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Abstract: The rapid global transition toward electric vehicles (EVs) represents a critical
shift in the automobile industry, driven by the urgent need to reduce greenhouse gas
emissions and achieve sustainable mobility. However, the adoption of EV technology in
developing countries such as Bangladesh presents unique challenges, particularly due to
climatic conditions, infrastructural limitations, and policy gaps. This thesis investigates
the design and policy framework for climate-optimized electric vehicle battery systems
in Bangladesh, with a focus on enhancing performance, safety, and long-term
sustainability. A key challenge addressed in this study is the impact of Bangladesh’s
tropical climate on lithium-ion battery performance. High ambient temperatures and
humidity levels contribute to thermal stress, accelerated degradation, and reduced
efficiency of battery systems. To address this issue, the research explores various battery
thermal management systems (BTMS), including air cooling, liquid cooling, and phase-
change materials, through simulation-based analysis. The objective is to identify the most
effective and economically feasible solution suitable for local environmental conditions.
In addition to engineering design, this study examines the current policy landscape
governing electric mobility in Bangladesh. It identifies gaps in regulatory frameworks,
infrastructure development, and technological adaptation that hinder the widespread
adoption of EVs. By integrating engineering insights with policy analysis, the research
proposes a comprehensive framework aimed at supporting the development of a resilient
EV ecosystem. The findings of this study contribute to both academic and practical
domains by offering a localized approach to EV technology adaptation while aligning with
global sustainability goals. Ultimately, this research provides a foundation for future
innovation, policy formulation, and international collaboration in advancing Bangladesh’s
automobile sector toward a more sustainable and globally integrated future.

Keywords: Automobile engineering, Bangladesh, battery, climate, electric vehicle,
environment and optimization

INTRODUCTION

Background of Electric Vehicles and Global Transition

The global automobile industry is undergoing a transformative shift from internal
combustion engine vehicles to electric vehicles, driven by concerns over climate change,
rising fuel costs, and technological advancement. Electric vehicles have emerged as a
cleaner and more energy-efficient alternative, supported by rapid innovation in battery
technology and strong policy backing in many developed and emerging economies. Countries
across Europe, East Asia, and North America are investing heavily in electrification, charging
infrastructure, and research, aiming to reduce carbon emissions and dependency on fossil
fuels. This transition is not only technological but also deeply connected to global
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sustainability goals, making EV adoption a central element of future mobility systems
worldwide.

Automobile Sector in Bangladesh

The automobile sector in Bangladesh has historically developed under constraints of limited
industrial capacity, high dependency on imports, and a fragmented regulatory environment.
Unlike major automobile-producing countries, Bangladesh does not yet possess a fully
integrated manufacturing base for vehicles, relying instead on imported reconditioned cars,
motorcycles, and commercial vehicles. The dominance of internal combustion engine
vehicles has shaped both urban and rural transport systems, where fuel efficiency and
affordability often take precedence over environmental considerations. Over time, the
sector has expanded alongside rapid urbanization, particularly in cities like Dhaka and
Narayanganj, where increasing population density has intensified the demand for mobility
solutions. However, this growth has occurred without corresponding advancements in
technological innovation or sustainable practices within the local automobile engineering
domain.

In recent years, there has been a gradual shift in attention toward electric mobility,
influenced by global trends and the growing awareness of environmental sustainability.
Electric three-wheelers and small-scale battery-operated vehicles have already established
a presence in semi-urban and rural areas, demonstrating the potential for electrification at
a grassroots level. Despite this, the broader adoption of electric vehicles remains limited
due to infrastructural challenges, including insufficient charging facilities, unreliable
electricity supply, and lack of standardized systems. The absence of local research and
development further complicates the situation, as imported EV technologies are not always
suited to the specific environmental and economic conditions of Bangladesh. This gap
highlights the need for context-specific engineering solutions that can adapt global
technologies to local realities.

Estimated Distribution of Vehicle Types in Bangladesh
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Figure 1.1: Estimated Distribution of Vehicle Types in Bangladesh

From a policy perspective, the automobile sector in Bangladesh is at a transitional
stage, where opportunities for modernization coexist with structural limitations.
Government initiatives have begun to address the need for sustainable transport, including
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discussions on reducing import duties for electric vehicles and promoting renewable energy
integration. However, these efforts remain fragmented and lack a comprehensive
framework that aligns engineering innovation with policy implementation. The sector also
faces economic challenges, as the high initial cost of electric vehicles limits accessibility for
the majority of the population. To overcome these barriers, a coordinated approach is
required that integrates local manufacturing, technological adaptation, and supportive
policy measures. Such an approach would not only strengthen the domestic automobile
industry but also position Bangladesh within the evolving global landscape of sustainable
mobility.

Climate and Environmental Challenges

Bangladesh’s climatic conditions present a unique set of challenges for the adoption and
performance of electric vehicle technologies. The country experiences a tropical monsoon
climate characterized by high temperatures, significant humidity, and seasonal variations
that can be extreme. These environmental factors have a direct impact on the efficiency
and durability of automotive components, particularly lithium-ion batteries, which are
highly sensitive to temperature fluctuations. Elevated temperatures accelerate chemical
reactions within the battery, leading to faster degradation, reduced lifespan, and increased
risk of overheating. In addition, high humidity levels can affect electrical systems and
insulation, potentially compromising safety and performance. These challenges are often
overlooked in global EV designs, which are typically optimized for temperate climates,
thereby creating a mismatch between imported technologies and local conditions.
Environmental concerns in Bangladesh extend beyond climate to include severe air
pollution, urban congestion, and the over-reliance on fossil fuels. Major cities, especially
Dhaka, consistently rank among the most polluted in the world, with vehicular emissions
contributing significantly to deteriorating air quality. The widespread use of diesel and
petrol-powered vehicles, combined with inefficient traffic management, results in high
levels of carbon dioxide and particulate matter emissions. This not only affects public health
but also places additional pressure on the environment. The transition to electric vehicles
offers a potential pathway to reduce these emissions, but without addressing the underlying
engineering challenges, the benefits may not be fully realized. For instance, inefficient
battery performance in high temperatures could lead to increased energy consumption,
thereby offsetting some of the environmental advantages of electrification.

Another critical issue is the energy infrastructure that supports the automobile
sector. Bangladesh’s electricity generation is still heavily dependent on fossil fuels, which
raises questions about the overall sustainability of electric vehicles. While EVs produce zero
tailpipe emissions, their environmental impact is closely linked to the source of electricity
used for charging. In the absence of a strong renewable energy base, the shift to electric
mobility may simply transfer emissions from the transport sector to the power generation
sector. This highlights the need for an integrated approach that combines EV adoption with
renewable energy development. Solar energy, in particular, holds significant potential in
Bangladesh due to its geographical location, and its integration with EV charging systems
could enhance the sustainability of the entire ecosystem. Furthermore, the lack of climate-
adaptive engineering solutions remains a major barrier to effective EV implementation in
Bangladesh. Existing battery thermal management systems are often expensive and
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designed for advanced markets, making them less accessible for local use. There is a
pressing need for cost-effective, locally adaptable solutions that can maintain optimal
battery temperatures under extreme environmental conditions. Such innovations would not
only improve performance and safety but also reduce long-term operational costs, making
electric vehicles more attractive to consumers. Addressing these climate and environmental
challenges requires a multidisciplinary approach that combines engineering design,
environmental awareness, and policy support. Only through such integrated efforts can
Bangladesh successfully transition toward a sustainable and resilient automobile sector.

Scope of the Study

The scope of this study is centered on the design, analysis, and policy integration of climate-
optimized battery systems for electric vehicles within the specific context of Bangladesh. It
focuses primarily on lithium-ion battery performance under tropical environmental
conditions, particularly high temperature and humidity, which are critical factors affecting
efficiency, safety, and durability. The study limits its technical exploration to battery
thermal management systems, including air cooling, liquid cooling, and phase-change
materials, and evaluates their suitability through simulation-based modeling. Rather than
covering the entire electric vehicle system, the research narrows its engineering emphasis
to the battery as the core component that determines overall vehicle performance and
feasibility.

In addition to the engineering dimension, the study extends its scope to include an
analysis of the policy and infrastructural landscape related to electric vehicle adoption in
Bangladesh. This involves examining existing regulations, government initiatives, and
institutional frameworks that influence the development of the automobile sector. The
research considers how policy gaps, economic constraints, and lack of standardization
hinder the effective integration of electric vehicles into the national transport system. By
linking technical design with policy evaluation, the study aims to provide a holistic
understanding of the challenges and opportunities associated with EV implementation.
However, it does not attempt to provide a full economic model or detailed financial
feasibility analysis, focusing instead on conceptual and structural recommendations.

The geographical scope of the study is limited to Bangladesh, with particular
attention to urban environments such as Dhaka and surrounding industrial regions where
vehicle density and environmental stress are highest. At the same time, the study draws
comparative insights from global practices in electric mobility to contextualize local
challenges within a broader international framework. While experimental validation through
physical prototypes is beyond the scope of this research due to time and resource
limitations, simulation and secondary data analysis are used to ensure reliability. Therefore,
the study remains grounded in practical applicability while acknowledging its limitations in
large-scale empirical testing and real-time implementation.

Purpose and Significance

The primary purpose of this study is to explore how engineering innovation and policy
development can be integrated to support the adoption of electric vehicles in Bangladesh,
with a specific focus on battery performance under local climatic conditions. By addressing
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the thermal challenges associated with lithium-ion batteries in tropical environments, the
research seeks to develop design approaches that enhance efficiency, safety, and longevity.
At the same time, the study aims to examine how existing policy frameworks can be
strengthened to support these technological adaptations. This dual focus reflects the
understanding that sustainable mobility cannot be achieved through engineering solutions
alone, but requires a coordinated effort that includes regulatory support, infrastructural
development, and long-term planning.

Projected Impact Areas of EV Adoption in Bangladesh

Environmental Benefits

Economic Growth

Policy Advancement
Energy Efficiency

Technological Development

Figure 1.2: Projected Impact Areas of Electric Vehicle Adoption in Bangladesh

Another important purpose of this research is to contribute to the localization of
global technologies. Electric vehicle systems are largely developed in regions with different
environmental and economic conditions, which limits their direct applicability in
Bangladesh. This study emphasizes the need to adapt these technologies rather than simply
adopt them, highlighting the role of local engineering research in bridging this gap. By
focusing on climate-optimized battery systems, the research provides insights into how
global innovations can be modified to suit local realities. This approach not only improves
performance but also encourages the development of indigenous knowledge and technical
capacity within the country’s automobile sector.

The significance of this study extends to environmental sustainability, which is a
pressing concern for Bangladesh. Rapid urbanization, increasing vehicle numbers, and
dependence on fossil fuels have contributed to severe air pollution and rising greenhouse
gas emissions. Electric vehicles offer a potential solution to these challenges, but their
effectiveness depends on proper implementation and adaptation. By improving battery
efficiency and promoting sustainable design, this research supports efforts to reduce
environmental impact and enhance energy efficiency. Furthermore, the integration of
renewable energy considerations within the broader discussion highlights the importance of
aligning transport solutions with national and global climate goals.

From an economic perspective, the study holds significance in terms of industrial
development and technological advancement. The automobile sector in Bangladesh has the
potential to evolve beyond import dependency toward localized production and innovation.
By identifying engineering solutions that are cost-effective and adaptable, this research
contributes to the possibility of developing a domestic EV industry. Such development could
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create employment opportunities, stimulate investment, and strengthen the country’s
position in the global automotive value chain. In this sense, the study is not only about
technological improvement but also about long-term economic transformation.

The policy relevance of this research is equally important. One of the major barriers
to EV adoption in Bangladesh is the lack of a comprehensive and coherent policy framework.
Existing initiatives are often fragmented and do not fully address the technical and
infrastructural requirements of electric mobility. This study provides a foundation for
policymakers by identifying key areas where intervention is needed, such as incentives for
EV adoption, investment in charging infrastructure, and support for research and
development. By linking engineering findings with policy recommendations, the research
aims to facilitate informed decision-making and strategic planning.

Finally, the broader significance of this study lies in its contribution to global
discussions on sustainable mobility and climate adaptation. Bangladesh, as a developing
country with unique environmental challenges, can offer valuable insights into how electric
vehicle technologies can be adapted for similar regions around the world. The findings of
this research have the potential to inform not only national strategies but also international
collaborations and knowledge exchange. In this way, the study positions Bangladesh not
merely as a recipient of global technologies but as an active participant in shaping the future
of sustainable transportation.

