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Abstract: With rapid urbanization and population growth, there has been a significant increase in the
demand for public transport. Fossil-fuel-based internal combustion vehicles are increasingly fulfilling
the transport demand and are creating negative impact on the environment. Electric three-wheeler
(E3W) vehicles have better prospects in public transport in Bangladesh. The demand and usage of
E3W vehicles are increasing rapidly because of their pollution-free and passenger-friendly services.
However, there are many challenges, including vehicle stability, regulation, energy supply, battery
disposal, etc. This paper discusses the prospects and challenges of the E3Ws in Bangladesh in terms of
technological and environmental aspects. The paper addresses the issues of E3W, such as existing
structural problems, inherent limitations, consequences of uncontrolled battery charging, and im-
proper battery disposal. Potential solutions to tackle these challenges have been suggested for future
sustainable transport in Bangladesh. An overview of existing policies regarding E3W in Bangladesh
has been presented, and some recommendations have been made to facilitate the integration of E3Ws
in the public transport domain. A review of the technologies can provide a base for strategic E3W
policy for the next generation of sustainable transport policies and can help policymakers to frame
strategies aiming for clean technology and sustainable development of the transportation system in
Bangladesh.
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1. Introduction

Rapid urbanization and industrialization call for higher mobility in the transporta-
tion sector, especially for developing countries such as Bangladesh. With the increasing
demand for transportation, the dependency on fossil fuels increases, further worsening
Bangladesh’s air pollution problem. According to World Air Quality Report 2021 [1], the
average annual particulate matter 2.5 (PM 2.5) concentration in Bangladesh is 76.9 ug/m3,
which is more than 50 times of World Health Organization (WHO) guideline (0-5 pg/m?3)
making Bangladesh the most air-polluted country in the world. Fossil fuel-run vehicles
account for 80% of air pollution [2], likely to persist or rise with increasing dependency
on fossil fuel-run transportation [3]. Replacing the ICE vehicles with battery-driven elec-
tric vehicles can tackle the air pollution problem, as the electric vehicles are inherently
tailpipe emission free [4]. Unlike in the developed countries, Bangladesh lacks proper in-
frastructure and policy for electric mobility in public and private transportation. Despite
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limited scopes, the electric three-wheeler (E3W) vehicle has come out as a potential solu-
tion to tackle the air pollution problem and meet the higher mobility transportation de-
mand, especially for the non-metropolitan areas of cities, rural and suburban areas. Cur-
rently, E3W is being perceived as a major form of public transport, mostly in suburban
and rural areas in Bangladesh. Besides Bangladesh, these vehicles are widely used in
countries such as India, China, Nepal, Thailand, Indonesia, Philippines, Tanzania, etc. [5-
10] in various names such as Easy Bike, E-Bike, E-Trike, Auto rickshaw, City Bike, etc. [11-
13]. The E3Ws have received wide acceptance mainly because of inexpensive fare rates,
smoke- and noise-free service, and the ability to cope with rough road conditions. They
are also a source of employability for many people [13,14]. However, integrating the E3Ws
with the public transport sector brings about challenges raising concerns over sustainabil-
ity. In the near past, the primary concern was the significant demand for electricity for
charging purposes, which remains to date [15,16]. However, today, the focus has shifted
toward the fact that these vehicles are prone to accidents, and the number of passengers
suffering physical disability from the E3W vehicles is also increasing day by day [17]. The
main reasons identified are these vehicles’” poor braking and suspension systems [14]. The
E3Ws are accident-prone and frequently cause traffic congestion. The life span of the
E3Ws significantly reduces by the substandard quality of the battery charger [8]. Despite
being environmentally friendly, the improper battery charging and disposal of batteries
cause pollution, which harms human health [8,14]. However, despite the problems asso-
ciated with the E3Ws, a complete shutdown of these E3Ws usages is very unlikely, con-
sidering their socioeconomic aspects. Research is being conducted to address the issues
related to the E3Ws. There are research studies regarding the braking and suspension sys-
tem of the E3Ws [18,19] and the frame design of these vehicles [11]. The authors of [15,16]
show how overnight charging of E3W is likely to impose negative pressure on the national
grid in terms of high-power requirements. Demand-side management proposes to miti-
gate such a problem [20]. Renewable energy can incorporate into the charging infrastruc-
ture of the E3Ws [5,21-23]. The socioeconomic aspects show why electric three-wheelers
are so popular among middle- and low-income earners in urban and rural areas [24,25].
Various types of research have been conducted to highlight different factors associated
with the E3Ws. However, these factors are mostly interdependent. For example, the bat-
tery capacity and motor quality determine the possible range of the E3W vehicles [26].
Battery health depends greatly on the quality of the charger [14]. The charger and battery
capacity determine these vehicles” energy consumption, which impacts the grid [20].
Moreover, the safety of the passengers and drivers depends on the proper functioning of
these vehicles’” braking and suspension systems [18,19,27]. However, such interdepend-
ency of these factors of E3Ws has not been broadly explored.

