
Steelmaking is an energy intensive process and is a 
significant contributor to greenhouse gas emissions. 
Thermoelectric technologies can potentially play a role 
through improving the efficiency of a variety of processes. 
The InTEGrated project develops and tests thermoelectric 
generator (TEGs) prototypes to recover thermal energy from 
furnace cooling water and radiation from hot steel products. 
The design of these prototypes is supported with 
numerical modelling, utilising 
COMSOL software.

Introduction

• Build prototypes which match expected performance based 
on theoretical and experimental predictions

• Prototype A: heat recovery from hot water
• Prototype B: heat recovery from radiant surfaces 

(900 oC) with overheating protection
• Improve accuracy of the simulated models through 

experimental validation
• Use models as design tools to implement future designs, 

enhancing the optimization process of next gen prototypes

Aims & Objectives

Prototypes & Models

Experimental validation of TEG models

Ø Two COMSOL models developed and validated using 
data from tested Prototypes and their components: 

•        Prototype A for energy recovery from cooling water
•        Prototype B for energy recovery of thermal radiation
Ø COMSOL models used to predict performance under 

different operating conditions
•         Hot water temperature and flow rate
•         Absorbed heat flux and absorber size
Ø Adapted COMSOL models to further optimise the design 

performance
•         Improved thermal contact resistance
•         Benefits of improved insulation
•         Use of different TE materials

Conclusions
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Experimental validation of TEG components
• Modules tested to determine 

electrical and thermal properties
• TE Material properties k,s and a 

taken from data source 
• Thermal and electrical contact 

resistance parameters fitted 
• Module models build into TEG 

COMSOL model

Prototype A Prototype B 

Prototype A Prototype B 

20.00 40.00

60.00

80.00

100.0

120.0

140.0

10 20 30
8

18

32

50

72

Absorbed radiation/kWm-2

N
um

be
r o

f m
od

ul
es

0.000

20.00

40.00

60.00

80.00

100.0

120.0

140.0

160.0

Output power/W

28.13

56.25

84.38 112.5

140.6 168.8

10000 20000 30000
8

18

32

50

72

Absorbed radiation/kWm-2

N
um

be
r o

f m
od

ul
es

0.000

28.13

56.25

84.38

112.5

140.6

168.8

196.9

225.0

DT across modules/K

• Good agreement is achieved for both prototypes
• Two versions of Prototype B tested in lab
• Comparison with data with long term field testing at steel 

works will be analysed at the end of the project

• Outer casing and inlets and 
outlets not included in model

• ¼ model simulated to reduce 
computing cost

• Laminar flow is assumed at 
all flow rates

• Identical module 
characteristics assumed for 
all 24 modules

• Absorber plate e=0.9 on side 
facing heat source, e=0.5 on 
other sides

• Hot side components; heat 
losses due to radiation and 
convection 

• Cold water heat-sink 
geometry simplified; same 
flow and velocity

• Thermal conductivity of heat 
pipe measured and set to 20 
kW/mK in model

Prototype simulations

0 20 40 60 80 100 120 140 160
0

2

4

6
 Prototype A module
 Prototype A simulation
 Prototype B module
 Prototype B simulation

O
ut

pu
t e

le
ct

ric
al

 p
ow

er
/W

DT/K

40 60 80 100 120 140 160 180 200 220 240

0

10

20

30

40

50

60

70

80
 TEG experimental data
 TEG simulation data

O
ut

pu
t e

le
ct

ric
al

 p
ow

er
/W

DT/K

Prototype A Prototype B 

0.01 0.1 1 10
0

2

4

6

8

10

12

14

16

18

20
 55 oC hotside water temperature
 74 oC hotside water temperature
 95 oC hotside water temperature

TE
G

 o
ut

pu
t p

ow
er

/W

Water flow rate/lpm

0.01 0.1 1 10

10

20

30

40

50

60

70

80
 55 oC hotside water temperature
 74 oC hotside water temperature
 95 oC hotside water temperature

Av
er

ag
e 

te
m

pe
ra

tu
re

 d
iff

er
en

ce
 a

cr
os

s 
m

od
ul

es
/K

Water flow rate/lpm

0.01 0.1 1 10
0

2

4

6

8

10

12

14

16

18

20

TE
G

 o
ut

pu
t p

ow
er

/W

Water f low rate/lpm

 kc=1820 W/m2K, Th=74 oC,Tc=11 oC
 kc=5330 W/m2K, Th=74 oC,Tc=11 oC 

• Models can be used to determine the performance at 
different input parameters

• New designs can be implemented and tested in simulations
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 h= 20 W/m2K, current module (ZTmax»1 @350 K)
 h= 5 W/m2K, current module (ZTmax»1 @350 K)
 h= 5 W/m2K, theorectical module (ZTmax»2 @600 K)

Absorbed heat ~ 5500 W
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