Sustainable Development in 215 Century Through Clean Environment https://www.kdpublications.in
ISBN: 978-81-972400-4-1

4. Enhancing Sustainability in Electric Vehicles: A
Deep Dive into Li-ion Battery Lifespan and Cooling
Techniques

Jalal Jahanpanah

Faculty of Mechanical Engineering,
Semnan University,
Semnan, Iran.

Jalal Aminrezaei Astaneh

Faculty of Basic Science,
Department of Medical Radiation, Qom Branch,
Islamic Azad University, Qom, Iran.

Ebrahim Alinia-Ahanani

Deputy of Food and Drug,
Guilan University of Medical Sciences,
Rasht, Iran.

Jyoti Rajput

Professor in Physics,
School of Mechanical Engineering,
Lovely Professional University,
Jalandhar, Punjab.

Reena Aggarwal

Assistant Professor,
Department of Electronics and Communication Engineering,
Lovely Professional University,
Jalandhar, Punjab.

S. Ravichandran

Professor in Chemistry,
School of Mechanical Engineering,
Lovely Professional University,
Jalandhar, Punjab.

23



Sustainable Development in 21* Century Through Clean Environment

Figure 4.1: Lithium-lon Car
Abstract:

Li- Lithium-ion (Li-ion) batteries have transformed the field of energy storage and have
emerged as the preferred technology for electric vehicles (EVS). Their superior energy
density, extended cycle life, and comparative safety in relation to other battery technologies
render them perfect for energizing. Li ion batteries work on the principle of the movement
of lithium ions from the negative electrode to the positive electrode during discharge, and
back when charging. They are composed of an anode, a cathode, a separator, an electrolyte,
and current collectors.

The choice of materials for these components significantly influences the battery’s
performance, safety, and lifespan(3). In the context of EVs, Li-ion batteries must meet
several critical requirements. They need to have a high energy density to ensure a long
driving range. They must be able to deliver high power for acceleration. They should have
a long lifespan, enduring thousands of charging and discharging cycles without significant
capacity loss. They also need to operate safely and reliably under various conditions, which
is where cooling methods come into play. However, despite their advantages, Li-ion
batteries also pose challenges. They are expensive, have issues with aging, and their
performance can degrade over time. Furthermore, they can pose safety risks if not properly
managed, especially in terms of thermal management. In the upcoming parts, we will
explore these facets in more detail, investigating how we can prolong the life of Li-ion
batteries. We’ll also look at the significance of cooling techniques in this effort and their
cumulative effect on the sustainability of EV technology. This knowledge will lay the
groundwork for future conversations about the sustainable environment and technology in
Li-ion batteries for electric vehicles.
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4.1 Introduction:

In the face of growing environmental concerns and the urgent need to shift towards
sustainable practices, the role of technology has become paramount. The concept of a
sustainable environment revolves around the principle of meeting our present needs without
compromising the ability of future generations to meet their own. It involves a delicate
balance of environmental protection, economic growth, and social equality. In this context,
the technology we choose to adopt plays a significant role. It has the potential to either
exacerbate or alleviate environmental issues.

Therefore, it is crucial to develop and implement technologies that are not only efficient and
cost-effective but also environmentally friendly(1, 16). We also must care all rules related
to environmental aspects which drives as well and it would make it more efficient. In this
area, we must mention mostly on some standard tips like the heavy metal’s permissible
amounts or the time of being resolved or being leached which completely relates to our
future plans (16 -20). One such technology that has gained considerable attention in recent
years is the Lithium-ion (Li-ion) battery, particularly in the realm of electric vehicles (EVs).
EVs, powered by Li-ion batteries, have emerged as a promising solution to reduce
greenhouse gas emissions and our dependence on fossil fuels. However, the sustainability
of these batteries is a complex issue that extends beyond just their ability to power electric
vehicles. The lifespan of Li-ion batteries, their efficiency, and the methods used to keep
them cool during operation are all factors that significantly impact their overall
sustainability. By extending the lifespan of these batteries and optimizing their cooling
methods, we can enhance their performance, reduce waste, and make EV technology more
sustainable(2). This chapter aims to delve into these aspects, providing a comprehensive
understanding of the sustainable environment and technology in Li-ion batteries for electric
vehicles (Figure 4.1). We will explore techniques to extend their lifespan, discuss various
cooling methods, and examine their effects on battery performance and sustainability(3,20).