The number of E3Ws is increasing t” mee’ the passenger’s demand for affordable and
noise- and pollution-free transportation. It is vital to investigate the prospect and chal-
lenges that E3W possess to facilitate a robust integration in public transportation. The au-
thors feel the necessity of concrete reporting on the E3W that considers all aspects of E3Ws
in light of a developing country such as Bangladesh. Therefore, the research aims to pre-
sent the prospect and challenges of E3Ws in Bangladesh and explore the feasible and sus-
tainable solutions to the challenges so that the policymakers can be facilitated to develop
infrastructure, policies, and schemes to regulate the increasing number of E3Ws success-
fully. The novelty of the work is that it draws an overall picture of E3Ws, including its
prospect, challenges, and possible solutions in light of Bangladesh, which can provide
necessary insight to the general public, researchers, and policymakers of Bangladesh and
other countries. The contributions of this work to the scientific community are pointed
out below:

e  Exploration of the prospect of E3Ws in Bangladesh, which can be assessed in other
developing and underdeveloped countries;
. Proper information on E3Ws technical components and their current attributes;



Sustainability 2023, 15, 149

3 of 27

e Investigation of the possible challenges of E3Ws in technical and environmental as-
pects;

e Propose feasible and sustainable solutions to the challenges that are under present
Bangladesh’s socioeconomic condition;

e Overview of current and proposed policies concerning E3Ws;

e  Propose recommendations for the policymakers to facilitate their decision making;

e  Figure out the possible direction for future research regarding E3Ws.

The paper is designed as follows. Section 2 presents a literature review. Section 3 pro-
vides the prospects of E3W in Bangladesh. Section 4 provides an overview of technologies
associated with E3Ws. Section 5 describes the methodology adopted in this work. The find-
ings on the critical challenges of E3Ws in technological and environmental aspects and their
respective possible solutions are presented in Sections 6 and 7, respectively. Section 8 details
the policies associated with E3Ws and recommendations for policymakers. Section 9 points
out the scope for future research. Finally, Section 10 concludes.

2. Literature Review

E3Ws are a distinct category of electric vehicles (EVs). While there is no thorough
investigation on the prospect and challenges of E3Ws considering the various aspects of
a country, there has been research regarding the adaptation of other types of EVs in dif-
ferent countries in the world. An overview of EV prospects and challenges in developing
countries has been explored in [28], where the authors have focused on electric four-
wheelers (E4Ws) and electric two-wheelers (E2Ws). The authors in [29] have performed a
survey-based study on the prospect and challenges of electric vehicles in southeast Asian
countries to facilitate policymaking and have highlighted issues that can hamper electric
vehicle adaptation in those countries. The challenges of EV adoption in India have been
explored in [30], where the authors discuss the challenges involving financial and techno-
logical aspects while exploring possible solutions. An overview of the challenges of im-
plementing the electric vehicle culture in Malaysia has been presented in [31]. The authors
in [32] investigate factors that facilitate the adoption of EVs in Ireland, where the authors
highlighted the socio-demographic, psychographic, and behavioral factors that have in-
fluenced EV uptake. This research in [33] analyzes the factors that motivate the technically
sound customer to adopt EVs while providing engineers and policymakers with critical
information for developing future electric vehicle technology. Government intervention
to facilitate EV integration in Japan has been discussed in [34]. The authors in [35] provide
an assessment of the strengths and weaknesses of China’s electric vehicle technologies
and industry. An overview of EV technologies breakthrough, industrialization, and gov-
ernment policies in China has been provided in [36]. The authors in [37] provide a com-
parative analysis of consumer adoption of EVs in the United States and China despite
having similar EV subsidies. There have been some works that focus on specific aspects
of E3Ws in Indian aspects. The authors in [7] present an overview of E2Ws and E3Ws in
India. The potential of E3Ws as a source of employability has been discussed in [13]. The
authors in [38] present a techno-economic assessment of electric motors for E3Ws. The
environmental aspects of E3W adoption in India have been explored in [39], where the
authors show the reduction of emissions with systematical adoption of E3Ws in light of
real-world drive cycles.

