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Abstract— Using the Peltier effect for power generation is a
relatively new technology that has been gaining attention in recent
years. Using Peltier chips for power generation in EVs is an
interesting approach that has the potential to provide a renewable
and sustainable source of energy. By using the heat generated by
the car's components during operation, the Peltier chips can
generate electricity, which can be used to charge the battery. This
approach has several benefits, including reducing the reliance on
fossil fuels, improving the efficiency of the vehicle, and reducing
the carbon footprint of the EV. The Peltier effect is a
thermoelectric  phenomenon that converts temperature
differences into electrical energy to generate enough power to
recharge an electric vehicle battery, several Peltier chips can be
connected in series, and a converter can be used to convert the
generated voltage into a sufficient voltage and can charge the
battery. In this paper, an in-depth exploration will be conducted
to evaluate the overall effectiveness and efficiency of Pelter chips,
with a particular focus on simulating the utilization of these chips
through the utilization of Proteus software.

Keywords— Generate electricity, EV, Li-lon Battery, Peltier,
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I. INTRODUCTION

Securing energy for electric cars poses a significant
challenge for manufacturers in the industry. As indicated by a
reliable source, the average electric car consumes around 0.20
kwWh per kilometer [1]. To enhance vehicle efficiency,
manufacturers have two primary options: employing larger
capacity batteries or reducing the engine's energy consumption.
However, opting for larger batteries results in increased car
weight, negatively impacting overall efficiency. On the other
hand, reducing engine consumption can compromise vehicle
torque, necessitating alternative methods to boost efficiency.
According to the same source, electrical transportation in
America accounts for approximately 28 percent of the country's
total electricity consumption. Table 1 provides insights into the
energy distribution among various auxiliary systems. Some

electric cars utilize a secondary battery, which is ideal when the
vehicle is stationary [2]. Conversely, other vehicles power the
subsystems directly from the main battery, leading to energy
losses during the conversion process from high battery voltage
to low voltage. Introducing the implementation of Peltier
technology to charge the secondary battery presents a
promising solution to enhance efficiency. By leveraging the
thermoelectric properties of Peltier devices, the charging
process becomes more efficient, minimizing energy loss and
maximizing the overall performance of the secondary battery
system [3]. This approach can contribute significantly to the
optimization of energy utilization in electric vehicles,
addressing the challenges associated with securing energy and
improving the overall efficiency of the vehicle.

TABLEI
ENERGY CONSUMPTION OF SOME AUXILIARY SYSTEMS

Auxiliary Climate Power Braking Other
systems control steering system (lights,
media,
etc.)

Part of Heating: Upto5% Upto5% Cooling:
traction up to 35% up to 30%
battery

energy %

According to source [4], one of the major challenges that
electric car manufacturers face is ensuring an adequate energy
supply for the vehicles. In order to address this issue effectively,
employing a method to generate energy proves highly
beneficial. Generating a substantial amount of energy would
allow for a reduction in battery size, thereby reducing the car's
weight and creating more free space within it. Thus, it becomes
imperative to explore practical approaches that can minimize
the electric car's dependence on external energy sources by
utilizing the car's components to generate electricity, covering
a portion of the vehicle's power requirements. Several studies
have examined the potential of Peltier technology in generating
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electricity by harnessing heat loss from the engine and exhaust
of the vehicle. In their research, [5] [insert study names or
authors] delved into the generation of electricity using Peltier
modules and explored the use of thermoelectric elements to
improve thermal comfort in automobiles. Additionally, studies
have focused on the potency of thermoelectric generators for
hybrid vehicles, the development [6] of heat extraction systems
for automobile applications using Peltier devices, and the
utilization of Peltier effects for creating cooling and heating
devices for car seats. Furthermore, research has also examined
thermoelectric air cooling for cars, optimal design of
thermoelectric cooling/heating systems for car seat climate
control, and the analysis of cool air ventilated seat covers. In
our study, we aim to investigate the possibility and
effectiveness of utilizing Peltier technology for electric cars.
Transistors within electric cars dissipate a significant amount
of energy in the form of heat. Since electric cars incorporate a
large number of transistors, we can leverage the temperature
rise of these components to generate power. By employing 40
Peltier pieces, we can obtain approximately 60 watts per hour,
which corresponds to around 1.8% of the battery capacity of a
Nissan Leaf [7].

