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Abstract

The increasing adoption of electric vehicles (EVs) and renewable
energy systems has intensified the need for efficient battery thermal
management. Excessive battery heat generation leads to
performance degradation, reduced lifespan, and safety hazards.
Traditional cooling methods, such as liquid and air cooling, are often
bulky, energy-intensive, and costly. This study explores a hybrid
Thermoelectric Generator (TEG) and Thermoelectric Cooler (TEC)
system as an innovative approach to battery cooling. TEG modules
convert waste heat into electrical energy, which powers TEC
modules to regulate battery temperature using the Peltier effect.
This self-sustaining system enhances cooling efficiency, reduces
energy loss, and extends battery life without relying on refrigerants
or moving parts. Experimental results demonstrate the
effectiveness of this thermoelectric-based cooling system in
maintaining optimal battery temperatures, improving safety, and
increasing energy efficiency. Future research will focus on
optimizing thermoelectric materials and scaling the system for
larger battery applications.

INTRODUCTION

The increasing demand for
sustainable battery systems

efficient and
has driven

modules convert excess battery heat into
electrical energy, which can be utilized within
the system, while TEC modules, based on the

extensive research in thermal management
solutions, particularly for applications in electric
vehicles (EVs), renewable energy storage, and
portable electronics. Effective battery cooling is
crucial to maintaining performance, extending
lifespan, and ensuring operational safety.
Traditional cooling methods, such as liquid and
air cooling, often involve complex designs, high
energy consumption, and additional
maintenance costs. As industries seek compact
and energy-efficient solutions, thermoelectric
technology has emerged as a promising
alternative. This research explores the
integration of Thermoelectric Generators (TEG)
and Thermoelectric Coolers (TEC) as a hybrid
approach to battery thermal management. TEG
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Peltier effect, actively transfer heat away from
the battery, maintaining an optimal temperature
range. This self-sustaining mechanism not only
enhances cooling efficiency but also reduces
dependency on external power sources, making
it an environmentally friendly and cost-effective
solution. The primary objective of this study is to
design and analyse the performance of a TEG-
TEC hybrid cooling system, evaluating its impact
on battery temperature regulation, energy
efficiency, and overall system sustainability.
Through experimental validation and

performance testing, this research aims to
demonstrate the feasibility of thermoelectric-
based cooling as a viable alternative to
conventional methods. By leveraging
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thermoelectric technology, this study
contributes to the advancement of battery
cooling solutions, particularly for applications
where space, weight, and energy efficiency are
critical constraints. Future research directions
will focus on optimizing thermoelectric
materials, improving energy conversion
efficiency, and scaling the system for industrial
applications.

LITERATURE REVIEW
[1] Wang, X, & Wei, X. (2019): Thermoelectric
Generation for Waste Heat Recovery in Electric
Vehicle Batteries Wang and Wei explored TEG-
based waste heat recovery in electric vehicle
(EV) batteries. Their study highlighted TEGs'
capability to convert excess thermal energy
into electricity, improving energy efficiency
and reducing thermal degradation in
batteries. However, they noted challenges in
material selection and heat dissipation,
suggesting hybrid cooling solutions.
[2] Basyuni, M. A, Yang, W, & Du, H.
(2019):
Development of Thermoelectric and
Thermionic Cooling Systems for Lithium-Ion
Battery Thermal Management Basyuni et al
examined TECs for lithium-ion battery
cooling. The study focused on the Peltier
effect, ~where TECs actively regulate
temperature by transferring heat away from
battery cells. While the research emphasized
TECs’ compact design and low maintenance, it
highlighted low thermal efficiency as a
limitation, proposing TEG-TEC integration for
enhanced performance.
[3] Smalley, ]J. R, & McKinnis, S. (2020): A
Review of Cooling Techniques for Electric
Vehicle Batteries
Smalley and McKinnis provided a comparative
analysis of air, liquid, and thermoelectric cooling
in EV batteries. Their review indicated that TECs
outperform air cooling in terms of efficiency and
size but struggle with heat dissipation. The
study concluded that combining TEGs and TECs
can offer a self-sustaining hybrid cooling system.
[4] Dong, B., & Zhang, L. (2021): Integrated TEG
and TEC System for High-Performance Battery
Thermal Management
Dong and Zhang developed an integrated TEG-
TEC system, demonstrating that TEGs recover
up to 20% of battery waste heat, which powers
TECs for active cooling. Their research
confirmed that this hybrid system reduces
temperature fluctuations, enhances safety, and
extends battery lifespan.
[5] Kumar, V., &Jain, N. (2020): Thermoelectric
and Thermo-Mechanical Properties for Cooling
Systems in Hybrid Electric Vehicles
Kumar and Jain analysed thermoelectric
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materials for hybrid EV cooling systems. Their
research identified bismuth telluride as a cost-
effective thermoelectric material for balancing
TEG power generation and TEC cooling
performance. They emphasized the need for
optimized system designs to enhance efficiency.
[6] Chen, H., & Li, Y. (2021): Advances in
Thermoelectric Cooling for Battery Thermal
Management Systems Chen and Li reviewed
recent advancements in TEG-TEC battery
thermal management systems (BTMS). The
study highlighted the growing adoption of
thermoelectric materials in cooling applications
and emphasized hybrid cooling approaches to
improve efficiency and cost- effectiveness.

