.0

ZT

Power density vs fill factor

1.E-08

1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-06 1.E-04 1.E-02 1.E+00
do

pt
 o

pt
im

um
 le

g 
le

ng
th

 [m
]

Fill factor

2.5
2.0
1.5
1.0

ZT

Optimum leg length vs fill factor
Ts=600 [K], Ta=300 [K], βs=140 [W/mK], 
ds=0.2e-3 [m], Uh, Uc= 500 [W/m2K]

Kaz & Ali - TE Workshop 2011

Power per unit substrate area doesn’t change much,
but volume of TE decreases a lot at low fill factors.



Fractional area factor
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Design to optimize energy per unit mass
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Optimum weight ratio is found for small fraction < 10% area
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At the optimum design
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Smaller fraction 

1. Optimum aspect ratio changes as function of fill factor.
2. In practical fill factors, thermal conductivity reduction is rather important.



TE module cost analysis
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Pumping power penalty
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Heat flux dependency
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Material cost per unit area [$/m2]

Conditions: ZT=1, β=1.5[W/mK] Ts=600K, Ta=300K, Fan efficiency 30%, TE $500/kg, 
Substrate-AlN: $100/kg, Aluminum heat sink: $8/kg, copper microchannel: $20/kg 

At the optimum TE design

F: Fractional area coverage ratio of thermoelement to substrate
Kaz & Ali - TE Workshop 2011
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Cost per unit area for vehicle exhaust
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Cost per power output 
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As a system, heat sink dominates weight performance
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Efficiency at optimum
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1. System never reach Carnot but Curzon-Ahlborn as limit.
2. “smaller ψc” works better for large ∆T, higher ZT.
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Vehicle waste heat recovery
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TE is reversible for generation, 
heating and thermal sensing

Minimum additional ∆P
Large surface area (fins)
TE control catalytic reaction



Summary

• A general formalism is developed for TE power generation system.

• Optimum design for the TE module with heat sink is identified. 

• Output power density per mass is found to have a peak around few % 

fractional coverage. Considering parasitic impacts of contact resistance and 

heat leak, fractional coverage area ratio few% - 10% seems to be practical, 

and still cost effective.  

• Efficiency at maximum power output is determined to vary by external thermal 

resistances.  Cold side heat sink has more impact.

• Energy payback, cost, power-to-weight at optimum are highly depends on 

heat flux condition.
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Thank you for your kind attention!


