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Italkero’s  gas heating product range 

A wide range of technical solutions based on gas combustion is 
available for heating of both residential and industrial 
environment. 

Most plants use central heating unit (boiler) and an 
intermediate fluid (e.g. water) to distribute and diffuse heat 
using separate  radiators. 

In some relevant cases, each heat-radiating unit includes the 
gas combustor and operates autonomously with local feed of 
gas and electricity. 

a) 

b) 

c) d) 

h) 
e) 

f) 

g) 

INTRO: WIDE RANGE OF GAS-HEATERS 
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Application of a thermoelectric device aiming to produce a small amount 
of cogenerated electricity for: 
 

• independent installation from of the electrical network, 

 
• cutting down the consumption of electricity for ventilation,  
 increasing energy efficiency 

 
• providing electricity to products that are without, for auxiliary  
 or ancillary functions 

 

TE direct conversion allows for compact design, no complex 
thermodynamic cycles, no  moving parts, intrinsically robust & reliable, 
easy operation and maintenance-free 

 

INTRO: TEG COGENERATION TARGETS 
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• 10 ÷ 30 W → ancillary functions such as remote control 
and monitoring and/or hi-efficiency LEDs illumination, 
indipendent from the connection to network; 

 

• 30 ÷ 100 W → power to forced ventilation for high yield 
heat transfer;  

 

• Above 100 W → cogeneration unit, if such power comes 
along with a conversion efficiency of at least 8%,  

INTRO: TARGET FEATURES ACCORDING  

TO OUTPUT POWER LEVEL 
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• Heat-radiating gas stove for outdoor has been used for 
the first test case, investigating feasibility and impact 
thermoelectric cogeneration 

 

• It is a completely autonomous device, with gas cylinder 
incorporated, for many hours of operation and a small 
battery for electronic starter, controller and safety 

 

• Adding special LED-based illumination for the unit is a 
major “design” improvement for the product, both 
aesthetical and functional 

 

• Furthermore, improving the heat transfer to 
surrounding environment, through forced ventilation 
and distribution of warm air, is also very beneficial 

TC1: FIRST TEST-CASE FOR TEG DESIGN  

AND DEVELOPMENT 
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TC1: TWO STEPS / OPTIONS FOR DEVELOPMENT 

	

• In first step (a), TEG is located at the 
top; cold side heat sinks exploit 
natural convection and radiation 
(simplest and most robust design); 
target electrical power: about 
qoWrequirement is about 10W 

 

• In the second step, TEG Is at half 
height, right above the burner; power 
required is intended to grow up to 
35W, for powering an auxiliary fan to 
spread warm air efficiently down and 
around to the environment 
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TC1: BASIC SPECIFICATIONS OF THE HEATER 
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TC1: TEG SYSTEM DESIGN FEATURES 

hot-side 

heat capturer 

(up to 350°C) 

Elastic 

assembly 

fixtures 

TEG module 

Natural convection / radiation 

composite heat sinks 

TIM - thermal interface materials / insulation / radiation shielding / sensor instrumentation… 
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TC1: TEG MODULE SPECIFICATIONS  
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TC1: TEG SYSTEM OPERATING LAYOUT 

5 

2 

4 

3 3 

5 4 

1 
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• Incremental design based on existing products 

 

• the INPUT (what is needed and consumed) and 
OUTPUT (how it benefits the user) is well known 

 

• Limited knowledge on “inner complexity” and energy 
balances within different macro-components: 
• natural draft burner, 

• glass tube “combustion chamber” 

• “throught-glass”-radiating flame 

• hot gas exhaust (iron cover) 

 

• Relevant “hidden” interactions, increasingly important 
when approaching complex integration of new 
features (ventilation fan, TEG cogenerator, etc.) 

 

 

MP: MULTI-PHYSICS MODELLING: 

WHY? 
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• Relatively easy-to-model single problems, when 
studyed one-by-one as isolated sub-systems with 
known boundary conditions 

 

• A strategy for modeling of operation of the whole 
complex system is needed to analyze and optimize 
interactions of sub-systems 

 

• COMSOL multi-physics modularity suits this purpose 

 

• Moreover, we aim to build parametric sub-models to 
be customized and combined, in new design analysis, 
for modeling different configurations involving same 
physics, similar problems and objectives BUT different 
size and ways of operations… different products 

 

MP: MULTI-PHYSICS MODELLING: 

WHY? 
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NEW DESIGN (AT HALF HEIGHT) 
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NEW DESIGN WITH FORCED VENTILATION 
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NEXT PRODUCT… 
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EXPERIMENTAL TESTS 
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CONVERTITORE TERMOELETTRICO A 2 MODULI TEG 

Tipo modulo TEGM Altec-1074 

Dimensioni L1 x L2 x s mm 60 x 60 x 4,0 

NB: Le grandezze seguent i sono tutte riferite a condizioni operative di massima resa, in match-

load (resistenza del carico, R.load, pari alla resistenza interna del generatore, R.int), temperatura 
lato caldo Th=250°C, salto termico sul modulo DT.mod=220K. 