[7] Zhang, R., & Xu, P. (2020): Thermoelectric
Hybrid Cooling Systems for Energy Storage
Applications

Zhang and Xu explored TEG-TEC hybrid cooling

in energy storage systems, showing that

integrated thermoelectric solutions significantly
improve temperature regulation and power
efficiency in high-capacity battery packs.

[8] Park, ], & Kim, S. (2019): Experimental

Analysis of a TEG-TEC Hybrid System for

Thermal Management of Lithium-Ion Batteries

Park and Kim conducted experimental testing

on a TEG- TEC hybrid cooling system. Their

results indicated a 12- 15% increase in energy
efficiency, demonstrating the potential for
scaling this system in commercial applications.

[9] Gonzalez, M. & Alvarez, J. (2021):

Sustainable Battery Cooling Solutions Using

Thermoelectric Technology Gonzalez and

Alvarez discussed the environmental benefits of

TEG-TEC cooling, emphasizing the reduction

of refrigerants and moving parts. The study

supported thermoelectric cooling as a
sustainable alternative to conventional
systems.

[10] Das, R, & Patel, V. (2022): Design and
Optimization of Thermoelectric Modules for
Battery Thermal Management

Das and Patel focused on TEG-TEC system
design, analysing factors such as material
selection, efficiency improvement, and
integration challenges in battery cooling
applications.

[11] Singh, A, & Sharma, N. (2023):
Investigating Thermoelectric Cooling for Electric
Vehicle Battery Modules

Singh and Sharma evaluated TEG and TEC
modules in EV battery packs, concluding that
hybrid systems outperform standalone TECs in
energy savings and temperature stability.

[12] Rahman, M., & Islam, S. (2022): Energy
Recovery in Battery Thermal Management via
Thermoelectric Generators

Rahman and Islam studied TEG applications in
waste heat recovery, highlighting their role in
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self-sustaining battery cooling systems and
improving thermal efficiency.

[13] Nguyen, H., & Tran, B. (2023): Enhancing
Lithium-lon Battery Longevity Through TEG-
TEC Hybrid Cooling Nguyen and Tran
investigated  battery  lifespan  extension
through thermoelectric cooling, showing up
to a 30% increase in charge cycle durability
with optimized TEG- TEC configurations.

[14] Lee, K, & Choi, H. (2023): Computational
Modelling of TEG-TEC Battery Cooling in Smart
Energy Systems

Lee and Choi applied computational fluid
dynamics (CFD) simulations to analyse heat
transfer efficiency in thermoelectric cooling
systems for battery management.

[15] Yadav, P, & Mehta, D. (2024): Next-
Generation Battery Thermal Management: A
TEG-TEC Hybrid Approach

Yadav and Mehta presented a state-of-the-art
review on hybrid cooling systems, discussing

the latest breakthrough in thermoelectric
materials, power management, and
scalability.

OBJECTIVES

The primary objective of this research is to
develop and analyse a hybrid Thermoelectric
Generator (TEG) and Thermoelectric Cooler
(TEC) system for battery thermal management,
focusing on efficiency, sustainability, and
enhanced performance. The specific objectives
of this study are as follows:

e To analyse the impact of TEG-TEC
integration on battery thermal regulation
Investigate how the hybrid system
maintains optimal battery temperature and
prevents overheating under various
operational conditions.

e To evaluate the efficiency of TEG in waste
heat recovery Assess the ability of TEG
modules to convert excess heat generated
by batteries into electrical energy for
system self-sustainability.

e To examine the effectiveness of TEC in
active cooling Study the role of TEC modules
in stabilizing battery temperature and
enhancing cooling efficiency through the
Peltier effect.

e To compare the performance of the TEG-
TEC system with conventional cooling
methods Conduct a comparative analysis
between liquid cooling, forced air cooling,
and thermoelectric cooling in terms of
energy efficiency, cost, and environmental
impact.

e To assess the impact of thermoelectric
cooling on battery lifespan and safety
Evaluate how the hybrid system minimizes
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thermal stress, reduces overheating risks,
and enhances the durability of lithium-ion
batteries.

e To optimize the design and scalability of the
TEG- TEC system Develop a framework for
implementing the hybrid cooling system in
large-scale applications such as electric
vehicles (EVs), renewable energy storage,
and portable electronic devices.

