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ABSTRACT

In view of the fast depleting resources for power generation, search for alternate renewable energy resources and
their reutilization has gained importance. Thermoelectric power generation, a concept based on Seebeck effect is
the basic principle of this paper. The paper aims to conduct research in the domain of thermoelectric generation
and come up with a unique model to effectively harness it. The paper comprises of the design and testing of a
portable Thermoelectric Generator prototype under various conditions. The direct conversion of thermal energy
into electricity and a wide range of thermal sources make the system highly reliable, user friendly and compact.
The prototype thus designed gives a significant output even at low temperature differences, proving the feasibility
of thermoel ectric generation as a waste heat recovery system.
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INTRODUCTION

The basis of the paper and of thermoelectric pogereration is Seebeck effect. Seebeck effect sthtdsa
temperature gradient between two dissimilar eleatrconductors (bimetallic pair) results in thefasfon of
charge carriers. The flow of charge carriers betwide hot and cold regions in turn creates a velt@ifference.
Waste heat trapped from various sources can thustilised to generate electricity. The dissimilasnductors
range from aluminum to platinum. However, the paost suited is semiconductors such as bismuthrigdor
lead telluride. Thermoelectric power generators GJEonsist of a major part called the thermoelecpdwer
modules. These modules comprise of a bimetallip sif n-type and p-type semiconductors embeddec in
ceramic sheath for better protection and suppdmesé modules serve the same purpose obeying theythé
Seebeck effect and were utilized in the prototymgrecfeating a robust, compact and efficient prodBcbtotype
design and optimization was done to arrive at agmlicsystem for waste heat recovery. We then coeduct
experiments at different temperatures for a widagea of thermal sources to analyze the feasibilig a
competitiveness of the technology.

A literature survey was conducted for the purposbasnessing the best effects of influencing patense This
survey began with the study on the paper by Liel@hnan [1]. The paper highlighted the importanceofeasing
the temperature difference for a greater potedifé¢rence. Various TEG modules were studied is fraper and
their results were drawn out. This provided ushwsgtfficient evidence that photovoltaic cells (PMpuld be
costlier than Direct Heat to Electricity (DHE) celor the same amount of power generated. The neséar the
prototype is based on the analysis of various patars and the importance of Seebeck coefficiendshamv they
impact the efficiency of a TEG module [2].Basedtbe conclusions acquired from the paper by Duh@udgan
[3], we gathered and analyzed the Seebeck coeffief various materials. The paper claimed thatdifference
in Seebeck coefficients have a positive effect lom power generated. This was corroborated withstiey
conducted which further cemented the experimentdithe project work. This paved way for understagdiow
Seebeck coefficient can improved by doping. Thiggralso resulted in increasing our scope for appbin as the
evidence stated uses which were otherwise unknown.

The research continued onto studying another teahpiaper for the development on solar energy geoef4].
From here, we modified the sources of temperatuiferdnce and decided on designing a model thatldvou
harness waste energy as well. This idea was strengtl by the studies conducted previously anddattevn in
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the Home made energy using gas stove paper [Sihencar waste heat recovery systems paper [6]. gapsr was
based on the development of electricity at homexqushe waste energy from a gas stove. It thus ase@
applications making the idea more practical for lenpentation. The technology was analysed from anceruial
point of view in the Komatsu paper [7]. The cosalgris, market research and feasibility analysisved the
competitiveness of thermoelectric power as a nansentional source in the market. It also made tlea iof this
energy source as practical and dependent source plarsible than earlier believed [8].

DESIGN AND CONSTRUCTION

As stated earlier, thermoelectric power modulesewssed in the system. By studying the various cormiaéy
available Thermoelectric Cooler (TEC) and Thermciele Generator (TEG) modules, we arrived at TEO7GD
which best suited our purpose [9].The research @itoedesign and fabricate a layered structure oE-I20760
fixed between aluminum plates embedded amidsbsilgealant. Aluminum was selected due to its lost,oeasy
availability and high thermal conductivity at 205MK .To fix the aluminum plates to the TECs, wediiermal
paste. Thermal paste adheres to surfaces well fargd Helped in greater heat dissipation. To theymsdial the
model, we used silicon sealant which acted as sulator by not allowing heat to flow from the hatesto the cool
side and vice versa. It also provided rigidity e tmodel. The cooler surface of the TEC module wiias left
open to the atmosphere was covered by a heatH®iekheat sink helps maintain a cooler surface waildws for a
greater temperature difference to be set up, lgattinarger potential difference. The wires frone tixed TEC
were pulled out from a single side, towards antateboard. Each TEC gives an output of 1-5V acowdo the
temperature difference established. Voltage regtdawere fixed on the electric board. These regtdatvere used
to regulate the voltage obtained from the TECs twoastant of 5 volts. Eight such regulators weredusach
connected to an individual TEC. All these output® wolts each were then connected in series intlremches of
four TECs to obtain a total output of 40 volts.

