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Abstract – In the present decade, a rising alarm of ecological matters of emissions, especially worldwide 
warming and the boundaries of energy resources has resulted in wide-ranging research into novel 
technologies of producing electrical power. Thermoelectric power generators have appeared as a 
promising alternative green technology due to their distinct advantages. Thermoelectric power 
generation offer a prospective application in the direct conversion of waste-heat energy into electrical 
power where it is needless to think the cost of the thermal energy input. The submission of this 
alternative green technology in converting waste-heat energy directly into electrical power can also 
improve the overall efficiencies of energy conversion systems. In this article, the fundamental concepts 
and production of thermoelectric power by waste-heat energy i.e. an unconventional green skill are 
reviewed and discussed. 

Keywords: Unconventional Green Skill, Thermoelectric Power Generation, Waste-Heat Recovery, 
Alternative Green Technology, Direct Energy Conversion, Electrical Power, Thermoelectric Materials. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

INTRODUCTION 

A Thermoelectric Power Generator is a Solid State 
Device that delivers Straight Energy Transformation 
from Thermal Energy (Heat) due to a Temperature 
Gradient into Electrical Energy based on ―Seebeck 
Effect‖. The Thermoelectric Power Cycle, with 
charge carriers (electrons) assisting as the working 
fluid, follows the vital laws of thermodynamics and 
warmly be similar to the Power Cycle of a 

Conventional Heat Engine. The Thermodynamic 
Power Cycle develops a net energy transfer by 
work in the form of electricity using an energy input 
by heat transfer from hot combustion gases. The 
energy transfers by heat and work have shown on 
the Figure 1 are each positive in the direction of the 
accompanying arrow. This convention is commonly 
used for analysis of thermodynamic cycles. 
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Figure 1: The Thermodynamic Power Cycle 
develops a net energy transfer by work in the 

form of electricity. 

Wcycle  is the net energy transfer by work from the 
system per cycle of operation in the form of 
electricity, typically. Qin is the heat transfer of energy 
to the system per cycle from the hot body drawn from 
hot gases of combustion or solar radiation, for 
instance. Qout is the heat transfer of energy from the 
system per cycle to the cold body discharged to the 
surrounding atmosphere or nearby lake or river, for 
example. Applying the closed system energy balance 
to each cycle of operation: 

 

Since the system returns to its initial state after each 
cycle, there is no net change in its energy: 

 

and the energy balance reduces to give: 

 

In words, the net energy transfer by work from the 
system equals the net energy transfer by heat to the 
system, each per cycle of operation. The 
performance of a system undergoing a power cycle 
is evaluated on an energy basis in terms of the 
extent to which the energy added by heat, Qin, is 
converted to a network output, Wcycle. This is 
represented by the ratio called thermal efficiency, 
which is given by: 

 

The thermal efficiency can also be written in the 
following manner, equation (4) becomes as: 

 

Thermoelectric Power Generators (TPGs) offer 
numerous distinct benefits over other technologies 
[1-4]: 

 Thermoelectric Power Generators (TPGs) 
offer numerous distinct benefits over other 
technologies [1-4]: 

 TPGs have self-same lesser size and 
effectively weightless. 

   TPGs have accomplished of functioning 
at prominent temperatures. 

 TPGs are appropriate for minimal and 
isolated applications, usually of rural 
power supply, where there is inadequate 
or certainly not the electrical energy. 

 TPGs are ecologically approachable. 

 TPGs are not position-dependent and 
are malleable power necessities. 