4.2 The Importance of Battery Lifespan in Sustainability:

The durability of a battery, especially when used in electric vehicles (EVS), is a key
determinant of its overall eco-friendliness. An extended durability implies that the battery
can fuel the EV for a greater number of years, thereby decreasing the necessity for regular
replacements. This not only reduces the total ownership cost of the EV, but it also lessens
the environmental footprint linked to the manufacturing and disposal of batteries.(7)

Producing Li-ion batteries is an energy-intensive process that involves the extraction and
processing of various raw materials, some of which are scarce and have significant
environmental impacts. Therefore, extending the lifespan of these batteries can help reduce
the demand for these resources and mitigate the environmental harm caused by their
extraction and processing(6). Furthermore, batteries turn into waste that requires handling
at the end of their lifecycle. Although recycling methods for Li-ion batteries are advancing,
they are not yet universally adopted or completely efficient. A considerable amount of used
Li-ion batteries presently finds their way into landfills, where they can present
environmental risks. By prolonging the longevity of Li-ion batteries, we can postpone their
introduction into the waste cycle(8).
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However, extending the lifespan of Li-ion batteries is not a straightforward task. It involves
understanding and mitigating various factors that contribute to battery degradation, such as
temperature extremes, overcharging, and deep discharging. This is where cooling methods
come into play, as they can help maintain optimal operating conditions for the battery,
thereby enhancing its lifespan(9).

4.3 Techniques for Extending the Lifespan of Li-ion Batteries:

Extending the lifespan of Li-ion batteries is a multifaceted challenge that requires a
comprehensive approach. It involves optimizing the design and operation of the battery, as
well as implementing effective management strategies.

A crucial element influencing the longevity of Li-ion batteries is the selection of materials
for the anode, cathode, and electrolyte. Various materials exhibit diverse capacities, energy
densities, and rates of degradation. Hence, choosing appropriate materials can notably boost
the battery’s lifespan.(10)

Another important aspect is the battery’s operating conditions. Li-ion batteries are sensitive
to temperature extremes, overcharging, and deep discharging, all of which can accelerate
degradation. Implementing strategies to avoid these conditions, such as thermal
management systems and intelligent charging algorithms, can help prolong the battery’s
life(2).

Battery management systems (BMS) also play a crucial role in extending the lifespan of Li-
ion batteries. A BMS monitors and controls the battery’s operation, ensuring it operates
within safe and optimal parameters. It can protect the battery from overcharging and deep
discharging, balance the charge among cells, and provide thermal management, among
other functions.

In addition to these techniques, ongoing research is exploring more advanced strategies for
extending the lifespan of Li-ion batteries. These include the use of nanotechnology to
improve electrode materials, the development of solid-state batteries, and the application of
artificial intelligence for predictive maintenance and optimization(5).

In the subsequent parts, we will probe further into these methods and examine their
application in improving the sustainability of Li-ion batteries for electric vehicles. We will
also delve into the significance of cooling techniques in prolonging the battery’s life and
their cumulative effect on the sustainability of EV technology.(6).

4.4 The Role of Cooling in Battery Lifespan Extension:

Cooling plays a pivotal role in extending the lifespan of Li-ion batteries, particularly in the
context of electric vehicles (EVS). Li-ion batteries generate heat during operation, especially
during charging and discharging. If this heat is not effectively managed, it can lead to
thermal runaway, a condition where the battery’s temperature rapidly increases, leading to
catastrophic failure. Moreover, operating at high temperatures can accelerate the
degradation of the battery’s materials, reducing its capacity and thereby its lifespan.
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Therefore, effective cooling is essential to maintain the battery’s temperature within an
optimal range, ensuring its safe operation and prolonging its life(6). There exist multiple
techniques for cooling Li-ion batteries, each possessing its unique benefits and drawbacks.
These encompass air cooling, liquid cooling, and phase change material cooling, to name a
few. The selection of a cooling technique is contingent on several aspects, such as the
battery's structure, the operating conditions of the vehicle, and the particular demands of the
application (11).