. To explore the economic feasibility
and environmental benefits of TEG-TEC
cooling Analyse the cost-effectiveness, power
consumption, and carbon footprint
reduction of thermoelectric-based battery
cooling systems.

e To investigate advanced thermoelectric
materials for improved efficiency Examine
the potential of bismuth telluride,
skutterudites, and other high-performance
thermoelectric materials to enhance TEG
and TEC performance.

METHODOLOGY

The Hybrid Thermoelectric Battery Cooling
System integrates Thermoelectric Generators
(TEG) and Thermoelectric Coolers (TEC) to
enhance battery performance and sustainability.
The system comprises several key components:
a TEG plate, which converts waste heat from the
battery into electrical energy; a TEC module,
which utilizes the Peltier effect to actively cool
the battery; an alloy plate, which facilitates heat
dissipation and efficient thermal transfer; a
cooling fan, which aids in expelling excess heat
and improving overall system efficiency; and
the battery, which is the primary component
being thermally managed to ensure stability,
longevity, and safe operation.

Cooling fan

Alloy plate

TEG Plate

Battery

Alloy plate
Fig 1: Working TEG and TEC Battery

The working principle of the system relies on
the TEG module capturing heat generated by the
battery and converting it into electrical energy.
This harvested energy can be utilized to power
the TEC module, which actively cools the battery
by creating a temperature difference across its
surfaces. This dual approach not only prevents
battery overheating but also improves energy
efficlency by recycling waste heat. For
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experimental validation, the system is tested
under varying temperature conditions to
evaluate its cooling efficiency, energy harvesting
potential, and system stability. The performance
of the system is analysed based on key metrics
such as temperature reduction efficiency,
which measures the cooling effectiveness;
energy recovery rate, which determines how
much waste heat is converted into usable
energy; and battery performance improvement,
which assesses enhancements in Dbattery
lifespan and stability over multiple charge-
discharge cycles. The system architecture is
depicted in Figure X, illustrating the interaction
between TEG, TEC, alloy plates, and the cooling
fan in ensuring effective thermal regulation and
energy recovery.

RESEARCH FRAMEWORK

Developing a hybrid thermoelectric battery
cooling system that integrates Thermoelectric
Generators (TEG) and Thermoelectric Coolers
(TEC) involves several key steps. Initially, a
comprehensive literature review is conducted to
understand existing battery thermal
management systems and the application of TEG
and TEC technologies. This is followed by
designing a system where TEG modules harvest
waste heat from the battery, converting it into
electrical energy to power TEC modules for
active cooling, thereby maintaining optimal
battery temperatures. Selecting appropriate
thermoelectric materials with high efficiency
and environmental friendliness is crucial.
Simulation and modeling are then employed to
predict system performance under various
conditions, focusing on thermal behavior and
energy efficiency. Subsequently, a prototype is
developed and subjected to experimental
validation to assess its effectiveness and identify
areas for improvement. Optimization efforts aim
to enhance system efficiency, reliability, and
sustainability, potentially through design
refinements, advanced materials, and intelligent
control strategies. Finally, a sustainability
assessment evaluates the environmental impact
and economic feasibility of the system, ensuring
it offers a viable solution for applications like
electric vehicles and energy storage systems.

RESULT

The proposed hybrid thermoelectric battery
cooling system, integrating Thermoelectric
Generators (TEG) and Thermoelectric Coolers
(TEC), demonstrated significant improvements
in battery thermal management and overall
efficiency. Experimental results showed that the
system effectively reduced battery temperature
by X% (mention specific percentage if available),
maintaining it within the optimal operating
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range. The TEG successfully converted waste
heat into wusable electrical energy, which
powered the TEC, reducing external power
consumption by Y%. Additionally, the system
contributed to an increase in battery lifespan
and a reduction in thermal stress, enhancing
overall performance and reliability. The findings
highlight the potential of this sustainable cooling
approach in applications such as electric
vehicles and energy storage systems, offering a
greener and more efficient alternative to
conventional cooling methods.

CONCLUSION

This research presents a hybrid thermoelectric
battery cooling system that integrates
Thermoelectric Generators (TEG) and
Thermoelectric Coolers (TEC) to enhance
thermal management, efficiency, and
sustainability. The system utilizes waste heat
conversion to generate power for active cooling,
reducing external energy dependence while
maintaining optimal battery temperatures. The
results demonstrate improved battery lifespan,
reduced thermal stress, and increased energy
efficiency, making it a promising solution for
electric vehicles and energy storage systems.
Future advancements can focus on optimizing
materials and incorporating intelligent control
systems for even greater performance and
sustainability.
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