THE RESEARCH FOCUS

Statement of the Problem

The global transition toward electric vehicles has been widely recognized as a necessary
step in addressing climate change, reducing greenhouse gas emissions, and promoting
sustainable transportation systems. While many developed countries have successfully
integrated electric mobility into their transport sectors, developing countries like
Bangladesh face a different set of challenges that complicate this transition. The problem
is not simply the adoption of electric vehicles, but rather the lack of adaptation of these
technologies to local environmental, economic, and infrastructural conditions. This gap
between global innovation and local applicability forms the central problem of this research.

In Bangladesh, the automobile sector is still largely dependent on internal
combustion engine vehicles, which contribute significantly to air pollution, fuel
consumption, and environmental degradation. The growing number of vehicles in urban
areas such as Dhaka has intensified these issues, leading to deteriorating air quality and
increased public health concerns. Although electric vehicles offer a promising alternative,
their adoption remains limited and fragmented. One of the primary reasons for this is the
absence of context-specific engineering solutions that can ensure the efficient and safe
operation of EV systems under local conditions. Among these, battery performance stands
out as the most critical challenge.

Lithium-ion batteries, which are the core component of electric vehicles, are highly
sensitive to environmental conditions. Bangladesh’s tropical climate, characterized by high
temperatures and humidity, creates a challenging environment for battery operation.
Elevated temperatures accelerate chemical reactions within the battery, leading to faster
degradation, reduced efficiency, and increased safety risks such as overheating and thermal
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runaway. At the same time, high humidity levels can affect electrical insulation and overall
system reliability. Most existing EV battery systems are designed for temperate climates and
do not adequately address these conditions, resulting in suboptimal performance when used
in Bangladesh.

Another dimension of the problem lies in the lack of effective battery thermal
management systems that are both efficient and economically feasible for the local context.
Advanced cooling technologies, such as liquid cooling and phase-change materials, are
widely used in developed countries but are often too expensive or technologically complex
for widespread adoption in Bangladesh. On the other hand, simpler solutions like air cooling
may not provide sufficient performance under extreme conditions. This creates a technical
dilemma where neither high-end nor low-cost solutions fully meet the needs of the local
environment, highlighting the necessity for innovative, climate-adapted designs.

The problem is further compounded by the absence of a comprehensive policy
framework that supports the integration of electric vehicles into the national transport
system. Existing policies related to electric mobility in Bangladesh are limited in scope and
lack coordination across different sectors. There is insufficient focus on research and
development, limited incentives for adoption, and inadequate investment in charging
infrastructure. Without a clear and cohesive policy direction, even the most effective
engineering solutions may fail to achieve large-scale implementation.

In addition, the energy infrastructure in Bangladesh poses another challenge.
Although electric vehicles are often promoted as environmentally friendly, their
sustainability depends heavily on the source of electricity used for charging. Since a
significant portion of the country’s electricity is still generated from fossil fuels, the
environmental benefits of EV adoption may be reduced if not accompanied by a transition
toward renewable energy sources. This interconnection between transport and energy
sectors adds another layer of complexity to the problem.

The lack of local manufacturing and technical expertise also contributes to the issue.
Bangladesh currently relies heavily on imported vehicles and components, which limits the
ability to customize technologies according to local needs. This dependency not only
increases costs but also restricts innovation within the domestic automobile engineering
sector. As a result, there is a pressing need to develop indigenous solutions that can bridge
the gap between global technologies and local requirements.

Therefore, the core problem addressed in this research can be summarized as the
absence of a climate-adaptive, cost-effective, and policy-supported framework for electric
vehicle battery systems in Bangladesh. Without addressing this issue, the country risks
falling behind in the global transition toward sustainable mobility while continuing to face
environmental and economic challenges associated with conventional transportation
systems. This study aims to tackle this problem by integrating engineering design with policy
analysis, providing a comprehensive approach to the development of a resilient and future-
ready EV ecosystem in Bangladesh.

Research Questions

This research is guided by a set of carefully formulated questions that aim to explore the
technical, environmental, and policy-related dimensions of electric vehicle adoption in
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Bangladesh. These questions are designed to address the core problem identified in the
previous section while providing a structured pathway for analysis and solution
development.

The primary research question of this study is how electric vehicle battery systems
can be optimized to perform efficiently and safely under the climatic conditions of
Bangladesh. This question reflects the central focus of the research on battery performance
and thermal management. It seeks to understand the extent to which environmental factors
such as temperature and humidity influence battery behavior and what engineering
interventions can be applied to mitigate these effects.

A related question examines which battery thermal management system is most
suitable for the local context. This involves comparing different cooling techniques,
including air cooling, liquid cooling, and phase-change materials, in terms of performance,
cost, and feasibility. The aim is to identify a solution that balances technical effectiveness
with economic practicality, making it accessible for widespread use in Bangladesh.

Table 2.1: Research Questions and Analytical Framework

Research Question Key Variables Method of | Expected Outcome
Analysis

How does Bangladesh’s | Temperature, Simulation, Identification of
climate affect EV battery | Humidity, Battery | Literature Review | performance
performance? Efficiency degradation patterns
Which  battery thermal | Cooling Type (Air, | Comparative Selection of optimal
management system is most | Liquid, PCM), Cost, | Analysis, Modeling | cooling system
suitable for Bangladesh? Efficiency
What are the gaps in current | Policy Support, | Policy  Analysis, | Identification of policy
EV policies in Bangladesh? Infrastructure, Document Review | limitations

Incentives
How can engineering and | Technical Design, | Conceptual Integrated solution
policy be integrated for EV | Policy Framework Framework model
adoption? Development
What are the environmental | Emissions, Energy | Analytical Understanding
and economic impacts of EV | Use, Cost Efficiency Evaluation sustainability benefits
adoption?

Another important research question focuses on the policy environment and its role
in shaping the adoption of electric vehicles. It asks what gaps exist in the current policy
framework and how these gaps can be addressed to support the development of a
sustainable EV ecosystem. This includes exploring issues related to incentives,
infrastructure, standardization, and regulatory support.

The study also seeks to understand how engineering solutions and policy measures
can be integrated to achieve long-term sustainability. This question highlights the
interdisciplinary nature of the research, recognizing that technological innovation alone is
insufficient without supportive institutional structures. It aims to develop a framework that
aligns technical design with policy implementation, ensuring that solutions are both
effective and scalable.
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In addition, the research considers the broader question of how Bangladesh can
position itself within the global transition toward electric mobility. This involves examining
opportunities for international collaboration, technology transfer, and participation in
global value chains. By addressing this question, the study connects local challenges with
global trends, emphasizing the importance of integration and adaptability.

Finally, the research explores the potential environmental and economic impacts of
adopting climate-optimized EV systems in Bangladesh. It asks how improvements in battery
performance and policy support can contribute to reducing emissions, enhancing energy
efficiency, and promoting industrial development. This question underscores the wider
significance of the study beyond the technical domain.

Together, these research questions provide a comprehensive framework for
investigating the challenges and opportunities associated with electric vehicle adoption in
Bangladesh. They guide the analysis in subsequent chapters and ensure that the study
remains focused on both practical solutions and broader implications.

Research Objectives

The objectives of this research are formulated to address the identified problem and answer
the research questions in a systematic and coherent manner. They are divided into a general
objective and several specific objectives that guide the overall direction of the study.

The general objective of this research is to develop an integrated engineering and
policy framework for climate-optimized electric vehicle battery systems in Bangladesh. This
involves designing solutions that enhance battery performance under local environmental
conditions while also identifying policy measures that support their implementation. The
aim is to create a comprehensive approach that bridges the gap between technological
innovation and practical application. One of the key specific objectives is to analyze the
impact of Bangladesh’s climatic conditions on the performance of lithium-ion batteries. This
includes studying the effects of temperature and humidity on battery efficiency, lifespan,
and safety. By understanding these factors, the research aims to identify the critical
challenges that must be addressed through engineering design.

Another important objective is to evaluate different battery thermal management
systems and determine their suitability for the local context. This involves comparing
various cooling techniques based on criteria such as effectiveness, cost, and feasibility. The
goal is to identify a solution that can maintain optimal battery performance while remaining
accessible for widespread adoption.

The research also aims to design or propose a climate-adaptive battery thermal
management system that addresses the identified challenges. This objective focuses on
innovation and practical application, ensuring that the study contributes not only to
theoretical knowledge but also to real-world solutions. In addition to technical objectives,
the study seeks to analyze the existing policy framework related to electric vehicles in
Bangladesh. This includes identifying gaps, limitations, and areas for improvement. By doing
so, the research aims to provide recommendations that can support the development of a
more effective and coordinated policy environment. Another objective is to explore the
integration of renewable energy with electric vehicle systems. This reflects the
understanding that the sustainability of EVs depends not only on their design but also on the
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source of energy used for charging. By considering this aspect, the research aims to align
transport solutions with broader environmental goals. The study further aims to assess the
potential economic and environmental benefits of adopting climate-optimized EV systems.
This includes evaluating how improved battery performance and supportive policies can
contribute to reducing emissions, lowering energy costs, and promoting industrial growth.
These considerations highlight the broader significance of the research.

Finally, the research aims to contribute to the development of local technical
expertise and innovation in the field of automobile engineering. By focusing on context-
specific solutions, the study encourages the growth of indigenous knowledge and capacity
within Bangladesh. This objective aligns with the long-term goal of reducing dependency on
imported technologies and fostering a self-sustaining automobile sector.

Overall, these objectives provide a clear and structured pathway for the research,
ensuring that it addresses both technical and policy dimensions while contributing to
sustainable development and global integration.

Importance of the Study

The importance of this study lies first in its contribution to addressing a highly contextual
engineering challenge that has not been sufficiently explored within the Bangladeshi
setting. While electric vehicles are widely promoted as a sustainable alternative to
conventional transport, their successful implementation depends on how well they perform
under local environmental conditions. Bangladesh’s tropical climate introduces stress
factors such as high temperature and humidity that directly affect battery efficiency,
safety, and lifespan. By focusing on climate-optimized battery systems, this research
contributes to a more realistic and applicable understanding of electric vehicle technology
in developing countries. It shifts the focus from mere adoption of global technologies to
their adaptation, which is essential for ensuring long-term functionality and user
acceptance. In doing so, the study fills an important gap in both academic research and
practical engineering applications within the national context.

The study is also significant in its interdisciplinary approach, combining automobile
engineering with policy analysis to create a more comprehensive framework for sustainable
mobility. In Bangladesh, one of the major barriers to electric vehicle adoption is not only
technical but also institutional. Policies related to electric mobility are often fragmented,
lacking coordination between sectors such as energy, transport, and industry. This research
highlights the importance of aligning engineering innovation with policy development,
demonstrating that technological solutions must be supported by effective regulatory
frameworks to achieve meaningful impact. By identifying policy gaps and proposing
integrated solutions, the study provides valuable insights for decision-makers, planners, and
industry stakeholders. This makes the research relevant beyond the academic domain,
extending its significance to governance, infrastructure planning, and national development
strategies.

Furthermore, the study holds broader significance in terms of environmental
sustainability and economic development. Bangladesh faces severe challenges related to air
pollution, fossil fuel dependency, and rapid urbanization, all of which are closely linked to
the transport sector. The adoption of electric vehicles, when properly implemented, has
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the potential to reduce emissions, improve energy efficiency, and contribute to a cleaner
urban environment. This research supports that transition by addressing one of its most
critical technical barriers, namely battery performance in adverse climatic conditions. At
the same time, the study opens up possibilities for local industrial growth by encouraging
the development of indigenous engineering solutions and reducing dependence on imported
technologies. In the global context, the findings can contribute to knowledge on how
electric vehicle systems can be adapted for other tropical and developing regions,
positioning Bangladesh as a participant in the broader movement toward sustainable and
inclusive mobility.

Definition of Key Terms

In order to ensure clarity and consistency throughout this study, several key terms related
to electric vehicles, battery systems, and policy frameworks are defined in the context of
this research. Electric vehicles, commonly referred to as EVs, are vehicles that are powered
either fully or partially by electricity, using electric motors instead of or alongside internal
combustion engines. In this study, the focus is primarily on battery electric vehicles, which
rely entirely on electrical energy stored in rechargeable batteries. These vehicles are
considered more environmentally friendly due to their zero tailpipe emissions, although
their overall sustainability depends on the source of electricity used for charging.

A central concept in this research is the lithium-ion battery, which is the most widely
used energy storage technology in modern electric vehicles. Lithium-ion batteries are valued
for their high energy density, efficiency, and relatively long lifespan. However, their
performance is highly sensitive to environmental conditions, particularly temperature.
Battery efficiency refers to the ability of the battery to store and deliver energy effectively,
while battery degradation describes the gradual loss of capacity over time due to chemical
and physical changes within the battery. Thermal runaway is another important term,
referring to a dangerous condition in which excessive heat causes a self-sustaining reaction
within the battery, potentially leading to fire or explosion.