This research aims to explore the potential of Peltier technology
as a viable solution for energy generation in electric cars,
tapping into the heat dissipation of transistors to enhance
overall energy efficiency.

Il. MATERIAL AND METHOD

We shall explore the utilization of thermoelectric devices
(specifically  Peltier devices) for power generation.
Thermoelectric devices, being solid-state semiconductor
components, have the ability to convert voltage input into a
temperature difference. This temperature difference can be
harnessed for cooling or heating purposes [8]. Conversely,
when a temperature difference is applied to the device, it
exhibits the capability to generate direct current (DC) powver.
Fig. 1 shows the internal structure of the Peltier chip [9].
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Fig. 1 Peltier chip

A. The TELBP1-12656-0.45 Peltier chip

The TELBP1-12656-0.45 Peltier chip stands as an
exceptional thermoelectric component. With its advanced
design and specifications, this Peltier chip demonstrates
remarkable efficiency in converting temperature differentials
into electrical power [10]. Its cutting-edge technology and
superior materials enable efficient energy generation, making it
an ideal choice for various applications that require reliable and
sustainable power solutions.

B. Peltier devices operating mode

Peltier devices operate in three different modes: cooling
mode, heating mode, and power generation mode. Each mode
serves a specific purpose and utilizes the unique thermoelectric
properties of Peltier devices.

1-Cooling Mode: In cooling mode, a Peltier device functions
as a solid-state refrigerator. When a direct current (DC) is
passed through the device, it creates a temperature difference
across the two junctions of the device. One junction becomes
cold while the other junction becomes hot. This temperature
differential allows the Peltier device to absorb heat from one
side and transfer it to the other side, resulting in cooling at the
cold junction. Cooling mode is commonly used in applications
such as electronic cooling, thermal management of components,
and refrigeration [11].

2-Heating Mode: In heating mode, the polarity of the current
passing through the Peltier device is reversed compared to
cooling mode. As a result, the temperature difference across the
junctions is reversed as well. The side that was previously the
cold junction now becomes the hot junction, and vice versa.
This mode is used when heat needs to be generated, such as in
applications like heating systems, incubators, or maintaining
specific temperature conditions.

3-Power Generation Mode: Peltier devices also possess the
ability to generate electrical power when subjected to a
temperature gradient. This mode is known as power generation
mode or the Seebeck effect. When a temperature difference is
applied across the junctions of the Peltier device, it induces an
electric current. This phenomenon allows the Peltier device to
convert waste heat into usable electrical power [12]. Power
generation mode has potential applications in energy harvesting,
waste heat recovery, and portable power generation.

I11. PELTIER APPLAYMENT IN EV

Within this chapter, our focus will be on delving into the
method of utilizing peltries in the context of electric cars and
examining its practical application. It is noteworthy that electric
vehicles comprise certain components that undergo substantial
heating during their operational processes. Specifically, IGBT
transistors are known to experience significant heat generation.
To counteract this, manufacturers have implemented a radiator
system that employs water for cooling purposes, as illustrated
[13]. Expanding on the concept further, the integration of
peltier devices onto these heat-intensive elements offers a
unique opportunity. By capitalizing on the principles of the
Seebeck effect, peltier devices can effectively convert thermal
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energy into electrical energy. This enables the utilization of the
otherwise wasted heat to generate electric power through the
implementation of peltier chips. The efficacy of employing
Peltier Modules in electric cars becomes particularly evident
when considering the extensive utilization of IGBT transistors
within these vehicles. Whether incorporated in the inverter,
converter, or battery management system (BMS), electric cars
employ a substantial number of these transistors. Consequently,
the integration of Peltier Modules emerges as a remarkably
effective means of harnessing the thermal energy produced by

these components and converting it into usable electrical power.