Cooling serves multiple purposes beyond just averting thermal runaway and decelerating
degradation. It can boost the battery’s functionality, augment its efficiency, and bolster the
dependability of the Electric Vehicle (EV). Moreover, efficient cooling can facilitate
quicker charging, given that heat production is a key constraint in the charging velocity of
Li-ion batteries (12).

In the ensuing sections, we will delve into an in-depth examination of various cooling
techniques, elucidating their underlying principles, merits, demerits, and their influence on
the longevity of Li-ion batteries. This comprehension will lay the groundwork for future
dialogues on sustainable environment and technology in the context of Li-ion batteries for
electric vehicles (13).

4.5 Understanding Different Cooling Methods for Li-ion Batteries:

Cooling is a critical aspect of managing Li-ion batteries, particularly in electric vehicles
(EVs). Effective cooling ensures that the battery operates within its optimal temperature
range, thereby enhancing its performance, safety, and lifespan. There are several methods
of cooling Li-ion batteries, each with its own set of advantages and disadvantages.

e Air Cooling: This is the simplest and most common method of cooling. It involves
circulating air around the battery to dissipate heat. While air cooling is cost-effective
and easy to implement, it may not be sufficient for high-power applications due to air’s
relatively low thermal conductivity.

e Liquid Cooling: This method involves circulating a liquid coolant around the battery.
Liquid cooling is more effective than air cooling due to the higher thermal conductivity
of liquids. However, it is more complex and expensive to implement and may increase
the weight of the EV.

e Phase Change Material (PCM) Cooling: PCM cooling involves using materials that
absorb and release thermal energy during the process of melting and solidification.
PCM cooling can provide uniform temperature distribution and prevent thermal
runaway. However, it can be challenging to implement due to the need to manage the
phase change process.

e Other Cooling Methods: There are also other, less common methods of cooling, such
as thermoelectric cooling, which uses the Peltier effect to create a heat flux, and
immersion cooling, which involves immersing the battery in a dielectric liquid(13).

Each of these cooling methods has its own set of considerations, including effectiveness,
cost, complexity, weight, and impact on the battery’s performance and lifespan. Therefore,
choosing the right cooling method requires a careful evaluation of these factors.
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In the subsequent sections, we will probe further into these cooling techniques, examining
their underlying concepts, benefits, drawbacks, and their influence on the durability and
eco-friendliness of Li-ion batteries in electric vehicles.(6).

4.6 Air Cooling: Pros, Cons, and Impact on Battery Lifespan:

Air cooling is one of the most straightforward and commonly used methods for managing
the temperature of Li-ion batteries in electric vehicles (EVs). It involves circulating air
around the battery pack to carry away the heat generated during operation.

Pros of Air Cooling: Air cooling systems are relatively simple and inexpensive to
implement. They do not require complex plumbing or pumps, which can add to the cost and
weight of the vehicle. Additionally, air is readily available and does not pose any risks of
leaks or spills, unlike liquid coolants.

Cons of Air Cooling: Despite its simplicity, air cooling has its limitations. Air has a lower
thermal conductivity compared to liquids, which means it is less effective at transferring
heat away from the battery. This can be a challenge in high-power applications where the
battery generates a significant amount of heat. Furthermore, air cooling may not provide
uniform cooling across the battery pack, leading to hotspots that can accelerate degradation
and reduce the battery’s lifespan.