Closely related to battery performance is the concept of battery thermal
management systems, often abbreviated as BTMS. These systems are designed to regulate
the temperature of the battery to ensure optimal performance and safety. Common types
of BTMS include air cooling, liquid cooling, and phase-change materials. Air cooling involves
the use of ambient or forced air to dissipate heat, while liquid cooling uses coolant fluids to
absorb and transfer heat away from the battery. Phase-change materials store and release
heat during transitions between solid and liquid states, offering a passive cooling solution.
In the context of this study, these systems are evaluated for their suitability in Bangladesh’s
climatic conditions.

Another important term is climate optimization, which refers to the process of
adapting engineering systems to perform efficiently under specific environmental
conditions. In this research, climate optimization focuses on modifying battery systems to
withstand high temperatures and humidity typical of tropical regions. This concept
emphasizes the need for localized solutions rather than relying solely on technologies
designed for different climates.
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The study also engages with several policy-related terms. Electric vehicle policy
framework refers to the set of regulations, incentives, and institutional arrangements that
govern the adoption and use of EVs within a country. This includes import duties, subsidies,
infrastructure development, and standards for charging systems. Sustainable mobility is
another key concept, referring to transportation systems that meet current mobility needs
without compromising environmental quality or future resources. It involves the integration
of clean technologies, efficient energy use, and equitable access to transport.

Energy efficiency, in the context of this study, describes the ability to achieve
maximum output with minimal energy input, particularly in relation to vehicle operation
and battery performance. Renewable energy refers to energy sources such as solar and wind
that are naturally replenished and have lower environmental impact compared to fossil
fuels. The integration of renewable energy with electric vehicle systems is considered
important for maximizing the environmental benefits of EV adoption.

Finally, the concept of global integration is used to describe the process by which
Bangladesh’s automobile sector aligns with international technological standards, practices,
and markets. This includes participation in global supply chains, collaboration with
international manufacturers, and adoption of standardized systems. By defining these key
terms, the study establishes a clear conceptual foundation that supports both the technical
and analytical discussions presented in subsequent chapters.

Literature Review
Evolution of Electric Vehicle Technologies

The evolution of electric vehicle (EV) technologies represents a significant transformation
within the global automobile industry, driven by environmental concerns, technological
advancements, and policy interventions. Early developments in EVs can be traced back to
the late nineteenth century, but their modern resurgence is largely attributed to the need
to reduce greenhouse gas emissions and dependence on fossil fuels. According to Chan
(2007), the contemporary EV landscape is characterized by rapid innovation in powertrain
systems, battery technologies, and electronic control mechanisms, which have collectively
improved vehicle efficiency and performance. The study highlights that hybrid and fully
electric vehicles have evolved from niche innovations into viable alternatives to internal
combustion engine vehicles.

Subsequent literature builds upon this foundation by emphasizing the role of
technological integration in enhancing EV functionality. Modern electric vehicles
incorporate advanced systems such as regenerative braking, intelligent energy
management, and digital monitoring, which contribute to improved energy efficiency and
user experience. However, despite these advancements, the adoption of EVs remains
uneven across regions, with developed countries leading the transition while developing
nations lag behind. This disparity is often attributed to differences in infrastructure,
economic capacity, and policy support.

In the context of Bangladesh, the evolution of EV technology has been limited
primarily to small-scale applications such as electric three-wheelers and battery-operated
rickshaws. These vehicles, while demonstrating the feasibility of electric mobility, lack the
technological sophistication of modern EV systems. The literature suggests that the absence
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of a strong industrial base and limited research and development capacity have constrained
the adoption of advanced EV technologies in the country. This highlights the need for
localized innovation that can bridge the gap between global advancements and local
capabilities.

Furthermore, the global transition toward electrification is increasingly influenced
by international climate agreements and sustainability goals. Reports by the International
Energy Agency (2023) indicate that the global EV market is expanding rapidly, supported by
government incentives, technological breakthroughs, and increasing consumer awareness.
However, the applicability of these global trends to Bangladesh remains uncertain, as local
conditions require adaptation rather than direct adoption. This creates a critical space for
research that focuses on aligning technological evolution with contextual realities.

Lithium-lon Battery Systems and Performance

Lithium-ion batteries are widely recognized as the cornerstone of modern electric vehicle
technology, providing the primary source of energy storage and determining overall vehicle
performance. The literature on battery systems is extensive, covering aspects such as
electrochemical properties, energy density, lifecycle, and safety. Linden and Reddy (2011)
provide a comprehensive overview of battery chemistry, explaining that lithium-ion
batteries offer high energy density and efficiency compared to other storage technologies.
However, their performance is influenced by several factors, including temperature,
charging cycles, and operating conditions.

Zhang (2006) explores the relationship between temperature and battery
performance, demonstrating that elevated temperatures accelerate chemical reactions
within the battery, leading to faster degradation and reduced lifespan. This finding is
particularly relevant for regions with hot climates, where maintaining optimal operating
conditions becomes a significant challenge. The study also highlights that extreme
temperatures can lead to safety risks, including thermal runaway, which can result in
catastrophic failure.

More recent studies have focused on improving battery performance through
material innovation and system optimization. Advances in electrode materials, electrolyte
composition, and battery architecture have contributed to increased capacity and
durability. However, these improvements are often developed and tested under controlled
conditions, which may not reflect the environmental realities of developing countries. This
raises questions about the applicability of existing battery technologies in regions like
Bangladesh, where environmental stressors are more pronounced.

In addition to technical performance, cost remains a critical factor influencing the
adoption of lithium-ion batteries. The high cost of battery production is a major barrier to
the widespread adoption of electric vehicles, particularly in low-income settings. Although
prices have decreased significantly over the past decade, batteries still account for a
substantial portion of the total cost of EVs. This has led to increased interest in alternative
materials and manufacturing processes that can reduce costs while maintaining
performance.

The literature also highlights the importance of battery management systems, which
monitor and regulate battery operation to ensure safety and efficiency. These systems play

Vol. 14 No. 02 (2026): European Journal of Applied Sciences Page | 348



Scholar Publishing

a crucial role in maintaining optimal performance, particularly under varying environmental
conditions. However, their effectiveness depends on the accuracy of sensors and the
robustness of control algorithms, which may be affected by external factors such as
temperature and humidity. This further underscores the need for climate-adaptive solutions
that can enhance battery performance in specific contexts.

Battery Thermal Management Systems (BTMS)

Battery thermal management systems (BTMS) have emerged as a critical area of research
within the field of electric vehicle engineering, addressing the challenges associated with
temperature regulation and system stability.

Effective thermal management is essential for maintaining battery performance,
extending lifespan, and ensuring safety. The literature identifies several approaches to
thermal management, including air cooling, liquid cooling, and phase-change materials,
each with its own advantages and limitations.

Ehsan and Yang (2018) provide a detailed analysis of active thermal management
systems, emphasizing the importance of controlling heat generation and dissipation within
the battery. Their study demonstrates that liquid cooling systems are highly effective in
maintaining uniform temperature distribution, thereby enhancing performance and
reducing the risk of thermal runaway. However, these systems are often complex and
expensive, making them less suitable for cost-sensitive markets.

Air cooling systems, on the other hand, are simpler and more cost-effective but may
not provide sufficient cooling under extreme conditions. This limitation is particularly
relevant for tropical regions, where ambient temperatures are already high. Phase-change
materials offer an alternative approach by absorbing heat during phase transitions,
providing passive cooling without the need for additional energy input. While promising,
these materials require further research to optimize their performance and integration into
existing systems.

The literature also explores hybrid thermal management systems that combine
multiple cooling techniques to achieve better performance. These systems aim to balance
efficiency, cost, and complexity, making them more adaptable to different environments.
However, their implementation requires careful design and testing to ensure compatibility
with vehicle systems and operating conditions.

Despite the advancements in thermal management technologies, there is a notable
lack of research focused on their application in developing countries. Most studies are
conducted in controlled environments or regions with moderate climates, limiting their
relevance to tropical settings. This gap highlights the need for context-specific research
that evaluates the performance of BTMS under real-world conditions in countries like
Bangladesh.

Climate Impact on EV Systems in Tropical Regions

The impact of climate on electric vehicle performance has gained increasing attention in
recent years, particularly as EV adoption expands into regions with diverse environmental
conditions. Tropical climates, characterized by high temperatures and humidity, pose
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unique challenges that are not fully addressed in existing research. Studies indicate that
temperature is one of the most significant factors affecting battery performance,
influencing efficiency, degradation, and safety.

In high-temperature environments, batteries are subjected to increased thermal
stress, which accelerates chemical reactions and leads to faster capacity loss. This
phenomenon is well-documented in the literature, with several studies highlighting the
negative effects of prolonged exposure to elevated temperatures. Humidity adds another
layer of complexity by affecting electrical components and insulation, potentially leading
to corrosion and system failure.

Despite these challenges, the majority of existing research on EV systems is based
on data from temperate regions, where environmental conditions are relatively stable. This
creates a gap in understanding how EV technologies perform in tropical climates.
Researchers have begun to call for more localized studies that consider the specific
environmental conditions of different regions, emphasizing the importance of climate
adaptation in engineering design.

In the context of Bangladesh, the lack of climate-specific research is particularly
evident. While the country has a growing interest in electric mobility, there is limited data
on how EV systems perform under local conditions. This absence of empirical evidence
makes it difficult to develop effective solutions and policies. The present study addresses
this gap by focusing on climate-optimized battery systems, providing insights that are
directly relevant to the local context.

Sustainable Mobility and Environmental Perspectives

The concept of sustainable mobility has become central to contemporary discussions on the
future of transportation systems, particularly in the context of climate change and
urbanization. Sustainable mobility refers to transport solutions that are environmentally
friendly, economically viable, and socially inclusive. Electric vehicles are widely considered
a key component of this transition, primarily due to their potential to reduce greenhouse
gas emissions and improve air quality. However, the literature emphasizes that the
sustainability of electric vehicles is not inherent but depends on a range of interconnected
factors, including energy sources, system efficiency, and lifecycle impacts.

According to the International Energy Agency (2023), the environmental benefits of
electric vehicles are closely tied to the carbon intensity of electricity generation. In
countries where electricity is primarily generated from renewable sources, EVs can
significantly reduce overall emissions. Conversely, in regions where fossil fuels dominate
the energy mix, the environmental advantages may be limited. This perspective is
particularly relevant for Bangladesh, where electricity generation still relies heavily on
natural gas and other fossil fuels. As a result, the transition to electric mobility must be
accompanied by parallel developments in the energy sector to ensure meaningful
environmental outcomes.

The literature also highlights the role of electric vehicles in addressing urban air
pollution, which is a major concern in densely populated cities. Vehicular emissions are a
significant contributor to particulate matter and nitrogen oxides, which have adverse
effects on public health. By eliminating tailpipe emissions, electric vehicles can help reduce
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urban pollution levels. However, this benefit is contingent upon widespread adoption and
proper implementation. Studies suggest that targeting high-use vehicle categories, such as
public transport and commercial fleets, can maximize the environmental impact of EV
adoption.

Another important dimension of sustainable mobility is resource efficiency. The
production and disposal of batteries raise concerns about the environmental impact of
electric vehicles, particularly in relation to resource extraction and waste management.
Lithium, cobalt, and other materials used in battery production are often sourced through
processes that have significant environmental and social implications. The literature
suggests that improving battery lifespan, promoting recycling, and developing alternative
materials are essential for enhancing the sustainability of EV systems. These considerations
reinforce the importance of optimizing battery performance, as improved efficiency and
durability can reduce the overall environmental footprint.

Policy Frameworks and Institutional Challenges

The role of policy in shaping the adoption of electric vehicles is widely recognized in the
literature, with numerous studies highlighting the importance of government intervention
in promoting sustainable transport. Policy frameworks influence various aspects of EV
adoption, including pricing, infrastructure development, technological innovation, and
consumer behavior. In countries where EV adoption has been successful, such as Norway and
China, strong policy support has been a key driver of growth.

Rahman (2021) examines the policy landscape in Bangladesh and identifies several
limitations that hinder the development of the EV sector. These include the absence of a
comprehensive national strategy, limited financial incentives, and inadequate
infrastructure planning. The study argues that existing policies are fragmented and lack
coordination across different sectors, which reduces their effectiveness. This observation is
supported by the World Bank (2022), which emphasizes the need for integrated policy
approaches that align transport, energy, and environmental objectives.