3. Prospects of Electric Three-Wheelers in Bangladesh

E3Ws were first introduced in 2004 and were fully marketed by 2008, and around 1
million E3Ws are currently active in Bangladesh [15]. These vehicles play a significant role
in transport for short distances and intra-city transport systems in almost all major and
minor cities in Bangladesh. They fill the gap created because of either lack of conventional
public transport or their substandard performance. The E3Ws are suitable for regions with
low overall traffic speed [40]. These vehicles have low operating and initial costs resulting
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in a pretty reasonable fare for the riders, and passengers can have their desired noiseless
and smoke-free journey. An E3W can carry six to eight people at a time. Sharing the ride
is one of the distinctive features that make this transport more popular, as it reduces per-
head fare for the passengers. E3Ws roughly transport around 25 million passengers per
day in Bangladesh [41,42]. They have also become a viable source of employability for
many people [13]. It is estimated that E3Ws have provided employability to around 3 mil-
lion people, including drivers, assemblers, repairers, and automotive industries [42].

Conventional ICE vehicles are considered one of the significant sources of green-
house gases leading to global warming [43]. Fossil fuel exploration for ICE vehicles link
to global warming, which has become a significant concern, as the usage of such vehicles
is causing environmental degradation [44]. With rapid urbanization, motorization is in-
creasing, causing significant air pollution in the cities [23]. Bangladesh is currently battling
the world’s worst air quality, where its capital Dhaka is the second most air-polluted city
in the world [1,2,45]. Thus, environmentally friendly transport is imperative to the health
of hundreds of millions who dwell in densely packed cities [8]. Therefore, E3Ws can be
considered as a potential solution, as they use electricity for charging purposes and are
free from emissions. They consume lower energy than their ICE counterparts while
providing similar performance with the same weight [19]. Besides being environmentally
friendly, E3Ws are more economical than CNG-operated auto rickshaws. E3Ws are con-
sidered a potential alternative to CNG and LPG-based three-wheelers. These CNG and
LPG-based vehicles have a top speed of 55 km/h [23] and carry up to four passengers and
cargo. The speed is higher than E3Ws, which have a top speed of 40 to 45 km/h [12]. How-
ever, CNG and LPG are non-renewable energy sources. Using such vehicles increases the
dependence on depleting fossil fuel reserves and contributes to pollution problems by
emitting pollutants such as CO, HC, NOx, etc. On the contrary, E3W is tailpipe emission-
free. As a result, these vehicles do not have a negative impact on the environment as well
as public health. In addition, shifting toward E3W from CNG and LPG-based three-wheel-
ers will reduce overall emissions from the public transportation sector [39]. E3Ws are also
gaining popularity over conventional CNG-operated auto rickshaws from an economic
perspective because of the low manufacturing cost, maintenance, and daily expense of the
driver. An approximate cost comparison between a battery-powered E3W and a CNG-
powered auto rickshaw in 2013 has been presented in [25]. Table 1 shows the correspond-
ing comparison with the current inflation rate of Bangladesh [46].

Table 1. Cost comparison between an E3W and CNG operated auto rickshaw (adapted from [25]).

Factors CNG Operated Battery Operated
Auto Rickshaw Electric Three-Wheeler
Maintenance Cost (Monthly) 60-80 USD 40-60 USD
Daily Income (Driver) 20-24 USD 14-16 USD
Daily Expenses (Driver) 4-5USD 3-4 USD
Owner Daily Income 800 BDT (10 USD) 560 BDT (6.5 USD)

6000-8000 USD (from India),

Retail Cost (With Assembly) 6000-7000 USD (from China)

2375-2625 USD (from China)

Table 1 shows that an E3W has a manufacturing cost of approximately two to three
times lower than a CNG-operated auto rickshaw. Although the average income of a CNG
auto rickshaw driver is slightly higher than the E3W, lower maintenance costs and lower
daily expenses by an E3W driver compensate for the overall total cost of ownership. In
addition, the drivers are likely to favor the E3W over the CNG-operated auto rickshaw for
the promise of reduced fuel cost at constant investment cost [9].

The CNG auto rickshaw’s fuel economy ranges from 35 to 40 km/liter gas. Fuel con-
sumption varies with the transport demand. The availability of gas filling stations enables
the CNG auto rickshaws to have a comparatively higher range than E3Ws. E3W energy
consumption is about 14 km/kWh (e.g., maximum range 150 km [14] with an overnight
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charge of 11 kWh [20]. However, CNG auto-rickshaws and E3Ws are mainly used as intra-
city transportation media and travel almost identical distances on average. Therefore, the
higher mileage of the CNG auto rickshaw does not have a significant advantage over
E3Ws. As the transport demand is significantly high from day to evening time, E3Ws can
conveniently meet the demand from day to evening time while overnight charging [20,25].
Moreover, the batteries of an E3W can be used as a power supply to meet emergency
demands. An E3W can work both as a power supply and as a mobile power supply carrier
to meet the emergency requirement where a sudden arrangement of the generator may
not be possible [47].