Thus, through the strategic incorporation of peltier devices onto
the heat-emitting elements of electric vehicles, such as IGBT
transistors shown in Figure 2, it is possible to optimize the
overall energy efficiency of these cars[14]. By effectively
converting thermal energy into electrical energy, electric
vehicles can not only enhance their performance but also make
use of previously wasted energy, thus contributing to a more
sustainable and efficient transportation system. Within electric
vehicles, a notable abundance of lithium-ion batteries is
employed, serving as the fundamental energy storage solution.

Fig. 2 The power boards in the EV inverter

A. Charging Circuit

To ensure efficient charging of the battery, it is essential that
the voltage generated by the peltiers is not only sufficient but
also compatible with the battery's specific charging
requirements. Consequently, the utilization of a DC-DC
Converter becomes imperative in order to convert the voltage
produced by the peltiers into a suitable charging voltage that
can effectively replenish the battery's energy reserves. Given
that the primary source of energy generation in this context is
the peltier device, it is crucial to employ a converter equipped
with a feedback mechanism. This feedback feature is vital
because the input voltage, which is the power generated by the
peltiers, exhibits variability depending on the prevailing
temperature conditions. By incorporating a feedback loop, the
converter can dynamically adjust and regulate the output
voltage to accommodate these fluctuations, thereby ensuring a
stable and reliable charging process for the battery. Visualizing

the overall system, presents a comprehensive diagram that
illustrates the interconnections and components involved in the
process of charging the battery using peltiers. This visual
representation provides a clear understanding of how the
various elements integrate harmoniously to facilitate the
efficient transfer and conversion of energy, ultimately leading
to the successful charging of the battery. Figure 3.
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Fig. 3 Diagram of Battery charging by peltiers

IV. RESULTS

The quantity of energy generated relies on the presence of
elements prone to overheating during operation. As the number
of these elements increases, the opportunity to utilize more
Peltier modules arises. Additionally, the magnitude of heat
emitted by these elements plays a crucial role, especially
considering that batteries in electric vehicles tend to experience
elevated temperatures, presenting an avenue for electric energy
generation [15]. For instance, the average temperature of an
IGBT, ranging from 40 to 160A, reaches approximately 160°C
[16]. At this temperature, a Peltier device can effectively
generate electrical energy, leveraging a heat difference of
around 125°C between its two sides [17]. When an aluminum
heatsink is employed, the Peltier module's output power is
estimated to be around 3.5 watts. However, maintaining a
significant temperature difference between the two faces of the
Peltier module remains challenging due to its thin thickness
[18]. To address this challenge, an aluminum heatsink can be
utilized, and the airflow generated during driving can be
harnessed to cool the heat exchanger. While fans can be
employed for cooling, it is important to consider their electrical
energy consumption, necessitating a pilot study to assess their
efficiency. Figure 6 showcases the relationship between the
increased power generated by the Peltier module and the rising
temperature [19]. For instance, at a temperature of 50°C, the
Peltier module generates approximately 3.5 watts (according to
the data sheet of TELBP1-12656-0.45). By employing a
substantial number of Peltier modules, a relatively effective
amount of energy can be obtained. For instance, when 120
Peltier modules are connected in series, the total energy

118



International Conference on Advanced Technologies (ICAT’23)

generated would be 420 watts (3.5 x 120). Alternatively, if
radiator water is utilized to cool the transistors, reducing the
temperature to around 30°C, each Peltier module would
generate approximately 4.5 watts. Consequently, the total
energy generated by 120 Peltier modules would be 540 watts
(4.5 x 120).

Figure 4and Figure5 show the amount of energy produced
from Peltier chipsets per day and year. The Power Supply
Based on Peltier showcased in proves to be a cost-effective
solution, resulting in significant savings.