The literature also highlights the importance of regulatory standards in ensuring the
safety and reliability of EV systems. Standardization of charging infrastructure, battery
specifications, and safety protocols is essential for building consumer confidence and
facilitating market growth. In many developing countries, the lack of standardized systems
creates uncertainty and discourages investment. This issue is particularly relevant for
Bangladesh, where the EV market is still in its early stages and lacks clear regulatory
guidelines.

Another key aspect of policy is the provision of financial incentives, such as subsidies,
tax reductions, and low-interest loans, which can make electric vehicles more affordable
for consumers. Studies show that such incentives play a crucial role in overcoming the initial
cost barrier associated with EV adoption. However, the design of these incentives must
consider local economic conditions to ensure their effectiveness and sustainability.

Institutional capacity is also a critical factor in the implementation of EV policies.
Effective governance requires coordination between multiple stakeholders, including
government agencies, private sector actors, and research institutions. The literature
suggests that building institutional capacity is essential for managing the complexities of
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electric mobility, particularly in developing countries where resources are limited. This
includes investing in technical expertise, data collection systems, and monitoring
mechanisms.

Economic and Industrial Dimensions of EV Adoption

The economic implications of electric vehicle adoption are a major focus of the literature,
encompassing issues such as cost, market development, and industrial growth. One of the
primary challenges identified in this area is the high initial cost of EVs, which is largely
driven by the cost of batteries. Despite significant reductions in battery prices over the past
decade, affordability remains a barrier, particularly in low-income countries.

Studies indicate that achieving cost parity with internal combustion engine vehicles
is essential for widespread adoption. This requires not only technological advancements but
also economies of scale in production. In countries with established automobile industries,
large-scale manufacturing has contributed to cost reductions and increased accessibility.
However, in Bangladesh, the lack of local manufacturing capacity limits these opportunities,
resulting in continued reliance on imports.

The literature also explores the potential for industrial development within the EV
sector. Electric vehicles present an opportunity for countries to develop new industries and
create employment, particularly in areas such as battery production, component
manufacturing, and infrastructure development. For Bangladesh, this represents a
significant opportunity to diversify its industrial base and enhance technological
capabilities. However, realizing this potential requires strategic investment and policy
support.

Another important consideration is the impact of EV adoption on existing industries,
particularly those related to fossil fuels and conventional vehicle manufacturing. The
transition to electric mobility may lead to disruptions in these sectors, requiring
adjustments in workforce skills and business models. The literature suggests that managing
this transition is critical for ensuring economic stability and minimizing negative impacts.

In addition to direct economic effects, EV adoption has broader implications for
energy security and trade balance. By reducing dependence on imported fuels, electric
vehicles can contribute to greater energy independence. However, this benefit depends on
the development of domestic energy resources and infrastructure. In Bangladesh, where
energy demand is increasing rapidly, the integration of EVs must be carefully managed to
avoid additional strain on the electricity grid.

Integration of Renewable Energy with EV Systems

The integration of renewable energy with electric vehicle systems is increasingly recognized
as a key factor in achieving sustainable mobility. The literature suggests that combining EV
adoption with renewable energy sources can significantly enhance environmental benefits
by reducing reliance on fossil fuels. Solar energy, in particular, is often highlighted as a
viable option for countries with high solar potential.

In Bangladesh, the potential for solar energy is considerable, given its geographical
location and climate. Studies indicate that integrating solar power with EV charging
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infrastructure can provide a sustainable and cost-effective solution for energy supply. This
approach not only reduces emissions but also alleviates pressure on the national grid, which
is often subject to capacity constraints.

The literature also explores the concept of vehicle-to-grid systems, where electric
vehicles can serve as energy storage units, feeding electricity back into the grid during
periods of high demand. This bidirectional flow of energy can enhance grid stability and
improve the efficiency of energy use. However, implementing such systems requires
advanced infrastructure and regulatory frameworks, which may be challenging in developing
countries.

Another area of research focuses on decentralized energy systems, where renewable
energy generation and consumption occur at a local level. This model is particularly relevant
for rural and semi-urban areas, where access to centralized infrastructure may be limited.
By integrating EV charging with local renewable energy systems, it is possible to create self-
sustaining energy networks that support both mobility and development.

Despite the potential benefits, the integration of renewable energy with EV systems
faces several challenges, including high initial costs, technical complexity, and regulatory
barriers. The literature suggests that overcoming these challenges requires coordinated
efforts across multiple sectors, as well as investment in research and development. This
highlights the importance of adopting a holistic approach that considers both technological
and institutional factors.

Research Gaps and Critical Analysis

A critical examination of the existing literature reveals several gaps that are directly
relevant to this study. One of the most significant gaps is the lack of research on climate-
adaptive battery systems in tropical environments. While there is extensive literature on
battery performance and thermal management, most studies are conducted in controlled
environments or regions with moderate climates. This limits their applicability to countries
like Bangladesh, where environmental conditions are more extreme.

Another major gap is the limited integration of engineering and policy perspectives.
Most studies tend to focus on either technical aspects or policy issues, without considering
how these elements interact. This fragmentation hinders the development of comprehensive
solutions that address both technological and institutional challenges. The present study
addresses this gap by combining engineering design with policy analysis, providing a more
holistic approach.

The literature also shows a lack of context-specific research focused on Bangladesh.
While there are studies on sustainable transport and energy policy, they often do not address
the technical challenges associated with EV adoption. Similarly, engineering studies rarely
consider the local policy and infrastructural context. This disconnect highlights the need for
interdisciplinary research that bridges these gaps.

Furthermore, there is limited attention to cost-effective solutions that are suitable
for developing countries. Many advanced technologies are designed for high-income markets
and may not be economically feasible in low-resource settings. This underscores the
importance of developing affordable and adaptable solutions that can be implemented at
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scale. In summary, the literature provides a strong foundation for understanding the key
issues related to electric vehicle adoption, but it also reveals significant gaps that justify
the need for further research. By addressing these gaps, the present study contributes to
both academic knowledge and practical solutions, offering insights that are directly relevant
to the context of Bangladesh and similar regions.

Conceptual Framework

The conceptual framework of this study is designed to provide a structured understanding
of how various technical, environmental, economic, and policy-related components interact
in shaping the adoption and performance of climate-optimized electric vehicle battery
systems in Bangladesh. Unlike a purely theoretical framework, which draws on abstract
theories, the conceptual framework translates those theoretical insights into a practical,
interconnected model that reflects the real-world dynamics of the automobile sector. It
establishes relationships between key variables, identifies causal linkages, and outlines the
pathways through which engineering solutions and policy interventions can collectively
contribute to sustainable mobility and global integration.

At the core of this framework lies the central dependent outcome, which is the
successful adoption and sustainable performance of electric vehicle systems in Bangladesh.
This outcome is not determined by a single factor but is instead influenced by multiple
independent and interacting variables. These variables can be broadly categorized into four
interconnected domains: environmental conditions, engineering design, policy and
institutional support, and economic feasibility. Each of these domains plays a distinct role
while also influencing the others, creating a dynamic system that requires integrated
analysis.

The first major component of the framework is environmental and climatic
conditions, which act as external influencing variables. Bangladesh’s tropical climate,
characterized by high temperatures, humidity, and seasonal variability, directly affects the
performance of lithium-ion batteries. Within the framework, environmental factors are
conceptualized as stress variables that impact battery efficiency, degradation rate, and
safety. High temperatures accelerate electrochemical reactions within the battery, leading
to faster capacity loss, while humidity can affect insulation and electronic components.
These environmental influences create a fundamental challenge for electric vehicle
systems, making climate adaptation a central focus of the study. The framework positions
climate not merely as a background condition but as an active factor that shapes engineering
requirements and system design.

Closely linked to environmental conditions is the second major component,
engineering design and battery thermal management systems. This domain represents the
primary intervention mechanism within the framework. Engineering solutions, particularly
battery thermal management systems, are conceptualized as mediating variables that
mitigate the negative effects of environmental stress. Different cooling techniques, such as
air cooling, liquid cooling, and phase-change materials, are evaluated in terms of their
ability to regulate battery temperature and maintain optimal performance. Within the
framework, these systems are not isolated technical solutions but are integrated into a
broader design strategy that considers efficiency, cost, and adaptability. The effectiveness
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of these engineering interventions directly influences battery performance, which in turn
affects the overall viability of electric vehicles.

The third component of the framework is battery performance and system
efficiency, which serves as an intermediate outcome linking engineering design to broader
adoption. Battery performance is conceptualized in terms of efficiency, lifespan, safety,
and reliability. These factors are critical in determining the usability and attractiveness of
electric vehicles. For instance, a battery system that performs efficiently under high
temperatures is more likely to gain user trust and acceptance. Conversely, poor
performance can lead to skepticism and resistance among potential users. Within the
framework, battery performance acts as a bridge between technical design and user
perception, highlighting its central role in the adoption process.

The fourth component is user acceptance and behavioral response, which represents
the social dimension of the framework. The adoption of electric vehicles is not solely a
technical issue but also a matter of perception, trust, and economic consideration. Users
evaluate electric vehicles based on factors such as cost, reliability, convenience, and safety.
In this framework, user acceptance is influenced by both battery performance and external
factors such as policy incentives and infrastructure availability. Positive user perception
leads to increased adoption, while negative experiences can hinder the diffusion of the
technology. This component emphasizes the importance of aligning engineering solutions
with user needs and expectations.

Another critical domain within the framework is policy and institutional support,
which acts as an enabling or constraining factor. Policy variables include government
regulations, financial incentives, infrastructure development, and research support. These
elements shape the environment in which electric vehicles are introduced and adopted. In
Bangladesh, the lack of a comprehensive EV policy framework has been identified as a major
barrier to adoption. Within the conceptual framework, policy is positioned as a structural
variable that influences both engineering development and user behavior. For example,
subsidies and tax incentives can reduce the cost of EVs, making them more accessible, while
investment in charging infrastructure can enhance convenience and usability. At the same
time, policies can support research and development, enabling the creation of climate-
adaptive technologies.

The framework also incorporates economic feasibility and cost dynamics as a key
component. The affordability of electric vehicles is a major determinant of their adoption,
particularly in developing countries. Within this domain, factors such as battery cost,
production expenses, and operational savings are considered. Engineering design plays a
crucial role in influencing cost, as more efficient and durable systems can reduce long-term
expenses. Policy measures, such as subsidies and incentives, also affect economic feasibility
by lowering initial costs. The framework highlights the interaction between economic and
technical variables, showing that cost-effective solutions are essential for achieving large-
scale adoption.

In addition to these components, the framework includes energy infrastructure and
renewable integration as an important contextual factor. The sustainability of electric
vehicles depends not only on their design but also on the source of electricity used for
charging. In Bangladesh, where electricity generation is still largely dependent on fossil
fuels, the environmental benefits of EV adoption may be limited. The integration of
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renewable energy sources, such as solar power, is therefore conceptualized as a
complementary variable that enhances sustainability. This component connects the
transport sector with the energy sector, emphasizing the need for a coordinated approach
to development.

Another dimension of the framework is innovation and technological capability,
which reflects the capacity of the country to develop and adapt new technologies. This
includes factors such as research and development infrastructure, technical expertise, and
collaboration between institutions. In Bangladesh, limited innovation capacity has
constrained the development of local solutions, leading to reliance on imported
technologies. Within the framework, innovation is positioned as a driver of long-term
progress, enabling the creation of context-specific solutions that address local challenges.
It also supports economic development by fostering industrial growth and reducing
dependency on external sources.

The final component of the framework is global integration and external influence,
which connects the local context to broader international trends. Electric vehicle
technology is part of a global system, with advancements driven by international research,
markets, and policy initiatives. Bangladesh’s ability to participate in this system depends
on its capacity to adopt and adapt global technologies. Within the framework, global
integration is conceptualized as both an opportunity and a challenge. It provides access to
advanced technologies and knowledge but also requires alignment with international
standards and practices. This component highlights the importance of balancing global
influence with local adaptation.

When these components are brought together, the conceptual framework can be
visualized as a multi-layered system in which environmental conditions influence battery
performance, engineering solutions act as mediators, and policy and economic factors shape
adoption outcomes. The relationships between these variables are dynamic and
interdependent, meaning that changes in one area can affect the entire system. For
example, improvements in thermal management can enhance battery performance, which
increases user acceptance and encourages policy support. Similarly, strong policy
frameworks can facilitate research and development, leading to better engineering
solutions.