Thus, the components and their specifications @elu

» 8 TEC12076 Modules with dimension of 40mmx40mm. Silicon Sealant
) e Thermal paste
* Aluminum plate of 250mmx180mm. .
: e 8 voltage regulators on an electric board
e 4 rectangular aluminum plates of 220mmx40mm. «  Single Strand Wires
* Heat Sink of 250mmx180mm . 9

Insulation Tape

Four individual TECs were fixed at equidistant piosis with the help of thermal paste between twadamgular
aluminum plates of the dimension 220mmx40 mm. Timpase of the smaller aluminum plates was to ptdtex
wires from heat. Two branches were made and thebicmd modules-plate was then arranged on the
180mmx250mm larger plate using the thermal passhagn in Fig.1. Aluminum heat sink was similartjaahed
using thermal paste. The proposed model and thealatabricated prototype are shown in Fig.2 and.Fig
respectively.
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Fig.. 3 Fabricated prototype

Fig.. 2 Proposed model to Aluminum plate
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Areas of individual layers:
CII MICATATES C ALY « Area of the top plate: 250x180 = 45000 fnm
» The first and fourth layer of thermal paste that
covers the aluminium slab,
« Area: 220x40 = 8800 mim
+ Area of Aluminium slab: 220x40 = 8800rim
e The second and third layer of thermal paste
cover the TEC modules per branch,
Fig.. 4 Plate TEC system o Area: 4x40x40 = 6400 mim
« Area of TEC module: 40x40 = 1600 rim
« Area of Base Plate: 250x180 = 45000 Tnm

SEMICONDUCTORS ( Bi;Te; )

Al Slab A-A(1:1) BasePlate « Area of fin: 3x250x25 = 18750 nfm
AN Thickness of each layer:
\\ / » Thickness of the top plate: 2 mm
S s * Thickness of Aluminium slab: 4 mm
e Thickness of thermal paste: 1 mm
T I.m t « Thickness of ceramic layer: 1 mm
0 ate

e Thickness of semiconductor layer: 2 mm
Fig. 5 Cross section of model » Thickness of Base Plate: 5 mm

On the basis of the material used, the thermal ectihdty (K) of the materials is as follows:
e Top plate = 205 W/mK = of Aluminium Slab
e Thermal paste = 1.2 W/mK
e Ceramic plate (alumina) = 32 W/mK
* Semiconductor = 1.2 W/mK
» Cast Aluminium Base Plate: 150 W/mK
» Coefficient of Convection = 15 W/mK

To justify the use of fins, we analysed the systen calculated the heat flow, boundary temperatuitt®ut the
fin. Following assumptions are made:
» Heat Transfer due to silicon sealant is negligible.
 The TECs are assumed to be 3 plate system, withubtistelluride embedded between ceramic plates as
shown in Fig.4.
The cross sectional view of the model is shownignd- The equivalent electrical system is showRim6.

Thermal Paste

Thermal Paste Thermal Paste Thermal Paste
"W—AAMW—MW—TFWT—W—AN— ANV

Al slab Al slab

TEGs Base Plate
Top Plate

Thermal Paste Thermal Paste Thermal Paste Thermal Paste

i ATA A VLY
Al Slab Al Slab
—AAA VA VA VA A VWA VA

Fig. 6 Electrical circuit

Treating the model as a composite wall, we perfarthermal calculations.
We found out the equivalent conductive resistankifvwas 0.3612 K/W and convective resistance 48 K/W.
Total Resistance (without fins) = 1.8426 K/W

Q Temperature of hot side - Temperature of room

Now, Heat flow rate (Q) without fin; - .
Summation of Resistances

Where, Temperature of hot side =@@&nd temperature of room = £7
Therefore, Q =28.763 K/IW
Interface Temperature;

Let T, be the temperature at the interface,
Thus, T=69C

grgperature at Interface—Temperature of room
Equivalent Resistance
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Thus, we can conclusively state that the tempezatithout the fins (heat sink) at the outer watkiface was 69
and was thus very high. The use of fins to redbce high temperature was thus justified. By instgllfins, the
experimental results show that the temperatureeabtiter wall can be dropped to an average 6f 3Bus a drop of
36C was obtained for the operational temperatures Heilps increasing the efficiency of the systentesithe
temperature difference is directly proportionattie voltage generated.

The previous model was optimized and following afemwere made:

1. Double layer of insulation using an insulation ghea

Reason: The insulation protects the wires from pogsible mechanical damage or electrical failur&ingathe

model durable for longer use.

2. The reduced use of the silicon sealant.

Reason: The previous design included the spre#fieddilicon sealant throughout the aluminum pldess/ing very
little space for clamping or holding the device. Bis modification, we can ensure that there isigeht space to
not only hold the model but also to clamp it. Thédps increasing its application, avoids unwantech® due to the
hot side and makes it more user friendly.

