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Abstract

Researchers have primarily attempted to increase their energy production in recent centuries
in order to improve their factories, their means of transport and their standard of living. After
the recent energy crisis, researchers and manufacturers have concentrated on improving the
management of energy, particularly by increasing the reliability of the energy grid. The
growing interest in thermo-electric generators is clarified in this context. Currently,
thermoelectric generators (TEG) enable the recovery of lost thermal energy, the production of
energy in extreme conditions, the generation of electric power in remote locations as well as
the power of microsensors. To generate electricity, direct solar thermal energy may also be
used. This analysis continues with the underlying concepts of thermoelectricity and presents
current and potential materials. Generator architecture and optimization has been discussed.
Finally, we produced an extensive presentation in this paper of thermoelectric generation
technologies including the production of power in extreme conditions, the recovery of waste
heat in transport and manufacturing, domestic development in emerging and developed
countries, micro-generation for sensors and microelectronics, and thermoelectric solar
generators. And also the possible technologies that are presently being researched in research
laboratories or in industry and many recent applications are presented. The main aim of this
paper is to show explicitly that it is worth testing, almost anywhere in industries or in domestic
usage, if a TEG can be applied as heat transfers from a hot source to a cold source.

Keywords: Application, Environment, Thermoelectricity, Thermoelectric generators (TEGS),
Waste.

I.  INTRODUCTION

The generation of energy is an important concern for our cities. Waste heat is an essential
question as well. Thermoelectric generators (TEGS) are actually taking off in this sense. TEGs
are made up of a series of thermoelectric (TE) modules mounted between two heat exchangers.
Each TE module is then made of many tens to hundreds of pairs of TE pairs connected in series
electrically and in parallel thermally, that transform a portion of the thermal energy passing
through them directly into electricity[1].

The perks of TEGs are multiple:
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e In comparison to many heat engines that first transform thermal energy into mechanical
energy and then convert this mechanical energy into electricity through an alternator,
direct energy conversion,

e No moving elements and no operating fluids inside the TEG, so no repairs and no
additional expenses,

e Along life cycle, especially when operating with constant sources of heat,

e No scale effect: in very small spaces or to generate kilowatts, TEG can be used for
micro generation,

e Noiseless movements,

e |t is possible to have every working role, making TEGs well suited for embedded
systems|[2].

Even after these benefits, TEGs have been confined to space applications for several years,
where their excessive durability explained their use to supply electricity to most probes sent to
the space (Voyager, Apollo, Pioneer, Curiosity, etc.). For more popular applications, poor
performance and high cost have been a barrier to their growth[3]. The advancements in the
design of modern thermoelectric modules are discussed in this article.

Applications

The circumstances under which the TEG is used and the design of the heating systems are the
two main parameters used for the representation of the implementations in this study as
classification system. Thus, the TEGs were divided into five broad sections:

e Electricity generation in extreme environments: traditional sources for TEGs are heat
sources,

e Waste heat recovery: the goal is to maximise heat sources using fossil fuels that are
normally internal combustion engines,

e Decentralized domestic power and combined heat and power generation systems: the
predominance of renewable energies,

e Micro-generation for sensors, microelectronics: power levels are very low and suitable
for all heat sources,

e Solar TEG: The sun is the source of electricity[4].

Electricity generation in extreme environments

In extreme conditions, the output of electricity must follow a number of very stringent
requirements. There are typically important systems that involve, for very long periods, a
highly stable energy supply. The environmental conditions, either very hot or very cold, very
wet or very dry, can be severe. In the case of space expeditions, servicing must be as minimal
as possible (in many cases, entry to these areas is by helicopter only or requires multiple hours
of travel) or non-existent. The generators must be able to work in a vacuum in space and endure
strong vibrations. Economic conditions here are not the most significant consideration and rate
well behind performance[5].