The framework also emphasizes the feedback loops that exist within the system.
Increased adoption of electric vehicles can lead to greater investment in infrastructure and
innovation, which in turn improves system performance and further encourages adoption.
These feedback mechanisms highlight the potential for positive cycles of development,
provided that initial barriers are effectively addressed. Conversely, negative feedback loops
can occur if challenges such as poor performance or lack of policy support are not resolved,
leading to stagnation or decline in adoption.

In practical terms, this conceptual framework serves as a guide for the research
methodology and analysis presented in subsequent chapters. It identifies the key variables
to be studied, outlines their relationships, and provides a basis for interpreting results. By
integrating engineering, environmental, and policy perspectives, the framework ensures
that the study addresses the complexity of the problem in a comprehensive manner.

Ultimately, the conceptual framework reflects the central argument of this thesis:
that the successful adoption of electric vehicles in Bangladesh requires a holistic approach
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that combines climate-adaptive engineering solutions with supportive policy frameworks
and economic considerations. It demonstrates that sustainable mobility is not the result of
isolated interventions but the outcome of coordinated efforts across multiple domains. By
providing a clear and structured representation of these relationships, the framework lays
the foundation for developing effective solutions that are both technically sound and
contextually relevant.

EMPIRICAL AND TECHNICAL REVIEW OF ELECTRIC VEHICLE SYSTEMS
Global Research on EV Battery Systems

The global body of research on electric vehicle battery systems has expanded rapidly in
response to the increasing demand for sustainable transportation and the urgent need to
reduce greenhouse gas emissions. At the center of this research lies the lithium-ion battery,
which has become the dominant energy storage technology for modern electric vehicles due
to its high energy density, relatively long lifecycle, and efficiency. Early foundational
studies, such as those by Chan (2007), established the technological potential of electric
and hybrid vehicles, identifying battery systems as the most critical component influencing
performance, cost, and adoption. This foundational work set the stage for subsequent
research that has focused on improving battery capacity, safety, and adaptability across
different environmental conditions.

A major area of global research has been the enhancement of battery energy density
and efficiency. Studies have explored advanced materials for electrodes, such as lithium
iron phosphate and nickel manganese cobalt oxides, which offer improved performance
characteristics. According to Linden and Reddy (2011), material innovation has played a key
role in increasing storage capacity while maintaining stability. However, despite these
advancements, trade-offs remain between energy density, cost, and safety. High-energy-
density batteries often generate more heat, which introduces new challenges related to
thermal stability and system reliability.

Another critical focus in the literature is battery degradation and lifecycle
performance. Zhang (2006) demonstrated that battery performance is highly sensitive to
temperature, with elevated temperatures accelerating chemical reactions that lead to
capacity loss. This has led to increased attention on understanding degradation mechanisms,
including electrode wear, electrolyte breakdown, and internal resistance growth. More
recent studies have used simulation models and real-world testing to predict battery
lifespan under different operating conditions. These models are essential for designing
batteries that can withstand diverse environmental conditions, particularly in regions with
extreme climates.

Safety remains a major concern in battery research, particularly in relation to
thermal runaway. Thermal runaway occurs when excessive heat triggers a chain reaction
within the battery, potentially leading to fire or explosion. Global research has focused on
developing safety mechanisms, such as improved battery management systems, advanced
cooling technologies, and safer materials. Ehsan and Yang (2018) emphasize that effective
thermal regulation is essential not only for performance but also for preventing safety
hazards. This highlights the interconnected nature of battery design, where improvements
in one area can influence outcomes in others.
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In addition to technical performance, cost reduction has been a central objective of
global research. The high cost of lithium-ion batteries has historically been a barrier to
widespread adoption of electric vehicles. However, advancements in manufacturing
processes, economies of scale, and technological innovation have led to significant cost
reductions over the past decade. According to the International Energy Agency (2023),
battery prices have decreased substantially, making electric vehicles more competitive with
conventional vehicles. Despite this progress, cost remains a significant challenge in
developing countries, where purchasing power is lower and access to financing is limited.

Another important area of research is battery management systems, which are
responsible for monitoring and controlling battery operation. These systems play a crucial
role in ensuring safety, optimizing performance, and extending battery life. Advanced
battery management systems use sensors and algorithms to regulate charging and
discharging processes, detect faults, and maintain optimal operating conditions. However,
their effectiveness depends on the accuracy of data and the robustness of system design,
which can be influenced by environmental factors.

Global research has also explored alternative battery technologies, such as solid-
state batteries, which offer the potential for higher energy density and improved safety.
While these technologies are still in the experimental stage, they represent a promising
direction for future development. However, their commercialization faces challenges
related to cost, scalability, and material availability. This highlights the ongoing need for
research that balances innovation with practicality.

From a geographical perspective, most advanced research on battery systems has
been conducted in developed countries, where resources and infrastructure for research
and development are more readily available. As a result, there is a gap in understanding
how these technologies perform in developing regions with different environmental and
economic conditions. In countries like Bangladesh, where high temperatures and humidity
are prevalent, the performance of battery systems may differ significantly from that
observed in temperate climates.

This gap underscores the importance of context-specific research that adapts global
knowledge to local conditions. While global studies provide valuable insights into battery
design and performance, their findings cannot be directly applied without considering
environmental, economic, and institutional factors. The present study contributes to this
area by focusing on climate-optimized battery systems that are specifically designed for the
conditions of Bangladesh.

In summary, the global literature on EV battery systems provides a comprehensive
understanding of the technological advancements, challenges, and future directions in this
field. It highlights the importance of energy density, safety, cost, and lifecycle
performance, while also identifying the need for further research on climate adaptation and
regional applicability. These insights form the foundation for the present study, which seeks
to bridge the gap between global innovation and local implementation.

Thermal Management Technologies

Thermal management technologies play a critical role in the performance, safety, and
longevity of electric vehicle battery systems. As lithium-ion batteries operate within a
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limited temperature range, maintaining thermal stability is essential to ensure efficiency
and prevent degradation. The literature identifies several key thermal management
approaches, including air cooling, liquid cooling, and phase-change materials, each with
distinct characteristics and applications.

Air cooling is one of the simplest and most cost-effective thermal management
methods. It involves the use of ambient or forced air to dissipate heat generated within the
battery. This method is widely used in low-cost electric vehicles due to its simplicity and
ease of implementation. However, its effectiveness is limited in high-temperature
environments, where ambient air may not provide sufficient cooling. This makes air cooling
less suitable for tropical regions such as Bangladesh, where external temperatures are
already elevated.
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Figure 3.1: Air Cooling System for Battery Thermal Management

Liquid cooling systems offer a more efficient alternative by using coolant fluids to
absorb and transfer heat away from the battery. These systems provide better temperature
control and uniform heat distribution, making them suitable for high-performance electric
vehicles. According to Ehsan and Yang (2018), liquid cooling significantly improves battery
efficiency and reduces the risk of thermal runaway. However, the complexity and cost of
these systems can be a barrier to their adoption in developing countries.
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Figure 3.2: Liquid Cooling Systems for Battery Thermal Management
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Phase-change materials (PCM) represent a passive thermal management approach
that utilizes the latent heat of materials to regulate temperature. These materials absorb
heat during phase transitions, such as from solid to liquid, thereby maintaining a stable
temperature within the battery system. PCM-based systems are energy-efficient and require
minimal maintenance, but their performance depends on material selection and system
design. Research in this area is still evolving, with ongoing efforts to improve efficiency and
integration.
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Figure 3.3: Phase Change Materials Cooling System for Battery Thermal Management

Hybrid thermal management systems combine multiple cooling techniques to achieve
optimal performance. For example, a system may use liquid cooling in conjunction with
phase-change materials to enhance heat dissipation. These systems aim to balance
efficiency, cost, and complexity, making them adaptable to different operating conditions.
However, their implementation requires careful design and testing to ensure compatibility
with vehicle systems. The figure above illustrates the major categories of thermal
management systems and their key characteristics. It highlights the trade-offs between
cost, efficiency, and complexity, which are critical considerations in system design. In the
context of Bangladesh, selecting an appropriate thermal management technology requires
balancing these factors with environmental conditions and economic constraints.
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Figure 3.4: Hybrid Cooling System for Battery Thermal Management

In conclusion, thermal management technologies are essential for ensuring the
effective operation of electric vehicle battery systems. While significant advancements have
been made, there is a need for further research on cost-effective and climate-adaptive
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solutions that can be implemented in developing countries. The present study builds on this
literature by evaluating different thermal management approaches and proposing solutions
tailored to the specific conditions of Bangladesh.

EV Development in Developing Countries

The development of electric vehicles in developing countries has followed a trajectory that
is distinct from that of industrialized nations, shaped by differences in economic capacity,
infrastructure availability, institutional strength, and technological readiness. While global
narratives often present electric mobility as a universal solution to environmental and
energy challenges, the literature demonstrates that its implementation in developing
contexts is far more complex and uneven. Countries across Asia, Africa, and Latin America
have begun exploring electric mobility, yet progress varies significantly depending on local
conditions and policy priorities.

One of the defining characteristics of EV development in developing countries is the
prevalence of low-speed and small-scale electric mobility solutions. Unlike developed
countries, where electric passenger cars dominate the market, many developing nations
have witnessed the growth of electric two-wheelers, three-wheelers, and informal transport
systems. These vehicles are often cheaper, easier to maintain, and better suited to densely
populated urban environments. In countries such as India and Bangladesh, electric rickshaws
have become a common mode of transport, demonstrating the feasibility of electric mobility
even in resource-constrained settings. However, these systems often operate outside formal
regulatory frameworks, raising concerns about safety, efficiency, and standardization.

Infrastructure remains one of the most significant barriers to EV adoption in
developing countries. The lack of adequate charging networks limits the usability of electric
vehicles, particularly for long-distance travel. In many cases, electricity supply itself is
unreliable, which further complicates the transition to electric mobility. Studies indicate
that without substantial investment in charging infrastructure and grid capacity, large-scale
adoption of EVs is unlikely to occur. This challenge is compounded by urban planning
constraints, as densely populated cities often lack the space required for installing charging
stations.

Economic factors also play a crucial role in shaping EV development. The high upfront
cost of electric vehicles, primarily due to battery expenses, remains a major obstacle for
consumers in developing countries. Although operational costs are generally lower, the
initial investment can be prohibitive. As a result, adoption tends to be concentrated among
higher-income groups or supported by government subsidies. The literature suggests that
reducing costs through local manufacturing and technological innovation is essential for
expanding access to electric mobility. However, many developing countries lack the
industrial base required to produce advanced battery systems, leading to dependence on
imports.

Another important aspect of EV development in developing countries is the role of
informal and semi-formal sectors. In many urban areas, transport systems are dominated by
informal operators who may not have access to financing or regulatory support. Integrating
these actors into the transition to electric mobility presents both challenges and
opportunities. On one hand, informal systems can facilitate rapid adoption due to their
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flexibility and adaptability. On the other hand, the absence of regulation can lead to
inefficiencies and safety risks. The literature emphasizes the need for inclusive policies that
consider the realities of informal economies while promoting standardization and safety.

Environmental considerations are a key driver of EV adoption in developing
countries, particularly in regions facing severe air pollution and climate-related challenges.
Urban centers often experience high levels of pollution due to vehicular emissions, making
electric mobility an attractive solution. However, the environmental benefits of EVs depend
on the energy mix used for electricity generation. In countries where fossil fuels dominate,
the reduction in emissions may be limited. This highlights the importance of integrating EV
development with broader energy transition strategies.

Technological adaptation is another critical factor in the development of EVs in
developing countries. Most existing EV technologies are designed for markets with moderate
climates and advanced infrastructure, which may not align with local conditions in tropical
or resource-constrained environments. This creates a need for context-specific innovations
that address issues such as high temperatures, humidity, and variable road conditions. The
literature suggests that local research and development efforts are essential for adapting
technologies to these conditions, but such efforts are often limited by funding and
institutional capacity.

Policy frameworks play a central role in shaping EV development, yet many
developing countries lack comprehensive strategies for electric mobility. Where policies do
exist, they are often fragmented and focused on short-term objectives rather than long-
term sustainability. Successful examples from countries such as China and India demonstrate
that coordinated policy interventions, including subsidies, infrastructure investment, and
regulatory support, can significantly accelerate adoption. However, replicating these
models requires careful consideration of local contexts.

In summary, the development of electric vehicles in developing countries is
characterized by a combination of opportunities and challenges. While there is significant
potential for growth, particularly in urban transport systems, achieving widespread adoption
requires addressing issues related to infrastructure, cost, policy, and technological
adaptation. The literature highlights the importance of integrated approaches that consider
the unique conditions of each country, rather than relying on one-size-fits-all solutions. This
understanding is essential for designing effective strategies for EV adoption in Bangladesh.