As explained before the basic principal behinddperation of the project is Seebeck Effect. Theqiype which
resembles a plate or lid can be easily placed aveeat source to channelize all the energy whiabtherwise
wasted. The heat from the hot source heats thertbf the model. The cold surface is exposedaatmosphere.
Between these surfaces, we have placed the TEC6L2@dules which are fixed between aluminium plated
embedded amidst the silicon sealant. Thus whehdhsurface receives heat, the aluminium platestea the heat
to the hot side of the TECs and a temperaturerdifiee is set up at the TEC modules. This causesetiup of a
potential difference across the ends of the TEC uleodesulting in the flow of electricity. For a ¢mr useable
voltage, the prototype has 8 TECs with separatiiohehl regulators, connected 4 in a series andswah branches
are formed. The output encountered from a temperaradient of 25°C is close to 20.5 volts fromteacanch.
Thus each branch provided enough energy to lightruprray of 60 LEDs (20 X 3 connected in parakelyl be
used for lighting applications. In order to tes thalidity of the design we tested the system ffavahousehold and
commercial purposes

RESULTS AND DISCUSSIONS

The first testing was done with a household inducstove as shown in Fig. 9. In accordance withaiheof waste
heat utilization, we used the heat from a cookiaglyy employing the prototype as a lid. The tempeeagradient
set up a potential difference. The variation ofgmtial with change in the temperature gradient plagted and
results are shown in Fig.10. To know the systermpaesiveness, we recorded the rise in output voltage a period
of time until the output reached its maximum vallibe graph is shown in Fig.11. Taking the testinghfer, we
analysed the drop in voltage output once heanmwed. We thus plotted the fall in output potentvith a decrease
in temperature gradient shown in Fig.12 and the drooutput voltage over a period of time as shomvirig.13.
Storing the output charge during working will make product more effective.

Fig. 9 Test on induction stove
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Voltage Generated Vs Temperature Difference Voltage Generated Vs Time
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Fig. 10 Voltage generated from TEC model vs tempetare Fig. 11 Voltage generated from TEC model vs time
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Fig. 12 Voltage generated from TEC model Vs tempetare

difference after removal of heat Fig. 13 Drop of voltage generated for a time period
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Fig. 15 Voltage generated by TEC model vs time Fig4 Voltage generated by TEC model vs time

Fig. 16 Test on ice slab
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To further increase the scope of thermoelectriceggtor, we employed it at lower temperatures. Stheesetup
works on a temperature gradient, we reduced thepdesture at the cold junction rather than increngime
temperature at the hot junction as done in theiposvtesting. The model was kept on a slab of g£alown in
Fig.16. We recorded the potential difference setsithe temperature of cold side drops and thengiegradient
increases. The results are shown in Fig.14. Asrdecbin the waste heat recovery experiment, we gitstbed the
output potential over a period of time till its niara. The results are shown in Fig.15.

This finds application in cold storages and refragi@n units. Thus, along with heat recovery tlyistem can also be
used for low temperatures. For both experimengsgat an output of 20.5 V from each branch. We tjatsa total
output of 40V for a temperature difference of al2kfC. The results were summarized and are shoviafite -1.
For the above temperature difference, the powezindd was approximately 3.2W across each branch.

Table -1 Results from Experimentation

Operating Parameters Target Voltage| Time to achieve the Target Voltag Temperature Difference
Hot side Cold Side (Volts) ( minutes) (°C)
Hot air Room 20 6.5 26.3
Temp
Room Temp Ice 20 9.5 214
CONCLUSION

From the above series of calculations, resultsgraghical representations, the following conclusiamre inferred:

» Thermoelectric power is a viable option for wastatirecovery systems.

 The prototype channelizes the otherwise wasteddreatyy from household applications such as cooking

» The operation can occur at obtainable temperatffierehces and does not need special care.

» Even for low temperature difference of 20-25°C, theget output of 20V was achieved from each braiitiis
output sufficiently lights up 20 branches of 3 higtensity LEDs.

» Power of 3.2 W can be obtained from a single bramgich is sufficient for low power consumption ajpgptions.

» The output can be enhanced with a larger temperatifiference. This temperature difference can b@ioéd
from other sources as well; for example heatedraokile engine or solar heat.

This particular prototype channelizes waste endrgym our everyday activities. One can think of nigitig the

model into storing and charging itself from heahegmating applications such as motors, enginescaiditioners
and many others. This not only marks the use ofntielel in rural areas but also urban areas whiehhérby

regular power cuts. Additionally, if one extends tpplication of the model to the reverse Seebdwoily also
known as the Peltier Theory, then an addition @ptihn can come to use. According to the Peltieoti, when a
potential difference is provided across the enda bfmetallic strip, a temperature difference e Thus if the
model is provided with electricity, then the coldesof the model can serve as a refrigerating famitstorage of
perishable products. Similarly, the hot side of tind can act as a hot plate for the purpose of eaeration. The
future scope of the unit is thus vast and has gre@ntial if rightly pursued and rigorously folled.
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