Waste heat recovery

One of the big problems facing mankind in the coming years is reducing greenhouse gas
pollution and limiting the ecological footprint. At the same time, every day, energy
requirements are rising. The recovery of wasted thermal energy for conversion into electricity
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is a big problem for research and industry. To this initiative, TEGs will lead. As an instance,
the 2014 calculation of the energy used by the United States by the Lawrence National
Laboratory Livemore indicates the following substantial values (the unit used is the Quad,
which is around 293 million MW.h.): the output of 12.4 Quads of electricity for domestic,
commercial and industrial use of about 38.4 Quads of primary energy (mainly fossil fuels or
nuclear). In the air, 25.8 quads of waste heat are released. 27.1 quads of primary energy are
utilised by the transportation industry and 21.4 quads are released. These findings illustrate the
margin for improvement in the recycling of waste oil[6][7].

Decentralized domestic power and combined heat and power (CHP) generation systems

Electricity is primarily generated and transmitted via grids through centralised power stations.
Many areas are not electrified yet, though. The mixture of low power needs and low resident
wealth in remote villages prevents access to the energy grid in developing countries. In certain
cases, connections to the grid are not the most interesting option in developing nations, and
greener possible options are being researched. Autonomous power output affects both
developing and developed countries for numerous reasons. Often, TEGs are only used for the
production of electricity, although most of the latest ventures concern TEGs used in integrated
heat and power systems. Killander recommended one of the first domestic applications, a stove-
top engine, for the remote far north of Sweden. Killander noted that " an unverified side
advantage of the generator is that the volume of fuel burning might have reduced.' They noticed
that the air in the room circulated and therefore improved comfort by the fan cooling the TEG
cold side. A streamlined CHP system was the system[8].

Solar thermoelectric generator (STEG)

Using the sun's heat as a source of heat for the TEG is the fundamental concept. The intensity
of the heat flux density in a TE pellet can be calculated using a simplistic equation that neglects
the Joule and Seebeck effects. Solar strength on earth, though, is of the order of 103 W/m2.
Therefore, amplifying this force by a factor of 100 is imperative. It is possible to use various
choices:

e Concentrate the solar flux collected directly by either designing special TE pairs of
thermal and optical concentrators or using traditional solar concentrators,
e Usage of TEG in a CHP device as a heat exchanger[9].

A way to create energy with TEG can also be waste heat on the cold side of the photovoltaic
(PV) panels or solar heat collected in pounds[10].

II.  CONCLUSION

New thermoelectric modules with enhanced ZT, a broader operating range enabling for higher
temperature variations and constructed of low-cost components that mitigate the detrimental
effects of low performance thermoelectric generators, have been introduced in this study of
photovoltaic application. Starting points have been identified for device design.

The production of TEGs has for years been restricted to areas of space and difficult accessibility
where consistency is important. The added benefit of these extreme environmental
technologies is very high, but they are specialised applications for which the demand is very
small. TEGs have demonstrated their severe durability in these implementations. Studies
undertaken by space exploration organisations have resulted in much of the TE materials being
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found and produced. In the market now and in the future, these products are or will be used. It
IS very important to remember, however, that the heat sources do not differ greatly in these
situations and that the components are therefore not subject to extreme thermal stress. For other
uses discussed in this report, where the temperatures of heating systems are evolving and where
the products also undergo quite serious cycles in temperature, it is very different.

In transport and manufacturing, waste heat is a significant problem. TEGs are rivals who can
lead to achieving a few percent of total productivity and to reducing the carbon impact,
considering their poor efficiency. Their prime benefits are their continuity and low upkeep. The
technological viability of TEGs for the automotive industry has been seen in numerous tests,
but the cost of TEGs based on Bi2Te3 is still too expensive.

The imminent introduction of TEG on vehicles should make new materials characterised by
low cost and wider working ranges. These new materials also provide the maritime industry
with very fascinating insights and enhance research in the aircraft sector. Developing TEGs
with low-cost components and with low-cost automation testing processing is the blueprint for
the future.