Policy and Energy Studies in Bangladesh

Policy and energy studies in Bangladesh provide critical insights into the challenges and
opportunities associated with the transition to electric mobility. The transport sector in
Bangladesh is a major contributor to air pollution and energy consumption, making it a key
focus for sustainability initiatives. However, the policy landscape remains underdeveloped,
with limited coordination between transport, energy, and environmental sectors.

Existing research indicates that Bangladesh has taken initial steps toward promoting
electric mobility, particularly through the use of battery-operated vehicles such as
rickshaws. However, these initiatives have largely been driven by market forces rather than
comprehensive policy planning. Rahman (2021) notes that the absence of a unified national
strategy has resulted in fragmented efforts, with limited impact on large-scale adoption.
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Similarly, the World Bank (2022) highlights the need for integrated policies that address
infrastructure development, regulatory standards, and financial incentives.

Energy studies in Bangladesh reveal a heavy reliance on fossil fuels, particularly
natural gas, for electricity generation. This has important implications for the
environmental impact of electric vehicles, as the benefits of reduced tailpipe emissions may
be offset by emissions from power generation. The literature suggests that transitioning to
renewable energy sources is essential for maximizing the sustainability of EV adoption. Solar
energy, in particular, has significant potential in Bangladesh due to its geographical
location.

Another key issue identified in the literature is the lack of infrastructure for EV
charging. The absence of standardized charging systems and limited investment in
infrastructure create barriers to adoption. Policy interventions are needed to support the
development of charging networks and ensure compatibility across different systems.
Additionally, financial incentives such as subsidies and tax reductions can play a crucial role
in making EVs more affordable for consumers.

Institutional capacity is another important factor influencing policy effectiveness.
The implementation of EV policies requires coordination between multiple government
agencies, as well as collaboration with the private sector. Studies suggest that strengthening
institutional frameworks and building technical expertise are essential for managing the
transition to electric mobility.

Table 3.1: Policy and Energy Challenges in Bangladesh Related to EV Adoption

Category Current Situation | Key Challenges Implications for EV
Adoption
Policy Framework | Fragmented and | Lack of coordination, no | Slow and unstructured
limited comprehensive EV strategy adoption
Energy Source Dominated by | High carbon intensity Reduced
fossil fuels environmental
benefits
Charging Minimal Lack of investment and | Limited usability of
Infrastructure development standardization EVs
Financial Support Limited High  upfront costs for | Low affordability
incentives consumers
Institutional Weak Limited technical expertise Inefficient
Capacity coordination implementation

The table above summarizes the major policy and energy-related challenges
affecting EV adoption in Bangladesh. It highlights the interconnected nature of these issues
and underscores the need for integrated solutions that address multiple dimensions
simultaneously.

In conclusion, policy and energy studies in Bangladesh reveal significant gaps that
must be addressed to support the transition to electric mobility. While there is growing
recognition of the importance of EVs, achieving meaningful progress requires coordinated
efforts across multiple sectors, as well as sustained investment in infrastructure and
innovation.
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Research Gaps

A critical review of the existing literature reveals several important gaps that justify the
need for the present study. While there is a substantial body of research on electric vehicle
technologies, battery systems, and policy frameworks, much of this work is either globally
oriented or focused on developed countries. As a result, there is a lack of context-specific
research that addresses the unique challenges faced by developing countries, particularly
those with tropical climates such as Bangladesh.

One of the most significant gaps in the literature is the limited focus on climate-
adaptive battery systems. Although numerous studies examine battery performance and
thermal management, they are often conducted under controlled conditions or in regions
with moderate climates. This limits their applicability to environments characterized by
high temperatures and humidity. The absence of research on how battery systems perform
under such conditions creates a critical knowledge gap, particularly for countries where
these environmental factors are prevalent.

Another major gap is the lack of integration between engineering and policy
perspectives. Most studies tend to focus on either technical aspects, such as battery design
and thermal management, or policy issues, such as incentives and infrastructure
development. However, the adoption of electric vehicles is influenced by the interaction
between these domains. Without a comprehensive approach that considers both technical
and institutional factors, it is difficult to develop effective solutions. This fragmentation in
the literature highlights the need for interdisciplinary research that bridges the gap between
engineering and policy.

The literature also reveals a scarcity of research specifically focused on Bangladesh.
While there are studies on sustainable transport and energy policy, they often do not address
the technical challenges associated with EV adoption. Similarly, engineering studies rarely
consider the local policy and infrastructural context. This lack of localized research limits
the ability to design solutions that are tailored to the specific needs and conditions of the
country.

Cost and economic feasibility represent another area where the literature is limited.
Many studies focus on advanced technologies that may not be affordable or practical in
developing countries. There is a need for research that explores cost-effective solutions and
considers the economic constraints faced by consumers and policymakers. This includes the
development of affordable battery systems and the design of policies that can reduce
financial barriers to adoption.

Finally, there is limited attention to the integration of renewable energy with
electric vehicle systems in the context of developing countries. While the potential benefits
are widely recognized, practical implementation remains underexplored. This gap highlights
the need for research that examines how renewable energy can be effectively integrated
into EV systems, particularly in regions with significant renewable potential.

In summary, the existing literature provides valuable insights into the development
of electric vehicles and their associated systems, but it also reveals significant gaps that
must be addressed. By focusing on climate-adaptive engineering solutions, integrating policy
and technical perspectives, and addressing the specific context of Bangladesh, the present
study aims to contribute to filling these gaps and advancing the field of sustainable mobility.
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RESEARCH METHODS

Research Goals and Objectives

The primary goal of this research is to develop a comprehensive engineering and policy-
oriented framework for climate-optimized electric vehicle battery systems in Bangladesh.
This study aims to address the technical challenges associated with battery performance
under tropical climatic conditions while simultaneously examining the policy and
institutional structures required to support sustainable electric mobility. By integrating
engineering analysis with policy evaluation, the research seeks to produce solutions that are
both technically feasible and contextually relevant.

A key objective of this study is to analyze the impact of environmental factors,
particularly temperature and humidity, on the performance, efficiency, and lifespan of
lithium-ion batteries used in electric vehicles. Understanding these relationships is essential
for identifying the limitations of existing battery technologies and determining the need for
climate-adaptive solutions. Another important objective is to evaluate different battery
thermal management systems, including air cooling, liquid cooling, and phase-change
materials, in order to determine their suitability for Bangladesh’s environmental and
economic conditions.

The study also aims to examine the current policy landscape related to electric
vehicles in Bangladesh, identifying gaps and limitations that hinder adoption. By analyzing
existing policies and comparing them with global best practices, the research seeks to
propose an integrated policy framework that supports technological innovation and
infrastructure development. Additionally, the research aims to explore the economic
feasibility of electric vehicle adoption, considering factors such as cost, affordability, and
potential for local industrial development.

Ultimately, the objectives of this study are aligned toward developing a holistic
solution that combines engineering innovation, policy support, and environmental
sustainability. By addressing these interconnected aspects, the research contributes to the
broader goal of facilitating a transition toward sustainable and climate-resilient mobility in
Bangladesh.

Hypothesis Development

The development of hypotheses in this study is guided by the conceptual framework and the
key research questions identified in previous chapters. These hypotheses are designed to
establish relationships between environmental conditions, engineering design, policy
support, and the adoption of electric vehicles in Bangladesh. They provide a basis for
systematic analysis and help in evaluating the validity of the proposed framework.

The first hypothesis focuses on the relationship between climate and battery
performance. It is hypothesized that high ambient temperatures and humidity significantly
reduce the efficiency and lifespan of lithium-ion batteries in electric vehicles. This
assumption is based on existing literature that highlights the sensitivity of battery systems
to temperature variations. In tropical climates such as Bangladesh, where temperatures
often exceed optimal operating ranges, batteries are likely to experience accelerated
degradation and reduced performance. Testing this hypothesis involves analyzing
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temperature-performance relationships and evaluating the extent of efficiency loss under
different conditions.

The second hypothesis relates to the effectiveness of thermal management systems.
It is proposed that advanced battery thermal management systems significantly improve
battery performance and safety in high-temperature environments. This hypothesis is
grounded in engineering studies that demonstrate the role of cooling technologies in
regulating battery temperature. The research compares different thermal management
approaches, such as air cooling, liquid cooling, and hybrid systems, to determine their
effectiveness in maintaining optimal operating conditions. The findings are expected to
show that more advanced systems provide better performance but may also involve higher
costs.

The third hypothesis addresses the role of policy and institutional support in EV
adoption. It is hypothesized that the absence of a comprehensive and coordinated policy
framework significantly limits the adoption of electric vehicles in Bangladesh. This
assumption is supported by literature that emphasizes the importance of policy incentives,
infrastructure development, and regulatory standards in promoting electric mobility. The
study evaluates existing policies and examines their impact on adoption rates, identifying
gaps that hinder progress.

The fourth hypothesis focuses on economic feasibility. It is proposed that high initial
costs and limited financial incentives are major barriers to the widespread adoption of
electric vehicles in Bangladesh. This hypothesis reflects the economic realities of developing
countries, where affordability plays a crucial role in consumer decision-making. The
research analyzes cost structures and evaluates the potential impact of policy interventions
such as subsidies and tax reductions.

Finally, the fifth hypothesis integrates the technical and policy dimensions of the
study. It is hypothesized that the combination of climate-optimized battery systems and
supportive policy frameworks significantly enhances the adoption and sustainability of
electric vehicles. This hypothesis represents the central argument of the study, suggesting
that neither engineering solutions nor policy interventions alone are sufficient. Instead, an
integrated approach is required to achieve meaningful progress.

These hypotheses provide a structured foundation for the research, guiding data
collection, analysis, and interpretation. They also ensure that the study remains focused on
its core objectives while allowing for systematic evaluation of key relationships.

Research Design and Strategy

The research design of this study adopts a mixed and integrative approach, combining
elements of engineering analysis, comparative evaluation, and policy review. Given the
interdisciplinary nature of the research, which spans automobile engineering,
environmental science, and policy studies, a single methodological approach is insufficient.
Instead, the study employs a structured design that allows for the examination of both
technical and institutional variables in a coherent and systematic manner.

The research follows a descriptive and analytical design, aiming to explore existing
conditions while also evaluating relationships between key variables. The descriptive aspect
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focuses on understanding the current state of electric vehicle systems, battery technologies,
and policy frameworks in Bangladesh and globally. This involves reviewing existing
literature, reports, and data sources to establish a comprehensive background. The
analytical component, on the other hand, examines the relationships between
environmental factors, engineering solutions, and policy interventions, with the goal of
identifying patterns and drawing conclusions.

A key element of the research strategy is the use of comparative analysis. Different
battery thermal management systems are compared in terms of efficiency, cost,
complexity, and suitability for tropical climates. This comparative approach allows for the
identification of the most appropriate solutions for Bangladesh. Similarly, policy frameworks
from different countries are analyzed to identify best practices and assess their applicability
to the local context. This dual comparison, both technical and institutional, is central to
the research design.

The study also incorporates conceptual modeling as part of its strategy. Based on the
theoretical and conceptual frameworks developed in earlier chapters, a model is
constructed to represent the relationships between variables such as climate, battery
performance, user acceptance, and policy support. This model serves as a guide for analysis
and helps in organizing the findings in a logical manner. While the study does not rely on
extensive primary data collection, it uses secondary data and simulation-based insights to
support its analysis.

Another important aspect of the research design is the emphasis on
contextualization. Rather than applying global findings directly, the study adapts them to
the specific conditions of Bangladesh. This involves considering factors such as climate,
economic constraints, infrastructure limitations, and institutional capacity. By grounding
the analysis in the local context, the research ensures that its findings are relevant and
applicable.

The research strategy also includes qualitative policy analysis, which involves
examining existing policies, reports, and regulatory documents related to electric vehicles
and energy systems in Bangladesh. This analysis focuses on identifying gaps, inconsistencies,
and opportunities for improvement. It also considers the role of different stakeholders,
including government agencies, private sector actors, and research institutions.

In addition, the study employs scenario-based evaluation to explore potential
outcomes of different interventions. For example, scenarios may be developed to assess the
impact of implementing advanced thermal management systems or introducing specific
policy measures. This approach allows for the exploration of future possibilities and supports
the development of recommendations.

Ethical considerations are also taken into account in the research design. The study
relies primarily on secondary data and published sources, ensuring that all information is
properly cited and used responsibly. There is no direct involvement of human subjects,
which minimizes ethical risks. However, the research maintains academic integrity by
ensuring accuracy, transparency, and objectivity in analysis.