Energy generation per day(KWH)

day 1 day 2 day 3 day 4

s A luminum heatsink water cooling(radiator)

Fig. 4 The amount of energy produced per day

Energay generation per year(KWH)
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Fig. 5 The amount of energy produced per year

As stated in Table 2, considering that a single Peltier module
is priced at $4, the expenditure for 120 modules sums up to
$480. Additionally, incorporating a 200 W DC-DC converter
with feedback adds an approximate cost of $50 to the project.
Thus, the total outlay for the entire endeavor is estimated to be
around $530. Serves as a comprehensive reference, illustrating
the substantial monetary benefits that can be attained through
the utilization of Peltier chips for power production. A careful
analysis of the Table 2 data reveals that the investment made in
the Peltier chip system can be recovered within a remarkably
short span of three and a half years.

TABLE Il
THE AMOUNT OF MONEY SAVED WHEN USE POWER SUPPLY BASED ON
PELTIER
Year 1 2 3 4 5
The amount of money
saved when using an 455 300 450 600 750
aluminum cooler($)
The amount of money
saved when using the ;g5 390 585 780 975

radiator($)

By opting for the Power Supply Based on Peltier and
capitalizing on the cost-efficient properties of the technology,
users can not only enjoy the advantages of energy generation
but also witness their initial financial outlay gradually
compensated over time. Such findings further highlight the
viability and potential long-term benefits associated with
incorporating Peltier chips into power supply systems.

V. CONCLUSION

We can deduce that incorporating peltier chips into electric
cars results in favorable efficiency. By utilizing approximately
120 units of peltier chips, we can achieve an output of around
400 watts. This energy output proves to be effective and holds
the potential to positively impact the advancement of electric
car manufacturing. Consequently, implementing peltier chips
can lead to increased driving range for vehicles or provide
additional free space by reducing the size and weight of the
battery. However, this concept is still in its nascent stage and
requires further investigation to determine the extent of its
effectiveness in electric cars and the amount of energy each
vehicle can generate based on its specific model. It is thought
that this study will make a great contribution to future studies.

REFERENCES

[1] B. Kampman, C. Leguijt, D. Bennink, L.Wielders, X. Rijkee, A. De
Buck, & W. Braat, Green Power for Electric Cars, Development of
policy recommendations to harvest the potential of electric vehicles, Jan
15, 2010,4, P.66, CE-10-4037-11, Chapter.

OSTI 1D:21360771

[2] 1. Evtimov, R. Ivanov, M. Sapundjiev, Energy consumption of auxiliary
systems of electric cars, In MATEC web of conferences, 2017,Vol. 133,
p. 06002.

https://doi.org/10.1051/matecconf/201713306002

[3] M. Ratner & C. Glover, U.S. Energy Overview And Key Statistics,
2014, Vol. 40187, p. 27. Washington, DC: Congressional Research
Service.

[4] A. Dinger , R. Martin, M. Russoinch, Batteries For Electriv Cars :
Challenges , Opportunities And The Outlook To 2020, 1. Chapter, pp.1-
14, Online available: (13.07.2023)
https://gerpisa.org/en/system/files/file36615.pdf

[5] M. H. Harun, M. W. N. Azmi, M. S. M. Aras, U. A. A. Azlan, A. H.
Azahar, K. M. M. Annuar, & A. F. Z. Abidin, A Study on the Potential
of Peltier in Generating Electricity Using Heat Loss at Engine and
Exhaust VVehicle, Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences, 2018, 49(1), 77-84.
ISSN:2289-7978.

119


https://doi.org/10.1051/matecconf/201713306002
https://gerpisa.org/en/system/files/file36615.pdf

International Conference on Advanced Technologies (ICAT’23)

(6]

[71

(8]

[0

[10]

[11]

[12]

N. Sugiarthal & IPS Putu Negara2, The Potential Of Thermoelectric
Generator For Engine Exhaust Heat Recovery Applications,
International Journal Of Geomate, Vol.15, Issue 49, pp. 1 - 8,2018.
https://doi.org/10.21660/2018.49. ijcst10

S. Renge, Y. Barhaiya, S. Pant & S. Sharma, UG Scholar, A Review On
Generation Of Electricity Using Peltier Module-International Journal Of
Engineering Research & Technology, 01, January-2017, VVol. 6 Issue.
ISSN: 2278-0181.