Massima temperatura sul lato caldo 

continuativa (e di picco) 

Th.max °C <= 300°C 

(350°C) 

Massima temperatura sul lato freddo 

continuativa (e di picco) 

Tc.max °C <= 80°C 

(120°C) 

Tensione massima Umax V 3,8 

Corrente massima Imax A 4,3 

Potenza elettrica massima Wmax W 16,5 

Potenza termica massimo Qmax W 250 

Efficienza di conversione massima η % 6,5 % 
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PRESTAZIONI MEDIE DEL CONVERTITORE IN CORRISPONDENZA  
DELLA MASSIMA POTENZA EROGATA DAL GENERATORE 

 

Numero di moduli TEG N # 2 

Collegamento elettrico dei moduli TEG serie/parallelo in serie 

Temperatura di rilevata sul collettore caldo 

a potenza max 7kW 

Th °C 285°C 

Temperatura di esercizio rilevata  
al lato freddo con Tamb = 15°C 

Tc °C 88°C 

Delta-T nominale a cavallo del modulo TEG DT K 197°C 

Tensione a vuoto misurata sul modulo TEG VV V 13,60 

Carico elettrico esterno di prova (circa = Rint) RL Ohm 1,80 

Tensione misurata con carico esterno RL VL V 6,86 

Corrente misurata con carico esterno RL IL A 3,82 

Potenza totale erogata con carico esterno RL WEL W 26,2 
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DT.sys = 180 K 

DT.mod = 145 K 
DT.i = 35 K 

SUMMARY RESULTS AND DISCUSSION 
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RESULTS: OPEN ISSUE 
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CONCLUSIONS 

• Integration of TEG systems for cogeneration within gas heaters and gas 
stoves has been introduced 

• Different steps have been planned, involving growing amount of 
electrical power output according to different configuration of TEG and 
different product involved 

• Application test cases have been prototyped and tested 

 

• Numerical modelling using COMSOL multiphysics is introduced for 
studying sub-systems (combustion, heat transfer, thermoelectric 
generation) and complex joint operation  work in progress 

• Objectives: better understanding of interactions, speed up the design 
optimization, extrapolation of results from one configuration to other 
similar ones 

 
• Patent pending on special new design configurations 
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MOUNTING SEQUENCE 
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Figure 2.  Module Pressure System

Figure 3.   Bowing of Heat Sink/Source Figure 4.  Interface with Irregular Surface

threads will rapidly lose pressure.  A typical system that can

be used to mount a thermoelectric module to a hot surface is

shown in Figure 2.  The Belleville springs used in this

example apply a large amount of force in a very compact

space and at the same time they allow for thermal expansion.

2.3 Uniform Load

The clamping system used to hold the heat sink and heat

source onto the module can have a significant effect on the

module performance.  If the module is clamped to the heat

source and the heat sink by simply bolting along the edges of

the heat source and heat sink, then bowing can occur, since

the edge of the module acts as a pivot point as shown in

Figure 3.

Bowing of the heat sink will cause excessive forces on the

perimeter of the module and a gap in the center of the

module.  This type of mechanical loading is to be avoided

since it will result in nonuniform temperatures across the

face of the module and, therefore, poor performance from the

module. Also, if the forces around the circumference of the

module become too large, this may result in permanent

damage to the module caused by micro-cracking of the

thermoelectric material.  Thicker heat sinks and heat sources

will help minimize this bowing effect.

2.4 Heat Source Overhang

The maximum performance from the module is achieved

when the temperature difference across the face of the

module is zero.  Since the heat source will cook near its

edges, the edge of the heat source should extend well beyond

the edge of the module.  In a laboratory test set-up an

overhang of at least 0.5 inch is necessary to avoid most of the

cooling effects caused by the proximity of the edge of the

heat source.  In an actual generator it may not be possible to

allow for this 0.5 inch overhang.

2.5 Thermal Spreader

To further assist in uniform temperature distribution across

the face of the module, it is helpful to place a copper or

aluminum plate between the module and the heat source. If

the heat sink is not copper or aluminum, then a copper plate

should be placed between the module and the heat sink as

well.  The copper plate should be at least 0.25 inch thick.

The copper plate acts as a thermal spreader and helps to

minimize hot spots and cold spots and provide a uniform

temperature to the face of the module.

2.6  Flatness and Heat Transfer Compound

For maximum heat transfer across the interfaces, it is

important that the surfaces to which the module is to be

applied be as flat as possible.  A flatness of ±0.001 inch is

necessary but a flatness of ±0.0005 inch is recommended.  If

the heat sinks are being clamped from the sides then a very

slightly convex surface will help compensate for any bowing

that may occur.

