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H I G H L I G H T S

• New TEG based on catalytic combustor is developed with a volume close to AA battery.

• The system is designed to be safe, accessible for portable use as electronic supplier.

• Our solution shows an alternative for low power supply open to further improvements.

• Characterization procedure is defined allowing deep understanding of the processes.
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A B S T R A C T

In recent years, the portable technology is receiving a great interest and significant improvement due to the
progresses in electronic technology development and energy storage solutions. The decrease in power require-
ments for working energy systems, due to the increased efficiency and to the reduction in components size, opens
the access to new solutions for power supplying. In particular, alternative backup systems for battery charging or
replacement could be designed taking advantage of unconventional technologies. It is the case of small pho-
tovoltaic portable panels or fuel cells technology: in these solutions different sources are used to produce limited
electrical powers required to keep devices on. In this paper, a thermoelectric solution for the power generation
has been considered: the generator has been designed and assembled starting from a catalytic combustor.
Catalytic combustion allows safe control of the processes, and the choice of a hydrocarbon fuel ensures the
power availability and a fast recharge. The size of the system is set to fit a volume close to the one of AA
batteries. The electrical power output obtained is close to 1W with a cold side temperature below 40 °C. The
limited values of these physical parameters allow obtaining a portable and safe device. The generator has been
fully characterized in different ranges of fuel flow rates and the performances have been thoroughly analysed for
processes optimization and efficiency improvement.

1. Introduction

Thermoelectric (TE) technology allows the direct conversion of heat
into electrical power. The complete absence of moving mechanical
parts makes this technology highly reliable for long term waste heat
recovery. The technology takes advantage of intrinsic material prop-
erties, therefore the operating behavior of a thermoelectric device is
strictly and intrinsically related to the material used. Of course, some
boundary conditions have to be considered, such as the maximum
temperatures, the maximum heat flows and other parameters involved
in the conversion process. The dimensionless figure of merit, ZT, asso-
ciated to a thermoelectric material, describes the effective capability of

the material to convert a heat flow into electrical power [1]. ZT para-
meter is also related to the maximum efficiency that a thermoelectric
element can achieve operating at a certain ΔT. In Fig. 1 the efficiency of
a thermoelectric device working between hot (Th) and cold (Tc) tem-
peratures, ΔT, is plotted for several ZT values. Increasing ZT values, the
equation approaches the Carnot limit. At the same time the ZT slope
decreases with increasing temperature gradient. In the inset the same
data are reported in the range actually interested by available ther-
moelectric technologies.

As for the state of art of thermoelectric modules, chalcogenides
based on Bi, Sb, Te and Se compounds are the only materials currently
used for the fabrication of commercial modules. The materials
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characteristics in terms of chemical stability, mechanical properties and
thermoelectric behavior, coupled with the technological solutions re-
quired for the module assembly, impose the operating boundary con-
ditions for the devices. Usually, the best performances are obtained for
ΔT between 200 °C and 250 °C, with an upper limit for Th close to
300 °C. Higher working temperatures affect the reliability of the device,
leading to materials aging or device performances degradation and
failure. The ZT average value for this class of materials is close to 1
[2,3], therefore the theoretical efficiency achievable with actual com-
mercial system is below 12%.

Recently, thanks to a growing interest in energy recovery solutions,
several materials have been developed and studied [2–6] with the aim
to achieve higher ZT values, for improvement in conversion efficiency,
and higher working temperatures range. This second target, even not
involving a significant change in the efficiency of the system, is im-
portant to open new fields of application for the thermoelectric tech-
nology.

In recent years optimized thermoelectric generators (TEG) for large
scale applications based on low power requirements have been deeply
investigated. It is important to underline the high reliability of these
systems and their compactness and noiseless operating conditions, as
well as their capability of taking advantage of any kind of heat, despite
the low temperature. These aspects already made the TE solution suc-
cessful for applications such as low temperature waste heat recovery or
power generation in deep space exploration [7–9]. In Fig. 2 the com-
parison between the efficiencies of a TEG system and a standard engine
is reported vs. the power output required [10]. It can be seen that below
few hundreds of Watts, the thermoelectric system is advantageous
thanks to its constant behavior.

Despite of the practical absence of thermoelectric generators on the
market, an increasing number of studies have been performed for the
evaluation of a thermoelectric solution in different cases of waste heat
recovery or system efficiency improvement [11–27]. Here the attention
moves on the capability of transferring the results produced on mate-
rials to the modules: the presence of electrical and thermal contacts
necessary to embed the active elements, strongly affects the efficiency
of the thermoelectric conversion. Looking at the results reported in
literature and at the data for the commercial modules available, effi-
ciencies between 1% and 5% are reported for the modules. Going down
with the chain, the losses related to the thermal chain needed to
transfer the heat from the hot source and to the cold sink have to be

taken into account. In fact, each interface and thermal joint are re-
sponsible for losses in the heat transfer affecting the total efficiency of
the thermoelectric generator (TEG). This reduction in efficiency re-
presents the main limitation for TE technology. In all the applications
based on TE modules, a significant drawback is due to the heat loss in
the TE modules coupling [11,28]. Many interesting studies are oriented
to the coupling of the thermoelectric technology to other systems,
looking for an enhancement of the energy production performance of
the overall system.

The application of TE devices in micro power generation has gained
also interest, given the need for power requirement reduction to fit the
battery outputs. This interest has been also triggered by the develop-
ment of miniaturization of mechanical and electromechanical en-
gineering devices, especially in the areas of microelectronics, bio-
mechanics, microfabrication techniques [29]. The aim is the
development of power-supply devices with high specific energy (small
size, low weight, long duration) [30,31]. The choice of the heat source
is strictly related to the achievement of different efficiency limits. Due
to the high energy content, hydrocarbon fuels can provide, even at low
conversion efficiency, energy density higher than the most advanced
batteries [32–35]. Therefore, hydrocarbon-based devices as portable
power sources [34–39] could be considered a suitable solution as a heat
source. In this context, catalytic reactors [40–44] are of major interest:

Fig. 1. Thermoelectric conversion efficiency vs. ΔT for different ZT values. The solid line corresponds to the Carnot limit efficiency. ZT values greater than 1.5 are reported to suggest the
potential perspectives of the technology, even if they are, up to now, inaccessible.

Fig. 2. Thermoelectric and ‘engines’ efficiency crossover vs. Power Outputs. Two curves
for TE devices corresponding to different ZT values are reported [10].
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