Impact on Battery Lifespan: The effectiveness of air cooling in managing the battery’s
temperature directly impacts its lifespan. If the battery operates at high temperatures for
extended periods, it can accelerate the degradation of the battery’s materials, leading to a
reduction in capacity and a shorter lifespan. Therefore, while air cooling can be sufficient
for low-power applications, it may not be adequate for high-power EVs or in conditions of
extreme heat.

In the upcoming sections, we will investigate alternative cooling strategies, like liquid
cooling and phase change material cooling, and evaluate their efficiency and influence on
the longevity of Li-ion batteries. This insight will offer a holistic perspective on the
significance of cooling in improving the sustainability of Li-ion batteries in electric
vehicles.(9).

4.7 Liquid Cooling: Pros, Cons, and Impact on Battery Lifespan:

Liquid cooling is a more advanced method of managing the temperature of Li-ion batteries
in electric vehicles (EVS). It involves circulating a liquid coolant, such as water or a glycol
mixture, around the battery pack to absorb and carry away the heat generated during
operation.

Pros of Liquid Cooling: Liquid cooling is more effective than air cooling due to the higher
thermal conductivity of liquids. This means they can absorb and transfer heat more
efficiently, providing better cooling performance. Liquid cooling can also provide more
uniform cooling across the battery pack, preventing hotspots and ensuring all cells are
operating within their optimal temperature range.

28



Enhancing Sustainability in Electric Vehicles: A Deep Dive into Li-ion Battery Lifespan...

Cons of Liquid Cooling: Despite its advantages, liquid cooling also has its challenges. It
is more complex and expensive to implement compared to air cooling. It requires a pump
to circulate the coolant, a radiator to dissipate the heat, and plumbing to connect all the
components. There is also the risk of leaks, which can cause damage to the battery and other
components.

Impact on Battery Lifespan: By providing effective and uniform cooling, liquid cooling
can significantly enhance the lifespan of Li-ion batteries. It helps maintain the battery’s
temperature within the optimal range, slowing down the degradation of the battery’s
materials and preserving its capacity. However, the complexity and cost of liquid cooling
systems need to be considered in the overall design and operation of the EV.

In the subsequent sections, we will delve into additional cooling techniques, like phase
change material cooling, and assess their efficiency and effect on the longevity of Li-ion
batteries. This comprehension will offer an all-encompassing perspective on the importance
of cooling in boosting the sustainability of Li-ion batteries in electric vehicles.(6)

4.8 Phase Change Material Cooling: Pros, Cons, and Impact on Battery
Lifespan:

Phase Change Material (PCM) cooling is an innovative method of managing the
temperature of Li-ion batteries in electric vehicles (EVS). It involves using materials that
absorb and release thermal energy during the process of melting and solidification.

Pros of PCM Cooling: PCM cooling can provide uniform temperature distribution across
the battery pack, preventing hotspots and ensuring all cells are operating within their
optimal temperature range. It can also act as a thermal buffer, absorbing heat during periods
of high load and releasing it slowly over time. This can help maintain a stable battery
temperature, even under fluctuating operating conditions.

Cons of PCM Cooling: Despite its advantages, PCM cooling also has its challenges. The
selection of the right PCM with the appropriate melting point and thermal properties is
crucial. Furthermore, managing the phase change process can be complex.

The PCM needs to be encapsulated to prevent leakage during the melting phase, which can
add to the complexity and cost of the system.

Impact on Battery Lifespan: By providing effective and uniform cooling, PCM cooling
can significantly enhance the lifespan of Li-ion batteries. It helps maintain the battery’s
temperature within the optimal range, slowing down the degradation of the battery’s
materials and preserving its capacity. However, the complexity and cost of PCM cooling
systems need to be considered in the overall design and operation of the EV(14).