In any interface, no matter how smoothly machined it is,

microscopic irregularities on the surface (see Fig. 4) limit the
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overhang of at least 0.5 inch is necessary to avoid most of the
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To further assist in uniform temperature distribution across

the face of the module, it is helpful to place a copper or

aluminum plate between the module and the heat source. If

the heat sink is not copper or aluminum, then a copper plate

should be placed between the module and the heat sink as

well.  The copper plate should be at least 0.25 inch thick.

The copper plate acts as a thermal spreader and helps to

minimize hot spots and cold spots and provide a uniform
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2.6  Flatness and Heat Transfer Compound

For maximum heat transfer across the interfaces, it is

important that the surfaces to which the module is to be

applied be as flat as possible.  A flatness of ±0.001 inch is

necessary but a flatness of ±0.0005 inch is recommended.  If

the heat sinks are being clamped from the sides then a very

slightly convex surface will help compensate for any bowing

that may occur.

In any interface, no matter how smoothly machined it is,

microscopic irregularities on the surface (see Fig. 4) limit the

Issue: fragility (solid-to-solid interfaces) 

 Uniform mechanical load 

Issue: thermal expansion 

 Elastic compression  
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the edge of the module acts as a pivot point as shown in
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module become too large, this may result in permanent
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will help minimize this bowing effect.
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when the temperature difference across the face of the
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edges, the edge of the heat source should extend well beyond
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overhang of at least 0.5 inch is necessary to avoid most of the
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To further assist in uniform temperature distribution across
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the heat sink is not copper or aluminum, then a copper plate

should be placed between the module and the heat sink as

well.  The copper plate should be at least 0.25 inch thick.

The copper plate acts as a thermal spreader and helps to

minimize hot spots and cold spots and provide a uniform
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For maximum heat transfer across the interfaces, it is

important that the surfaces to which the module is to be

applied be as flat as possible.  A flatness of ±0.001 inch is

necessary but a flatness of ±0.0005 inch is recommended.  If

the heat sinks are being clamped from the sides then a very
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Issue: temperature drops and hot spots 

 Thermal compounds, pressure 
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Figure 1 - HZ-14 Thermoelectric Module Showing the
Cold Side (right).  The hot side (left) shows dots of
the eggcrate material. 

USE, APPLICATION AND TESTING OF
Hi-Z THERMOELECTRIC MODULES

(The HZ-14 is used as an example.  The other modules should be evaluated in a similar way.)

Frederick A. Leavitt, Norbert B. Elsner and John C. Bass
Hi-Z Technology, Inc.

7606 Miramar Road, San Diego, CA 92126-4210
Telephone (858) 695-6660; Fax (858) 695-8870 � e-mail: info@hi-z.com

Abstract

The HZ-14 is a thermoelectric module that converts low

grade, waste heat into electricity. To obtain optimum

performance from the HZ-14 it is important to address

several key points when using the module in an application.

These key points in the use of the module are discussed, and

methods of identifying the causes of inferior performance are

addressed.  The performance characteristics of the module

are also described.

1.0  Introduction

The HZ-14 is a thermoelectric module that is intended to

target the waste heat market.  The module uses bismuth

telluride based alloys and consists of 98 couples as shown in

Figure 1.  When applied to any heat source, the module

requires a heat flux of about 8 watts per cm2. With a

temperature difference of 200°C the module converts 5% of

the thermal energy that passes through it into electricity,

generating a minimum of 14 watts of electrical power.  When

properly installed, it will  run for tens of thousands of hours.

It has been observed, however, that unless special attention

is paid to ceratin details, satisfactory performance from the

module is not achieved. The purpose of this presentation is

to address these key point and to discuss some solutions that

have been found to yield good results.

2.0 Mounting of the Module

The best method of using the module is to compressively

load it between the heat source and the heat sink.  A

minimum load of 200 psi has been found to yield the best

results.  It is very important to uniformly distribute the load

over the surface of the module to achieve optimum power

performance and avoid damaging the module.  A well

designed mounting system needs to address the following

issues:

1) Compressive Loading

2) Thermal Expansion

3) Uniform Load

4) Overhang

5) Thermal Spreader

6) Flatness & Thermal Transfer Compound

7) Thermal Bypass

8) The hot side of the module is the side showing dots

2.1 Compressive Load

Putting the module under a compressive load helps in two

ways: 1) it ensures that the module always remains in

compression (where it is the strongest), and 2) it maximizes

heat transfer across the interfaces.  Experimentation shows

that most of the beneficial effects on heat transfer are

achieved with a 200 psi compressive load.