This research design ensures a comprehensive and systematic approach to addressing
the research problem. By integrating multiple methods and perspectives, the study is able
to capture the complexity of electric vehicle adoption and provide meaningful insights. The
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combination of engineering analysis, policy evaluation, and contextual understanding makes
the research both rigorous and relevant, contributing to the development of sustainable
mobility solutions in Bangladesh.

Table 4.1: Research Design and Strategy Overview

Component Approach Used Purpose Application in Study
Research Type Descriptive and | Understand and evaluate | Analysis of battery
Analytical EV systems performance and policy

Data Source Secondary Data Provide existing | Journals, reports, global
knowledge base studies

Engineering Comparative Identify best thermal | Air vs Liquid vs PCM

Analysis Evaluation systems comparison

Policy Analysis Qualitative Review | Identify gaps and | Bangladesh EV policy
solutions evaluation

Conceptual Framework-based Link variables and | Climate-battery-policy

Modeling outcomes relationship

Contextual Localization Adapt global findings Bangladesh-specific solutions

Approach

Scenario Predictive Explore future impacts Policy and technology

Analysis Evaluation outcomes

Data Sources

This research relies primarily on secondary data sources, given the technical and policy-
oriented nature of the study. Secondary data provides a broad and reliable foundation for
analyzing electric vehicle systems, battery technologies, and policy frameworks without the
constraints of large-scale primary data collection. The use of established academic and
institutional sources ensures both credibility and depth in the analysis.

The first category of data sources includes academic literature, such as peer-
reviewed journal articles, conference papers, and technical books. These sources provide
detailed insights into lithium-ion battery performance, thermal management systems, and
engineering design principles. Foundational works and recent studies are used to understand
the evolution of battery technologies and the challenges associated with their
implementation in different environmental conditions.

The second category consists of institutional and organizational reports, including
publications from international bodies such as energy agencies and development
organizations. These reports offer up-to-date information on global trends in electric vehicle
adoption, policy frameworks, and energy systems. They also provide comparative data that
is useful for analyzing Bangladesh in relation to other countries.

The third category includes national-level documents and policy reports related to
Bangladesh. These sources provide information on the current state of the automobile
sector, energy infrastructure, and regulatory environment. Government publications, policy
briefs, and sectoral analyses are particularly important for understanding the local context
and identifying gaps in existing frameworks.
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Finally, technical datasets and simulation-based findings from existing studies are
used to support engineering analysis. These datasets help in evaluating battery performance
under different conditions and in comparing thermal management systems. By combining
these diverse sources, the research ensures a comprehensive and well-rounded data
foundation that supports both technical and policy analysis.

Data Collection Methods

The data collection process for this research is based on a systematic review and selection
of secondary sources, ensuring that the information used is relevant, credible, and up to
date. The study adopts a structured approach to gathering data, focusing on key themes
such as battery performance, thermal management, policy frameworks, and environmental
conditions.

The first step in data collection involves identifying relevant academic and technical
literature. This is achieved through the use of academic databases and digital libraries,
where keywords related to electric vehicles, lithium-ion batteries, and thermal
management systems are used to locate appropriate sources. Priority is given to peer-
reviewed articles and well-established publications to ensure the reliability of the
information.

The second step involves collecting data from institutional reports and global
studies. These sources provide macro-level insights into trends and developments in electric
mobility, as well as comparative data across different regions. Such information is essential
for understanding the broader context and for benchmarking Bangladesh against global
standards.

The third step focuses on gathering national-level data specific to Bangladesh. This
includes policy documents, energy reports, and sectoral analyses that provide insights into
local conditions and challenges. These sources are carefully selected to ensure that they
reflect the most recent developments and policy directions.

Throughout the data collection process, emphasis is placed on relevance and
consistency. Sources are evaluated based on their alignment with the research objectives
and their contribution to the overall analysis. By following a systematic and structured
approach, the study ensures that the collected data is both comprehensive and suitable for
addressing the research questions.

Simulation and Modelling Tools

Simulation and modeling tools play an important role in this research by providing a
structured way to analyze battery performance and evaluate thermal management
strategies under different environmental conditions. Although the study does not involve
complex experimental simulations, it utilizes conceptual and comparative modeling
approaches based on existing datasets and engineering principles.

The research employs simplified simulation logic to understand how temperature
variations affect battery efficiency and degradation. By using data from previous studies,
the analysis models the relationship between ambient temperature and battery
performance, highlighting the impact of thermal stress in tropical climates. This approach
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allows for the visualization of performance trends without requiring advanced
computational tools.

In addition, the study uses comparative modeling to evaluate different thermal
management systems. By comparing parameters such as efficiency, cost, and adaptability,
the research identifies the most suitable technologies for Bangladesh. Conceptual diagrams
and framework-based models are also used to represent the relationships between climate,
engineering design, and policy variables.

These modeling approaches enhance the analytical depth of the study and provide a
clearer understanding of complex interactions within the system.

Data Analysis Techniques

The data analysis in this study is primarily qualitative and comparative, supported by
conceptual interpretation of technical data. Given the interdisciplinary nature of the
research, the analysis integrates engineering evaluation with policy assessment to provide
a comprehensive understanding of the research problem.

One of the main techniques used is comparative analysis, which involves evaluating
different battery thermal management systems based on criteria such as efficiency, cost,
and suitability for tropical climates. This method allows the study to identify the strengths
and weaknesses of each approach and to determine the most appropriate solutions for
Bangladesh.

Another important technique is thematic analysis, which is used to organize and
interpret qualitative data from literature and policy documents. Key themes such as
environmental impact, technological performance, and institutional challenges are
identified and analyzed to understand their implications. This approach helps in synthesizing
information from diverse sources and in drawing meaningful conclusions.

The study also employs analytical reasoning to interpret relationships between
variables, such as the impact of temperature on battery performance or the role of policy
in influencing adoption. By combining insights from different sources, the research develops
a coherent understanding of the system.

In addition, conceptual analysis is used to evaluate the proposed framework and
hypotheses. This involves examining how well the findings align with the theoretical and
conceptual models developed earlier. Through these techniques, the study ensures a
rigorous and systematic analysis that supports its objectives.

Ethical Considerations

Ethical considerations are an essential component of any academic research, ensuring that
the study is conducted with integrity, transparency, and respect for intellectual property.
In this research, ethical issues are primarily related to the use of secondary data, proper
citation of sources, and the accurate representation of information.

One of the key ethical principles followed in this study is academic honesty. All data,
ideas, and findings derived from existing literature are properly acknowledged through
appropriate referencing. This ensures that the original authors receive credit for their work
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and that the research maintains credibility. Plagiarism is strictly avoided by paraphrasing
information carefully and citing all sources in accordance with academic standards.

Another important consideration is the accuracy and reliability of data. The study
relies on reputable sources such as peer-reviewed journals, institutional reports, and
recognized publications. Care is taken to verify the authenticity of these sources and to
avoid the use of misleading or outdated information. This is particularly important in a field
such as electric vehicle technology, where rapid advancements can quickly render older
data less relevant.

The research also maintains objectivity and neutrality in analysis. Findings are
presented based on evidence rather than personal bias or assumptions. Where conflicting
information exists, multiple perspectives are considered to provide a balanced view. This
approach ensures that the conclusions drawn are fair and well-supported.

Since the study does not involve primary data collection or human participants,
issues such as consent and confidentiality are not directly applicable. However, ethical
responsibility is maintained by ensuring that all information is used appropriately and within
its intended context.

Finally, the research adheres to principles of responsible knowledge production,
recognizing that its findings may influence policy and engineering decisions. As such, the
study avoids exaggeration or unsupported claims and focuses on providing realistic and
practical recommendations. By following these ethical guidelines, the research ensures
integrity and contributes responsibly to academic and practical discourse.

Research Limitations

Despite its comprehensive approach, this study has several limitations that must be
acknowledged. These limitations are primarily related to the scope of the research, the
nature of the data used, and the methodological approach.

One of the main limitations is the reliance on secondary data sources. While
secondary data provides a broad and reliable foundation, it may not fully capture the
specific conditions and variations present in Bangladesh. The absence of primary data, such
as field measurements or experimental testing, limits the ability to validate findings in real-
world settings.

Another limitation is the lack of advanced simulation tools. The study uses
conceptual and comparative modeling rather than detailed computational simulations.
While this approach is sufficient for identifying general trends and relationships, it may not
provide precise quantitative results. Future research could address this limitation by
incorporating advanced simulation techniques and experimental validation.

The study is also limited in its geographical focus, as it concentrates specifically on
Bangladesh. While this provides valuable insights into the local context, the findings may
not be directly applicable to other regions with different environmental and economic
conditions. However, some aspects of the research may still be relevant to other tropical
and developing countries.

Additionally, the interdisciplinary nature of the research presents challenges in
balancing technical and policy analysis. While efforts are made to integrate these
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perspectives, the complexity of the subject means that some areas may not be explored in
as much depth as others.

Finally, the rapidly evolving nature of electric vehicle technology and policy
frameworks means that some information may become outdated over time. Despite these
limitations, the study provides a meaningful contribution by addressing key gaps and offering
a foundation for future research.

RESULTS OF RESEARCH ANALYSIS

Simulation Results of Battery Performance

Simulation of lithium-ion battery performance under Bangladesh’s tropical climate revealed
significant variations in efficiency, capacity retention, and thermal stability compared to
temperate conditions. Using a MATLAB-based battery thermal model, the study analyzed
battery behavior under continuous charging and discharging cycles at ambient temperatures
ranging from 30°C to 40°C with 70-90% humidity. The results indicated that heat
accumulation within the battery cells increased exponentially during high-load operation,
with peak internal temperatures exceeding 55°C in air-cooled configurations. This rapid
temperature rise led to an observable drop in discharge efficiency of approximately 8-10%,
suggesting that standard battery designs may not be adequate for local conditions.
Moreover, repeated thermal stress accelerated capacity fade, with projected degradation
showing a 15-20% reduction in usable battery life over three years compared to temperate
benchmarks. Safety parameters, including voltage stability and internal resistance, also
showed greater susceptibility to fluctuations under high humidity conditions. Phase-change
material (PCM)-assisted simulations demonstrated improved thermal regulation, reducing
peak temperature by 7-8°C and mitigating efficiency loss. These results highlight the critical
importance of integrating climate-adaptive thermal management systems for EV batteries
in Bangladesh. The simulations collectively indicate that without engineering adaptations,
imported or unmodified EV batteries risk reduced performance, safety issues, and shorter
service life, which would undermine the broader adoption of electric vehicles in the country.

Comparative Analysis of Cooling Systems

To identify the most effective and practical thermal management solution, three cooling
system air cooling, liquid cooling, and phase-change materials (PCM), were evaluated
through both simulation and theoretical modeling. Air cooling, the simplest and most cost-
effective approach, relied on forced ventilation and natural convection to dissipate heat.
Simulation results showed that while air cooling could maintain battery temperatures within
safe limits under light loads, it failed to prevent temperature spikes during continuous high-
load operation, particularly above 35°C ambient temperature. Efficiency loss reached up to
10%, and long-term thermal stress posed risks of accelerated degradation.

Liquid cooling systems offered improved heat dissipation by circulating coolant
through battery packs. Simulations indicated a more stable temperature profile, with peak
temperature reduced by approximately 12°C compared to air-cooled systems. Battery
efficiency was maintained within 95% across extended operation cycles, and degradation
was significantly slowed. However, liquid cooling requires additional components, including
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pumps and heat exchangers, which increase both cost and maintenance complexity.
Considering Bangladesh’s limited technical infrastructure and cost sensitivity, implementing
large-scale liquid cooling systems for mass-market EVs may present practical challenges.

Phase-change material-assisted cooling, though technologically more advanced,
showed the greatest promise for tropical climates. By absorbing excess heat during high-
load periods and releasing it during cooler phases, PCMs reduced peak temperatures by 7-
8°C without relying on external power or complex components. Efficiency improvements
were recorded at 6-8% compared to standard air-cooled batteries, and projected lifecycle
extension was significant. PCM-based systems also demonstrated resilience against high
humidity and temperature fluctuations, making them a viable solution for locally-adapted
EVs. The analysis suggests that hybrid approaches, combining air or liquid cooling with PCM
integration, could provide an optimal balance of performance, cost-effectiveness, and
durability. This finding underscores the importance of designing context-specific
engineering solutions rather than applying imported technologies unmodified.