The chief disadvantage of TPGs is their 
comparatively slight Conversion Efficiency 
(typically ~5- 6 % [5]). This has been a most 
important reason in constraining their usage in 
electrical power generation to specified meadows 
by means of wide-ranging applications wherever 
dependability is a foremost thoughtfulness and 
cost is not. Presentations over the previous 
decade contained within industrial instruments, 
military, medical and aerospace [1, 5], in addition 
uses for transportable or else isolated power 
generation [6]. Conversely, in current years, an 
accumulative apprehension of ecological 
concerns of emissions, specifically global 
warming has given augmentation to in all-
encompassing investigation into Non-
Conventional Technologies (NCTs) of producing 
Electrical Power correspondingly TPGs has 
materialized as an encouraging Alternative 
Green Technology (AGT). Massive numbers of 
discarded heat are settled into the earth‘s 
atmosphere considerably of it at temperatures 
which are too low to recover using conventional 
electrical power generators. TPGs (also known 
as thermoelectricity) compromise an auspicious 
skill in the undeviating transformation of low-
grade thermal energy, for example waste-heat 
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energy, into electrical power [7]. Almost certainly the 
most primitive application is the deployment of waste 
heat from a kerosene lamp to provide thermoelectric 
power to power a wireless set. TPGs have also been 
used to deliver lesser extents electrical power to 
remote regions, as an unconventional to expensive 
gasoline powered motor generators [8]. In this waste 
heat powered thermoelectric technology, it is 
needless to think through the budget of the thermal 
energy input, and subsequently Thermoelectric 
Power Generators‘ (TPGs) little conversion efficiency 
is not a precarious disadvantage [1, 8]. In reality, 
more newly, they can be used in numerous cases, 
such as those used in cogeneration systems [9], to 
increase complete efficiencies of energy conversion 
systems by converting waste-heat energy into 
electrical power [3]. On the whole, the charge of 
TPGs fundamentally is made up of the device cost 
and operating cost. The functioning price is managed 
by the Generator‘s Conversion Efficiency (GCEs), 
despite the fact that the device cost is determined by 
the cost of its assembly to produce the anticipated 
electrical power output [1]. Ever since the 
Conversion Efficiency of a module is reasonably 
truncated, thermoelectric generation using waste 
heat energy is a superlative submission. In this 
situation, the operational cost is unimportant likened 
to the module cost because the energy input (fuel) 
cost is inexpensive or else free. For that reason, an 
imperative objective in TPGs using waste heat 
energy is to shrink the cost-per-watt of the devices. 

Furthermore, cost-per-watt can be reduced by 
optimizing the device geometry, improving the 
manufacture quality and simply by operating the 
device at a larger temperature difference [1]. 
Additionally, in manipulating high performance TPGs, 
the upgrading of Thermoelectric Properties of 
Materials and system optimization have fascinated 
the consideration of numerous investigation activities 
[10]. Their presentation and financial competiveness 
look like to depend on fruitful growth of 
supplementary progressive thermoelectric materials 
and thermoelectric power module designs. An 
Illustration of Thermoelectric Power Generator 
Module is shown in Figure 2. 

 

Figure 2: An Illustration of Thermoelectric 
Power Generator Module. 

The Thermoelectric Power Generators also are 
known as TEG or Peltier Module creates a detect 
temperature differential on each side. We can take 
the advantage of this temperature differential 
detection to generate electricity. A Snapshot of 
Thermoelectric Power Generators also known as 
TEG or Peltier Module is shown in Figure 3. This 
magical cells based on the Peltier effect are 
capable of generating electric power. The SP1848-
27145 (40 x 40 mm) Thermoelectric Power 
Generator TEG 120°C Peltier Module operates 
maximum up to 120°C which will give you different 
voltage and current outputs at different values of 
temperature. Followings are the quick overview of 
the Thermoelectric Power Generator SP1848-
27145: 

 Small and Lightweight, appropriate for use. 

 Designed specifically for Power 
Generation. 

 Sealed for moisture protection and contain 
thermal elements formulated for optimum 
Seebeck power generation.  

 High-temperature 120°C, with NM static 
protection. 

 Operating Temperature: 0-120°C. 

 Maximum Temperature: 120°C. 

 Open Circuit Voltage: 4.8V. 

 Quality tested cooling cells. 

 Simple to install and operate. 



 

 

Abhay S. Pandey1* Dharmendra P. Singh2 Prashant K. Pandey3 Sanjay P. Singh4 L. S. 
Awasthi5 R. Dhar6 

w
w

w
.i
g

n
it

e
d

.i
n

 

76 

 

 A General idea of Fabrication of Thermoelectric Power by Waste-Heat Energy as an Exceptional Green 
Skill 

 With 5v Booster board we can charge the 
cell phone. 

