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Outline

e Introduction of Thermoelectric Generators (TEGs) and application
background

e Unique Characteristics of TEG
e TEG System Hierarchical Modeling in SPICE & Prototype Experiments

» Applications of the Model in the Optimal Design of Large Energy Systems
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The first principle --

Seebeck and Peltier effects

ONE SEEBECK DEVICE “"COUPLE™ CONSISTS OF ONE
N-TYPE AND ONE P-TYPE SEMICONDUCTOR PELLET
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THERE MUST BE A TEMPERATURE DIFFERENCE BETWEEN
THE HOT AND COLD SIDES FOR POWER TO BE GENERATED

TEG, Seebeck effect
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ONE PELTIER DEVICE “COUPLE" CONSISTS OF ONE
N-TYPE AND ONE P-TYPE SEMICONDUCTOR PELLET
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TEC, Peltier effect
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Current commercially available TE modules
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Positive (+)

size: from 4*4*3 to 50*50*5 mm3
Lifetime: in the range of 100,000 to 200,000 hours

Advantages: no moving part, totally silent, no any gas/liquid used
and can be applied under a wide range of temperatures.
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UNIVERSITY Application contexts of TEG
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TEG in Large Thermal Systems:
UNIVERSITY An Example of Lukewarm Condition
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Ideal Equivalent Model:
UNIVERSITY parallel & series connection

When AT, # AT,
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Temperature Dependent Characteristics
UNIVERSITY of Practical TEGs
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Thermal/Electric Coupled Characteristics
UNEVERSIIY of Practical TEGs

Thermal analysis Temperature dependent : .
_ : . Electric analysis
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Temperature Dependent Contact
UNEVERSIIY of Practical TEGs
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SPICE-based Equivalent Circuit Methodology

universTyto study the effects of partial lukewarming

Heat flow (W) Current flow (A)
Temperature (K) Voltage (V)

Thermal conductivity (W/mK) Electrical conductivity (Q/m)
Thermal mass (J/K) Electrical capacity (F)

Accurately predict the TE characteristics (including temperature
dependent, coupled, and interfacial) and output power under
partially lukewarming conditions.

Design aid for users who want to build actual TEG systems, study
the stability and interfacing aspects (e.g., MPPT applications)
without going into the intricate details (e.g., semiconductor
physics).

A tool to study the effect of TEG array configuration on the
output power for a likely/known temperature pattern.

A planning tool that can help in the installation/modification of
efficient and optimum TEG arrays in a given thermal surrounding.
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Device-level SPICE model

(Thermal part and electrical part)
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Quasi-1D Hierarchical Modeling:
UNIVERSITY TEG module object oriented
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UNIVERSITY System-level pilot test rig
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Simulation result

UNIVERSITYComparison with experiment results from the test rig

(0]
o
[EEN
~N

~N
o
[EnY
_ o
a

%\

coolant temperature (°C)
=
(O]

Pt
Pl
"

o

output power (W)
w H U1 O
o O O

(IR
i

=/\==simulation - -
= =outlet simulation
—=$=measurement 13.5
20 13 —4=o0utlet measurement
10 12.5 =—inlet measurement
0 L] L] L] L] L] L] L] | 12 L] L] L] " ] L] L] L]
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
80 18
70 175
o ‘/‘_‘\n—A—/""
‘g 60 - E 17
-~ >
g 50 / N £ 165 7&%
S 40 / & 16
§_ 30 ——simulation 2 55 .—HW.
5 €
I ——measurement '—°° e ' _
10 S 145 4 =e—outlet measurement
—-inlet measurement
0 14 T T T T
[ e Brvrasant ol r 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
ENERGY TECHNOLOGY | -1

www.iet.aau.dk



UNIVERSITY

Outline

e Introduction of Thermoelectric Generators (TEGs) and application
background

e Unique Characteristics of TEG
e TEG System Hierarchical Modeling in SPICE & Prototype Experiments

» Applications of the Model in the Optimal Design of Large Energy Systems

[ rine Ermiant

ot ol ~
ENERGY TECHNOLOGY | & |




connectC

- Heavy luckwarm

[ e Brvrasant ol r
ENERGY TECHNOLOGY |
www.iet.aau.dk

e |

Practical Schematic in SPICE
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MPPT & Power Electronics Stage

UNIVERSITY Integration and Co-simulation
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{16x3} SFPS TEM Array

UNIVERSITY

Lukewarm Distribution || Praz (W) Lukewarm F)pfima_l Fmaz Worst Pmaz
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no. || Lokewarm Distriiution Frnax (W)
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{8x6} PFSS TEM Array
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Thank you!
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