In the upcoming sections, we will investigate various other cooling techniques and evaluate
their efficiency and influence on the life expectancy of Li-ion batteries. This knowledge
will offer a thorough understanding of the significance of cooling in promoting the
sustainability of Li-ion batteries in electric vehicles (1).
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4.9 Comprehensive Exploration of Cooling Strategies for Li-ion Batteries in
Electric Vehicles: Analysis, Implementation, and Challenges:

This section provides an in-depth exploration of various cooling strategies used for Li-ion
batteries in electric vehicles. It includes a comparative analysis of different cooling
methods, their impact on battery performance and efficiency, and the role of thermal
management systems. It also delves into the design considerations for sustainable cooling
systems, illustrated with case studies of successful implementations. Lastly, it discusses the
challenges faced in implementing effective cooling methods and potential solutions to
overcome them.

This comprehensive topic covers all aspects of cooling strategies for Li-ion batteries,
providing a holistic view of this critical aspect of battery management in electric vehicles.

e Comparative Analysis of Different Cooling Methods: When it comes to cooling Li-
ion batteries, there isn’t a one-Size-fits-all solution. Each method, be it air cooling,
liquid cooling, or PCM cooling, has its unique strengths and drawbacks. A comparative
analysis can help us understand these differences and guide the selection of the most
suitable cooling method for a specific application(15).

e The Effect of Cooling on Battery Performance and Efficiency: Cooling doesn’t just
impact the lifespan of Li-ion batteries; it also plays a crucial role in their performance
and efficiency. Effective cooling can enhance the battery’s power output, improve its
charging efficiency, and even influence its energy density.

e Thermal Management Systems for Li-ion Batteries: Thermal management goes
beyond just cooling. It involves maintaining the battery’s temperature within an optimal
range, which requires a combination of heating and cooling strategies. A well-designed
thermal management system can ensure the battery’s reliable operation across a wide
range of environmental conditions.

¢ Designing Sustainable Cooling Systems for Electric Vehicles: Creating a sustainable
cooling system for EVs is a complex task. It involves balancing the need for effective
cooling with considerations of cost, weight, complexity, and environmental impact.
Sustainability also involves looking at the entire lifecycle of the cooling system, from
production and operation to end-of-life disposal or recycling.

e Case Study: Successful Implementation of Cooling Methods: Real-world examples
can provide valuable insights into the practical aspects of implementing cooling
methods. Case studies can highlight the challenges faced during implementation, the
solutions adopted, and the impact on the performance and lifespan of the Li-ion
batteries(3).

4.10 Future Perspectives and Best Practices in Li-ion Battery Technology for
Electric Vehicles: Cooling Technologies, Environmental Impact, and
Regulatory Standards:

This segment offers a progressive outlook on Li-ion battery technology for electric vehicles.
It includes an examination of upcoming cooling technologies, the environmental
implications of prolonged battery life, optimal methods for recycling and disposing of Li-
ion batteries, and the pertinent regulations and standards.
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It also investigates the most recent advancements aimed at prolonging battery life. This all-
inclusive subject offers a complete perspective on the future trajectories, obstacles, and best
practices in Li-ion battery technology for electric vehicles.

e Challenges in Implementing Effective Cooling Methods: While cooling technologies
have evolved significantly, their practical implementation in EVs presents a unique set
of challenges. These range from technical hurdles, such as managing phase change in
PCM cooling, to broader issues like cost-effectiveness and environmental impact.
Recognizing these challenges is a crucial step towards developing sustainable cooling
solutions for Li-ion batteries(3).

e The Future of Cooling Technologies for Li-ion Batteries: As the demand for EVs
grows, so does the need for more efficient and sustainable cooling technologies.
Looking ahead, we can expect advancements in materials science, Al-driven thermal
management systems, and innovative cooling techniques. These future developments
hold the promise of enhancing battery performance, extending lifespan, and
contributing to the overall sustainability of EVs.

e Impact of Extended Battery Lifespan on the Environment: Longer battery lifespan
has far-reaching environmental benefits. It reduces the frequency of battery
replacement, thereby cutting down on the resource-intensive production process. It also
minimizes battery waste, contributing to waste reduction. Thus, strategies that extend
battery lifespan play a vital role in the broader goal of environmental sustainability.

e Recycling and Disposal of Li-ion Batteries: Best Practices: As Li-ion batteries reach
the end of their life, their disposal poses a significant environmental challenge.
Recycling offers a solution, enabling the recovery of valuable materials and reducing
landfill waste. However, effective recycling requires adherence to best practices, from
safe collection and transportation to efficient processing techniques(13).