The different studies and explanations discussed in the analysis demonstrate, in developed and
developing nations alike, that TEGs are a good option for providing certain energy where no
grid connection is feasible. This capacity to create any energy often marginally or consistently
increases the performance of heat producing machines. In the final method, the poor
performance of TE materials is then masked by the development. The problem of low
performance can be solved by well-designed processes and carry substantial economic or
environmental added benefit. The recently availability of modern, affordable materials and the
start of manufacturers' production of TE modules would enable mass-market production of
combined heat and power packages. Once TE modules with similar characteristics to those of
Bi2Te3 are available at cheap cost, the large-scale deployment of these systems would be
efficient. The growth of micro-TEG would be propelled by the growing needs of self-powered
micro-sensors in the industry. Research on solar thermoelectric generators has also improved
the sun as a free heat source. Thermoelectric solar generators have not yet matured.

There is a desire for further studies. However, in designing viable devices that are equivalent
to photovoltaics, the availability of high-temperature TE materials coupled with the
construction of high-tech TE pairs combining optical and thermal concentrators can be a
challenge. In hybrid CHP solar systems, the use of TE modules can also improve the
performance of total systems by a few percent. Current research into organic TEGs is exciting
and new uses can easily be pictured in clothing or human objects. The ability of the various
applications mentioned in this paper clearly shows that it is useful to test if a TEG can be
applied as heat transfers from a hot source to a cold source, almost everywhere in industries or
in domestic usage.

I11.  REFERENCES

[1] D. Champier, “Thermoelectric generators: A review of applications,” Energy
Conversion and Management. 2017, doi: 10.1016/j.enconman.2017.02.070.

[2] M. Hamid Elsheikh et al., “A review on thermoelectric renewable energy: Principle
parameters that affect their performance,” Renewable and Sustainable Energy Reviews.
2014, doi: 10.1016/j.rser.2013.10.027.

1164



Journal of The Gujarat Research Society ISSN: 0374-8588
Volume 21 Issue 9, September 2019

[3] P.Sundarraj, D. Maity, S. S. Roy, and R. A. Taylor, “Recent advances in thermoelectric
materials and solar thermoelectric generators-a critical review,” RSC Advances. 2014,
doi: 10.1039/c4ra05322b.

[4] S. B. Riffat and X. Ma, “Thermoelectrics: A review of present and potential
applications,” Applied Thermal Engineering. 2003, doi: 10.1016/S1359-
4311(03)00012-7.

[5] L. E. Bell, “Cooling, Heating, Generating Heat with and Recovering Waste
Thermoelectric,” Science (80-. )., 2008.

[6] S. LeBlanc, “Thermoelectric generators: Linking material properties and systems
engineering for waste heat recovery applications,” Sustain. Mater. Technol., 2014, doi:
10.1016/j.susmat.2014.11.002.

[7] B. Orr, A. Akbarzadeh, M. Mochizuki, and R. Singh, “A review of car waste heat
recovery systems utilising thermoelectric generators and heat pipes,” Applied Thermal
Engineering. 2016, doi: 10.1016/j.applthermaleng.2015.10.081.

[8] Y. Zhang, X. Wang, M. Cleary, L. Schoensee, N. Kempf, and J. Richardson, “High-
performance nanostructured thermoelectric generators for micro combined heat and
power systems,” Appl. Therm. Eng., 2016, doi: 10.1016/j.applthermaleng.2015.11.064.

[91 L. L. Baranowski, G. J. Snyder, and E. S. Toberer, “Concentrated solar thermoelectric
generators,” Energy Environ. Sci., 2012, doi: 10.1039/c2ee22248ke.

[10] K. McEnaney, D. Kraemer, Z. Ren, and G. Chen, “Modeling of concentrating solar
thermoelectric generators,” J. Appl. Phys., 2011, doi: 10.1063/1.3642988.

1165