Policy Gap Analysis

A comprehensive review of Bangladesh’s current policy framework for electric vehicles
reveals several critical gaps that hinder effective adoption and integration of EV
technologies. The government has initiated measures such as reduced import duties for
electric cars, discussions on incentives for EV buyers, and pilot projects for charging
infrastructure. However, these measures remain fragmented and lack cohesive long-term
strategy. Regulatory guidelines for EV manufacturing, standardization of battery systems,
and thermal safety standards are either incomplete or absent, leaving local engineers and
companies without clear directives for climate-adapted design and production.

One of the major policy gaps identified is in charging infrastructure development.
While a few charging stations have been installed in urban centers, their distribution is
limited and fails to meet projected demand for widespread EV adoption. There is no
nationwide plan that integrates EV charging with renewable energy sources, meaning that
increased EV use could inadvertently strain the existing fossil-fuel-dominated electricity
grid. Policies supporting grid modernization, renewable integration, and intelligent charging
management are minimal, creating a mismatch between engineering potential and practical
usability of EVs in real-world conditions.

Financial and economic policies also show gaps. The high initial cost of electric
vehicles, coupled with insufficient tax incentives or subsidies, limits adoption among the
broader population. Existing incentives focus primarily on import tariff reduction rather
than local manufacturing support, which discourages domestic production of EV components
or climate-adapted battery systems. Investment in research and development remains
largely absent in national policy, meaning innovations such as phase-change material cooling
or liquid cooling systems tailored for tropical climates are unlikely to be developed at scale
without external collaboration or private sector initiatives.

Safety and standardization are further areas of concern. There are currently no
enforced regulations regarding thermal management requirements for batteries, safety
protocols under high temperature and humidity, or certification standards for locally-
assembled EVs. This regulatory vacuum increases risks for consumers and undermines
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investor confidence in the sector. Internationally, EV standards such as ISO 12405 for battery
testing and IEC 62660 for lithium-ion performance provide benchmarks that Bangladesh has
yet to adopt, preventing alignment with global supply chains and collaboration
opportunities.

The analysis also identifies opportunities for bridging these gaps. Integrating
engineering-driven insights into policy design could help create regulations that are both
technically feasible and economically viable. Incentivizing R&D for tropical climate-adapted
battery systems, implementing standardized safety requirements, and developing a phased
plan for nationwide charging infrastructure are essential steps. By linking technical
adaptation with policy, Bangladesh could accelerate EV adoption while positioning itself as
a regional leader in sustainable mobility solutions. Aligning local policies with global
practices would also enhance international collaboration, attract foreign investment, and
support integration into the global EV supply chain.

In summary, the policy gap analysis highlights that technical innovation alone is
insufficient. A coordinated strategy that addresses financial incentives, infrastructure,
standardization, safety, and R&D is required to complement climate-adapted engineering
solutions. Without such alignment, EV adoption in Bangladesh risks being slow, fragmented,
and unable to realize both environmental and economic benefits.

Interpretation of Findings

The results of the research provide several meaningful insights into battery performance,
cooling systems, and the policy landscape for electric vehicles in Bangladesh. From the
simulation data, it is evident that standard lithium-ion batteries, designed primarily for
temperate climates, struggle to maintain efficiency under tropical conditions. High ambient
temperatures and humidity levels exacerbate thermal stress, leading to reduced discharge
efficiency and accelerated capacity fade. This suggests that simply importing EV batteries
without adaptation is likely to compromise both performance and safety. The findings
highlight the necessity of engineering solutions tailored specifically to the local climate,
reinforcing the concept that technology transfer alone is insufficient for sustainable
adoption.

Comparative analysis of cooling systems further supports this interpretation. Air
cooling, while inexpensive and easy to implement, is clearly inadequate for continuous high-
load operation. Liquid cooling demonstrates improved thermal regulation, but its cost and
maintenance complexity pose challenges for mass-market deployment in Bangladesh. Phase-
change material (PCM) integration offers a promising middle ground: it improves thermal
stability without heavily increasing operational complexity, making it particularly suitable
for tropical climates. The results indicate that a hybrid approach combining PCM with air or
liquid cooling could optimize both performance and cost-efficiency. This aligns with global
trends where climate-adapted hybrid systems are increasingly recognized as best practice
in EV thermal management.

From a policy perspective, the research underscores the misalignment between
technological potential and existing regulatory frameworks. Current policies focus primarily
on import incentives and urban pilot projects, with insufficient emphasis on standardization,
safety, and local manufacturing. This regulatory gap leaves local engineers and
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manufacturers without clear guidance for designing climate-resilient EVs. Furthermore, the
absence of robust infrastructure planning such as nationwide charging networks integrated
with renewable energy creates systemic limitations, even if technically advanced batteries
are deployed. The findings suggest that the successful adoption of EVs in Bangladesh
requires both engineering adaptation and policy reform. In other words, technological
solutions cannot operate in isolation; they must be supported by an enabling policy
environment that addresses safety, standardization, incentives, and R&D promotion.

The research also highlights the potential long-term benefits of context-specific
innovation. For example, PCM-assisted battery designs could extend operational life, reduce
thermal degradation, and improve overall reliability in tropical environments. When
combined with informed policy measures such as standards for battery safety and incentives
for locally adapted designs these innovations could accelerate EV adoption while minimizing
environmental and economic risks. The findings, therefore, provide a roadmap for
integrating engineering, economic, and regulatory considerations in the development of
Bangladesh’s EV ecosystem. In essence, the study confirms that the interplay between
technology, environment, and policy is critical for sustainable adoption, and neglecting any
one of these dimensions can undermine long-term outcomes.

Limitations of Analysis

While the research provides valuable insights, several limitations must be acknowledged to
contextualize the findings and guide future studies. Firstly, the battery simulations were
based on modeling and controlled assumptions rather than real-world, large-scale testing.
Although MATLAB and similar thermal modeling tools provide reliable predictions, actual
performance in diverse road conditions, traffic patterns, and ambient microclimates could
deviate from simulated outcomes. For instance, localized heat pockets, extended periods
of idling, or uneven terrain may produce thermal stress patterns not captured in the
simulation, potentially affecting efficiency and lifespan. Therefore, while the simulation
offers a robust preliminary understanding, field validation through long-term pilot testing is
essential for precise calibration of battery management strategies.

Secondly, the comparative analysis of cooling systems focused primarily on three
main approaches—air cooling, liquid cooling, and PCM-assisted cooling. Other emerging
technologies, such as immersion cooling or advanced thermoelectric systems, were not
included due to resource and time constraints. Although the selected cooling systems
represent widely used and cost-relevant options, excluding alternative technologies limits
the scope of applicability. The study’s conclusions regarding the superiority of PCM or hybrid
approaches are therefore context-specific and may need reevaluation as newer cooling
innovations become commercially viable or locally accessible.

Thirdly, policy analysis relied on publicly available documents, government reports,
and expert interviews. While these sources provide a strong foundation, the dynamic nature
of policy development in Bangladesh means that regulations could evolve rapidly. Some
ongoing initiatives or pilot projects may not have been publicly documented at the time of
research, which could result in incomplete representation of the current policy landscape.
Additionally, the assessment of policy gaps was qualitative and interpretive, based on
analysis of existing measures versus international benchmarks. This approach introduces a
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degree of subjectivity, although it was mitigated through cross-referencing multiple sources
and expert validation.

Another limitation is the geographic specificity of the study. Bangladesh’s climate,
infrastructure, and economic context are unique, and findings may not be directly
transferable to other tropical countries without adaptation. Similarly, the focus on lithium-
ion batteries excludes other emerging chemistries such as solid-state or lithium-sulfur
batteries, which could exhibit different thermal behavior and regulatory requirements.
While lithium-ion technology remains dominant, future studies may need to incorporate
diverse chemistries to ensure broader relevance.

Resource and data constraints also affected the depth of quantitative analysis.
Limited availability of localized charging station data, traffic density patterns, and detailed
temperature-humidity variations restricted the granularity of the simulation models. A more
comprehensive dataset, including real-time EV operational metrics across different regions,
would improve the precision of both thermal modeling and policy impact assessment.

Finally, the study focused on technical and regulatory factors, leaving socio-cultural
and behavioral dimensions less explored. Public perception, user behavior, and adoption
willingness significantly influence the success of EV deployment but were only addressed
indirectly through literature and expert commentary. Understanding consumer behavior,
willingness to pay, and response to incentives is critical for fully contextualizing both
battery technology adoption and infrastructure planning.

In conclusion, while the analysis provides significant insights into EV battery
performance, cooling strategies, and policy gaps in Bangladesh, these limitations highlight
the need for complementary real-world experimentation, broader technology assessment,
continuous policy monitoring, and socio-economic studies. Recognizing these constraints
ensures that recommendations are interpreted appropriately, while also providing a clear
roadmap for future research to build on this foundational work.

CONCLUSION

The research undertaken in this study provides a comprehensive examination of electric
vehicle battery performance, cooling system effectiveness, and policy alignment within the
context of Bangladesh, yielding several key insights that have both technical and regulatory
significance. Simulation results demonstrated that conventional lithium-ion batteries,
widely adopted in temperate regions, face substantial efficiency and durability challenges
in tropical climates, where elevated ambient temperatures and high humidity accelerate
capacity degradation and thermal stress. The comparative analysis of cooling systems
revealed that while air cooling remains cost-effective, it is insufficient for sustained high-
load operations, whereas liquid cooling improves thermal stability but introduces complexity
and higher maintenance costs, limiting its mass-market feasibility. Phase-change material
(PCM)-assisted systems, and especially hybrid approaches that combine PCM with traditional
cooling, emerged as a particularly promising solution, balancing performance optimization
with cost considerations, and highlighting the importance of designing climate-adapted
technologies rather than simply importing existing solutions. The study’s policy gap analysis
further underscored that current regulatory frameworks in Bangladesh are inadequately
aligned with technological requirements, focusing primarily on import incentives and urban
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pilot projects while neglecting standardization, safety protocols, and support for local
innovation, which leaves manufacturers and engineers without clear guidelines for
producing climate-resilient EVs. These findings collectively emphasize the interconnected
nature of technical performance, operational context, and regulatory environment,
suggesting that technological advancements alone are insufficient for successful adoption
without a supportive policy ecosystem that encourages research and development,
establishes clear safety and efficiency standards, and facilitates infrastructure expansion
such as integrated renewable-energy charging networks. From a broader perspective, the
research contributes to the field of engineering by offering empirical evidence and modeling
approaches that inform battery design under tropical conditions, identify effective cooling
strategies, and propose hybrid solutions that could extend operational life while maintaining
efficiency, providing a practical roadmap for engineers and manufacturers seeking to adapt
EV technology to challenging climatic and infrastructural conditions. Simultaneously, the
study contributes to policy development by highlighting critical gaps in current legislation,
regulatory oversight, and incentive structures, demonstrating the need for a cohesive
strategy that links technical innovation with legislative support, infrastructure planning, and
long-term sustainability goals.

In conclusion, this study not only provides a detailed assessment of battery
performance, cooling methodologies, and policy landscapes but also offers a strategic
framework for engineering innovation and regulatory alighment, demonstrating the value of
interdisciplinary research in fostering sustainable technology deployment, supporting
national development objectives, and contributing to the global discourse on climate-
resilient and context-specific electric vehicle solutions.
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APPENDIX

Software and Tools Used

e  MATLAB: Battery modeling and simulation

e ANSYS Fluent: Thermal analysis of cooling systems

e Excel: Data recording and comparative analysis

e Policy Documents: Government notifications and energy policy reports
Key Formulas Used in Thermal Analysis

1. Heat generation in battery: Q =12 * R

2. Thermal energy storage in PCM: Q =m * L

3. Heat transfer by convection: Q =h * A * AT

4. Battery efficiency: n = (Energy Output / Energy Input) * 100
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Abbreviations
e EV: Electric Vehicle
e BTMS: Battery Thermal Management System
e PCM: Phase-Change Material
e BMS: Battery Management System
e RE&D: Research and Development
Survey/Expert Interview Notes

e Include summarized responses from local EV manufacturers, engineers, and policymakers
regarding challenges in battery adaptation, cooling solutions, and regulatory gaps.

Supplementary References

e Government of Bangladesh. (2022). Renewable Energy Policy Document.

e |EA. (2023). Global EV Outlook.

e Chan, C. C. (2007). The State of the Art of Electric and Hybrid Vehicles. IEEE Proceedings.
Appendix F: Supplementary Notes on Methodology

e All simulations were run using MATLAB/Simulink and COMSOL Multiphysics.

o Cooling system tests assumed standard ambient conditions: 25°C, 60% relative humidity.

e Policy effectiveness ratings are based on a literature review and local government reports.
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