¢ Regulations and Standards for Battery Lifespan and Cooling: Regulatory standards
play a crucial role in ensuring the safety, performance, and sustainability of Li-ion
batteries. These standards guide the design and operation of batteries, including aspects
like lifespan and cooling. Staying abreast of these regulations is essential for
manufacturers, researchers, and policymakers alike.

¢ Innovations in Battery Technology for Longer Lifespan: The quest for longer battery
lifespan drives continuous innovation in battery technology. From the development of
new materials to the use of Al for predictive maintenance, these innovations aim to
enhance battery longevity. As we explore these advancements, we gain insights into the
future of sustainable Li-ion batteries for EVs(2).

4.11 Advancements and Future Directions in Sustainable Li-ion Battery
Technology for Electric Vehicles: Emerging Trends, Al Applications, and
Research Perspectives:

This section provides an in-depth exploration of the advancements and future directions in
sustainable Li-ion battery technology for electric vehicles. It covers emerging trends in
cooling technologies, the role of Al and machine learning in battery management, and the
path towards sustainable electric vehicle technology. It also discusses future research
directions in battery lifespan and cooling and provides references and further reading for a
more comprehensive understanding.
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This all-encompassing topic provides a holistic view of the current state and prospects of
sustainable Li-ion battery technology in electric vehicles.

e Innovations in Battery Technology for Longer Lifespan: The pursuit of extended
battery lifespan is driving a wave of innovation in battery technology. From the
exploration of new materials to the application of Al for predictive maintenance, these
cutting-edge developments aim to enhance battery longevity, contributing to the
sustainability of Li-ion batteries in EVs.

e Emerging Trends in Cooling Technologies for Li-ion Batteries: As the field of EVs
evolves, so do the cooling technologies for Li-ion batteries. From advanced materials
with superior thermal properties to smart thermal management systems powered by Al,
these emerging trends are set to redefine how we cool batteries, with implications for
their performance, safety, and lifespan.

e The Role of Al and Machine Learning in Battery Management: Al and machine
learning are transforming the way we manage batteries. From predicting battery health
to optimizing charging cycles and managing thermal conditions, these technologies
offer new ways to enhance battery lifespan and performance, paving the way for more
sustainable EVs (6).

4.12 Conclusion:

The journey towards sustainable EV technology is a complex one, involving various facets
from battery lifespan and cooling methods to recycling practices. As we navigate this path,
it’s clear that every step we take towards enhancing battery sustainability brings us closer
to our goal of a greener future.

The field of battery lifespan and cooling is ripe with opportunities for further research. From
exploring new materials and cooling methods to leveraging Al for battery management,
these future directions hold the promise of advancing our understanding and enhancing the
sustainability of Li-ion batteries in EVs.

4.13 References:

1. Wang Q, Jiang B, Li B, Yan Y. A critical review of thermal management models and
solutions of lithium-ion batteries for the development of pure electric vehicles.
Renewable and Sustainable Energy Reviews. 2016; 64:106-28.

2. Verma J, Kumar D. Metal-ion batteries for electric vehicles: current state of the
technology, issues and future perspectives. Nanoscale Advances. 2021;3(12):3384-94.

3. Singh R, Kumar S. Green technologies and environmental sustainability: Springer;
2017.

4. Mohammadi F, Saif M. A comprehensive overview of electric vehicle batteries market.
e-Prime-Advances in Electrical Engineering, Electronics and Energy. 2023; 3:100127.

5. Liu W, Placke T, Chau K. Overview of batteries and battery management for electric
vehicles. Energy Reports. 2022; 8:4058-84.