 

Figure 3: A Snapshot of Thermoelectric Power 
Generators also known as TEG or Peltier Module 

(SP1848-27145). 

In this paper, a background on the basic concepts of 
the Thermoelectric Power Generation is presented 
through the applications implemented in the recent 
patents of Thermoelectric Power Generation relevant 
to waste-heat energy. Among the huge amount of 
materials recognized to date, merely a comparatively 
limited is notorious as thermoelectric materials. As 
stated by Rowe [7], thermoelectric materials can be 
characterized into established (conventional) and 
new (novel) materials. The value of the figure- of-
merit (ZT) is usually proportional to the conversion 
efficiency ( ). The dimensionless term 

ZT is therefore a very suitable figure for associating 
the potential conversion efficiency of modules using 
different thermoelectric materials. Today's most 
thermoelectric materials, such as Bismuth Telluride 
(Bi2Te3)-based alloys and PbTe-based alloys, have a 
ZT value of around unity (at room temperature for 
Bi2Te3 and 500-700K for PbTe). However, at a ZT of 
2-3 range, thermoelectric power generators would 
become competitive with other power generation 
systems [1, 11]. Rowe [7], has reported the figure-of 
merit ZT of a number of thermoelectric materials 
together with potential power generating applications 
appropriate to waste heat energy. Effective 
thermoelectric materials should have a low thermal 
conductivity but a high electrical conductivity. A good 
deal of research in thermoelectric materials has 
attentive on increasing the Seebeck coefficient and 
reducing the thermal conductivity, especially by 
manipulating the nanostructure of the thermoelectric 
materials. Because the thermal and electrical 
conductivity correlate with the charge carriers, new 
means must be introduced in order to conciliate the 
contradiction between high electrical conductivity and 

low thermal conductivity as indicated by Weiling and 
Shantung [11].  

In recent times, an cumulative concern of green 
issues of emissions, in particular global warming and 
the restraints on energy foundations has occasioned 
in widespread investigation into pioneering 
technologies of producing electrical power and 
Thermoelectric Power Generation has materialized 
as an auspicious substitute green technology. In 
addition, massive amounts of waste heat are settled 
into the earth‘s environment much of it at 
temperatures which are too low (i.e. low-grade 
thermal energy) to improve via Conventional 
Electrical Power Generators. 

Thermoelectric Power Generation offers an 
encouraging skill in the direct conversion of waste 
heat energy, into electrical power. At present, Waste 
Heat Powered Thermoelectric Generators are 
consumed in a number of valuable presentations due 
to their different benefits. These applications can 
be characterized as micro- and macro-scale 
applications depending on the potential quantity 
of heat waste energy accessible for straight 
conversion into electrical power using 
Thermoelectric Generators. Micro-scale 
applications comprised those involved in 
powering electronic devices, for example 
microchips. Meanwhile the scale at which these 
devices can be made-up from Thermoelectric 
Materials and applied depends on the scale of 
the miniature technology offered. Consequently, 
it is anticipated that forthcoming enlargements of 
these applications are disposed to passage 
headed for Nano Technology. The macro-scale 
waste heat applications counted in: Domestic, 
Automobiles, Industrial and Solid waste. At this 
time, huge quantities of waste heat are cleared 
from industry, for example industrial plants and 
power utilities. Thus, utmost of the current 
research happenings on applications of 
Thermoelectric Power Generation have been 
focused in the direction of consumption of 
industrial waste heat. 

Forthcoming expansions in this extent might 
emphasis onto finding additional appropriate 
Thermoelectric Materials that could grip 
sophisticated temperatures from numerous 
industrial heat foundations at a practicable 
charge by means of acceptable presentation. An 
additional imminent way is to grow more 
innovative Thermoelectric Module geometries 
and alignments. The enlargements of added 
Thermoelectric Module Configurations by 
emerging innovative supple Thermoelectric 
Materials will make them more operative and 
gorgeous in applications where sources of waste 
heat have arbitrary shapes.  
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