2.2 Thermal Expansion

In determining the compressive load, it is important to

accommodate the large thermal expansion of the module

which is about 20 x 10-6 °C-1.  The best way to do this is to

use springs to apply the load.  If the system is simply bolted

together, then the expansion of the module will apply too

much pressure, or conversely, any yield in the bolts or
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Issue: thermal bypass 

 Special configurations 

Issue: thermal bridge 

 Increased thermal path 
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Figure 5.  Increased Thermal Path

Figure 6.  Double Sided Arrangement

amount of contact area that can be achieved between the two

surfaces.

Filling the voids in the interface, that are caused by the

irregular surfaces, with a heat transfer compound can greatly

improve the thermal conductivity across the interface. Using

too much thermal transfer compound, however, will prevent

metal-to-metal contact, and the thermal conductivity will

actually be reduced.  Conventional silicone greases, using a

ZnO filler that are commonly used to heat sink transistors,

work very well, If maximum performance is necessary, heat

transfer greases filled with AIN or BN will decrease the

thermal resistance.

Thermally conductive adhesives are available that could be

used to bond modules to heat sinks and heat sources, but they

do not yield satisfactory results.  Even though the bulk

advertised properties appear to be good, the filler material

often pulls away from the interface surface leaving a layer of

unfilled adhesive with a very low thermal conductivity.

Another disadvantage with adhesives is that the module may

not always be held in compression as it is with spring

loading.  If the adhesive allows the module to be subjected to

tensile or shear forces it then becomes susceptible to damage.

2.7  Thermal Bypass

A significant loss of efficiency in thermoelectric systems that

is often overlooked is thermal bypass.  Thermal bypass is

defined as thermal energy that passes from the hot side to the

cold side without passing through the thermoelectric

material.  About 2% if the thermal energy passing through

the module bypasses the thermoelectric material by passing

through the module structure.

A much larger portion of the thermal energy can bypass the

module by passing through the metal support structure

outside the module and through the air gap between the hot

and cold sides.  Referring to Figure 2 it is obvious that a

large amount of thermal energy will pass from the heat

source to the cold side through the mounting rods. This can

be minimized by making the mounting rods as small as

possible, choosing low thermal conductivity materials and by

increasing the length of the thermal path.  One method for

increasing  the  length of  the  thermal  path is  shown  in

Figure 5.

To avoid any support structure that can conduct heat from

the hot side to the cold side it is suggested, where possible,

to mount a thermoelectric module on both sides of the heat

source.  This allows the mounting rods to go from one cold

side to the other cold side without touching the heat sources

as shown in Figure 6.  This arrangement forces all of the

thermal energy to pass through the module with the

exception of the thermal energy that is lost to the

surrounding atmosphere.  Good thermal insulation will

minimize the heat losses to the atmosphere.

3.0 Interfaces

The interface between the module and the heat source and

the interface between the module and the heat sink is a very

critical component of any thermoelectric system.  The

surface of the module consists of the metallic, electrical

conductors that join the �N� and �P� elements of the module.

It is essential that these conductors are not electrically

shorted together.

Since most heat sources (and heat sinks) are also electrically

conductive, an insulating material must be placed between

the module and the heat source or heat sink.  If the heat

source (or sink) is not electrically conductive then, of course,

this is not necessary.

Several options for an electrical insulator exist and they each

have their advantages and disadvantages.  Some of the more

common alternatives are:

1) Impregnated silicone pads

2 Hard anodized Al2O3 coatings.

3) Sputtered coatings

4) Al2O3 wafers
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The HZ-14 is a thermoelectric module that is intended to

target the waste heat market.  The module uses bismuth

telluride based alloys and consists of 98 couples as shown in

Figure 1.  When applied to any heat source, the module

requires a heat flux of about 8 watts per cm2. With a

temperature difference of 200°C the module converts 5% of

the thermal energy that passes through it into electricity,

generating a minimum of 14 watts of electrical power.  When

properly installed, it will  run for tens of thousands of hours.

It has been observed, however, that unless special attention

is paid to ceratin details, satisfactory performance from the

module is not achieved. The purpose of this presentation is

to address these key point and to discuss some solutions that
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The best method of using the module is to compressively

load it between the heat source and the heat sink.  A

minimum load of 200 psi has been found to yield the best
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2.1 Compressive Load

Putting the module under a compressive load helps in two

ways: 1) it ensures that the module always remains in

compression (where it is the strongest), and 2) it maximizes

heat transfer across the interfaces.  Experimentation shows

that most of the beneficial effects on heat transfer are

achieved with a 200 psi compressive load.

2.2 Thermal Expansion

In determining the compressive load, it is important to

accommodate the large thermal expansion of the module

which is about 20 x 10-6 °C-1.  The best way to do this is to

use springs to apply the load.  If the system is simply bolted

together, then the expansion of the module will apply too

much pressure, or conversely, any yield in the bolts or