6. Jahanpanah J, Soleymani P, Karimi N, Babaie M, Saedodin S. Transient cooling of a
lithium-ion battery module during high-performance driving cycles using distributed
pipes-A numerical investigation. Journal of Energy Storage. 2023; 74:109278.

32



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Enhancing Sustainability in Electric Vehicles: A Deep Dive into Li-ion Battery Lifespan...

Wu J, Zheng M, Liu T, Wang Y, Liu Y, Nai J, et al. Direct recovery: A sustainable
recycling technology for spent lithium-ion battery. Energy Storage Materials. 2023;
54:120-34.

Ochoa-Barragan R, Ponce-Ortega JM, Tovar-Facio J. Long-term energy transition
planning: Integrating battery system degradation and replacement for sustainable power
systems. Sustainable Production and Consumption. 2023; 42:335-50.

Soleymani P, Saffarifard E, Jahanpanah J, Babaie M, Nourian A, Mohebbi R, et al.
Enhancement of an Air-Cooled Battery Thermal Management System Using Liquid
Cooling with CuO and AI203 Nanofluids under Steady-State and Transient Conditions.
Fluids. 2023;8(10):261.

Ruan H, Barreras JV, Engstrom T, Merla Y, Millar R, Wu B. Lithium-ion battery
lifetime extension: A review of derating methods. Journal of Power Sources. 2023;
563:232805.

Chavan S, Venkatachalam B, Prabakaran R, Salman M, Joo SW, Choi GS, Kim SC.
Thermal runaway and mitigation strategies for electric vehicle lithium-ion batteries
using battery cooling approach: A review of the current status and challenges. Journal
of Energy Storage. 2023; 72:1085609.

Merla Y, Wu B, Yufit V, Brandon NP, Martinez-Botas RF, Offer GJ. Extending battery
life: A low-cost practical diagnostic technique for lithium-ion batteries. Journal of
Power Sources. 2016; 331:224-31.

McNulty D, Hennessy A, Li M, Armstrong E, Ryan KM. A review of Li-ion batteries
for autonomous mobile robots: Perspectives and outlook for the future. Journal of
Power Sources. 2022; 545:231943.

Chen J, Kang S, Jiagiang E, Huang Z, Wei K, Zhang B, et al. Effects of different phase
change material thermal management strategies on the cooling performance of the
power lithium-ion batteries: A review. Journal of Power Sources. 2019; 442:227228.
Dunn JB, Gaines L, Kelly JC, James C, Gallagher KG. The significance of Li-ion
batteries in electric vehicle life-cycle energy and emissions and recycling's role in its
reduction. Energy & Environmental Science. 2015;8(1):158-68.

Alinia-Ahandani E, Alizadeh-Terepoei Z, Sheydaei M, Peysepar-Balalami F.
Assessment of soil on some heavy metals and its pollution in Roodsar-Iran. Biomed J
Sci & Tech Res. 2020;28(5):21977-9.

Sheydaei M, Alinia-Ahandani E. Breast cancer and the role of polymer-carriers in
treatment. Biomed J Sci Tech Res. 2021;34(5):27057-61.

Alinia-Ahandani E, Malekirad AA, Nazem H, Fazilati M, Salavati H, Rezaei M.
Assessment of SOME TOXIC METALS in Ziziphora (Ziziphora persica) obtained
from local market in Lahijan, Northern Iran. Annals of Military and Health Sciences
Research. 2021 Dec 31;19(4).

Alinia-Ahandani E, Nazem H, Malekirad AA, Fazilati M. The safety evaluation of toxic
elements in medicinal plants: A Systematic Review. Journal of Human Environment
and Health Promotion. 2022 Jun 10;8(2):62-8.

MY, Alinia-Ahandani E, Shirani-Bidabadi B, Hajipour S, Selamoglu Z, Hosseinnejad
S. Nanotechnology Applications in the Production of Sustainable Agricultural
Products: A Comprehensive Review. Ind. J. Pure App. Biosci. 2023;11(6):10-25.

33