K. A. Wang, A. H. Bahk, B. Kimaand & W. Kim, Thermoelectric
Materials And Devices , 2015,4. Chapter.

http://doi: 10.4032/9789814463539

S. Renge, Y. Barhaiya, S. Pant, S. Sharma, A review on generation of
electricity using Peltier module. International Journal of Engineering
Research & Technology (IJERT), 6, 1, 2017, pp. 453-457.
Thermoelectric generator, Sep. 6, 2017.¢
https://www.slideshare.net/geethusarajohns/thermoelectric-generator-
79480283

R. J. Birchall, R. K. Irwin, P. C. Nikolaou, M. C Aaron, B. E. Kidd, M.
Murphy, M. Molway, L B. Bales , K. Ranta, M. J. Barlow, B. M.
Goodson, M. S. Rosen, E. Y. Chekmenev, XeUS: A second-generation
automated open-source batch-mode clinical-scale hyperpolarizer,
Journal of Magnetic Resonance,Volume 319, October 2020, 106813.
https://doi.org/10.1016/j.jmr.2020.106813

H. Fujita , A. Itoh & Tohru Urano, Developed Motor Cooling Method
Using Refrigerant, (2019), 4, pp.473-486, DOI:
10.3390/wevj10020038 ,2.chapter.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

120

https://doi.org/10.3390/wevj10020038

M. A. Laughton, D. J. Warne Electrical Engineer's Reference Book,
pp.66-80. Online available: (13.07.2023),
https://web.itu.edu.tr/~duzgunb/reference8.pdf

S. Renge, Y. Barhaiya, S. Pant, S. Sharma, A review on generation of
electricity using Peltier modiile, Int. J. Eng. Res, 2017, 6(01), 453-457.
ISSN: 2278-0181.

L. Calearo, A. Thingvad & M. Merinelli, Modeling of Battery Electric
Vehicles for Degradation Studies, Article number8893474.
October.2019, 3, Chapter.

http://doi:10.1109/UPEC.2019.8893474

V. R. Collaborator: Di Persio ,Standards for the performance and
durability assessment of electric vehicle batterie’s, 2018,4.2. Chapter.
http://doi:10.2760/24743

N. Baker, L. Dupont, S. Munk-Nielsen, F. lannuzzo, M. Liserre, IR
camera validation of IGBT junction temperature measurement via peak
gate current. IEEE Transactions on Power Electronics, 32, 4, 2016, pp.
3099-3111.

https://doi.org/10.1109/TPEL.2016.2573761

Al-Rubaye, A., Al-Farhany, K. & Al-Chlaihawi, Performance of a
portable thermoelectric water cooling system, International Journal of
Mechanical Engineering and Technology, 9.8, 2018, pp.277-285.

S. Lineykin, S. Ben-Yaakov, Analysis of Thermoelectric Coolers by a
Spice-Compatible Equivalent-Circuit Model, IEEE Power Electronics
Letters, 3, 2, June 2005, pp.63-66

https://doi.org/10.1109/LPEL .2005.846822



https://doi.org/10.21660/2018.49.%20ijcst10
https://www.slideshare.net/geethusarajohns/thermoelectric-generator-79480283
https://www.slideshare.net/geethusarajohns/thermoelectric-generator-79480283
https://doi.org/10.1016/j.jmr.2020.106813
https://doi.org/10.3390/wevj10020038
https://web.itu.edu.tr/~duzgunb/reference8.pdf
http://doi:10.1109/UPEC
https://doi.org/10.1109/TPEL.2016.2573761
https://doi.org/10.1109/LPEL.2005.846822