4. Current Electric Three-Wheeler Technologies

E3Ws are imported from China or locally assembled with imported or locally manu-
factured parts in Bangladesh [20]. China is the largest manufacturer of E3Ws and associ-
ated parts of these vehicles. The common models of E3Ws available in Bangladesh are
Xinge, Dowedo, Jet Fighter, Mainbon Group, Gangchill, Xingebang, Jt Tricycle, Porag, and
Bagh [48,49]. This section presents an overview of E3Ws structure and technologies used
in Bangladesh.

4.1. Structure

E3Ws are generally recognized by their tin/iron body [12] as well as fiber-glass bod-
ies. The constructional aim of the E3W is to provide strength, durability, aesthetic look,
lightweight, and low maintenance [7]. It has one wheel in front and two at the back. It has
a seat for the driver with a passenger in the front, and in the rear, there are one or two
benches covering a seating arrangement of three to six passengers. An E3W has an open
door for both the driver and the passengers and thus allows for immediate pick-ups and
drop-offs [12]. The compact size and three-wheel mobility are suitable for flexible maneu-
verability on urban, suburban, and even rural roads [11]. The most common E3Ws are
Easy Bike and Mishuk in Bangladesh. The size and power requirements of Easy Bike are
comparatively higher than Mishuk. Figure 1 shows these two types of E3Ws.

(b)

Figure 1. Electric three-wheelers: (a) Easy Bike (b) Mishuk.

Mishuk, as a comparatively smaller E3W, can carry around 3—4 passengers. Mishuk
requires four batteries compared to five batteries for an Easy Bike and, therefore, requires
lower investments than an Easy Bike. Mishuk is suitable for the traffic-congested urban
environment for its compact size. However, Easy Bikes are more suitable for suburban
and rural areas and can carry around six to eight passengers. An Easy Bike has higher
operating power and ground clearance than Mishuk, making it highly suitable for rural
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and semi-urban roads. This paper focuses mostly on Easy Bikes as E3Ws in terms of struc-
tural specification and energy requirements because of their higher availability than
Mishuk. E3Ws have a general shape with minor deviation in dimensions. Table 2 shows
the structural specification of a typical E3W.

Table 2. E3W specification [50,51].

Specification Value
Overall length (mm) 2850
Overall width (mm) 1080
Overall height (mm) 1850
Wheelbase (mm) 2200
Ground clearance (mm) 250
Climbing ability (degree) 20

Tire (front and rear) 4.0-12 tubeless

Net weight (excluding battery) (Kg) 320

4.2. Battery

E3Ws are battery-powered electric vehicles equipped with four to six batteries of dif-
ferent sizes with a capacity of 8-11 kWh, depending on the vehicle size that connects to the
grid for charging [20,44]. Typical batteries used in electric vehicles are valved sealed lead
acid (VRLA) batteries, LiFePO4, nickel-metal hydride batteries, etc. Valved sealed lead acid
(VRLA) or lead acid batteries are commonly used for E3Ws worldwide because of cost con-
straints, availability, and safety [7,26]. Due to the availability of products from reputed man-
ufacturers, lead acid batteries are mainly used for E3Ws, and over 1.9 million batteries are
used annually in Bangladesh [14,20]. An E3W is typically powered by five 12-volt lead bat-
teries, which consume around 11 kWh overnight charging [20,22]. These lead acid batteries
are 180 AH (10.8 kWh) in capacity and are charged for around 8 to 10 h by the off-board
battery charger either in the charging station or at home at night. In the case of newly pur-
chased batteries, on a single charge, the vehicle can cover 140 to 150 km per day with a top
speed of approximately 40 to 45 km/h [12,14]. In the majority of cases, the highest life span
of the battery packs is 9 to 12 months [14,20]. Four of the five batteries are under the passen-
ger seat, and one is under the driver seat, as shown in Figure 2.

(a) ’ (b)

Figure 2. Lead acid battery pack location in E3W under (a) the passenger seat and (b) the driver
seat.

4.3. Battery Charger

An E3W is charged by a battery charger, which is expected to be simple and reliable.
There are two types of chargers available in the local market of Bangladesh such as copper
transformers and aluminum transformers [20]. These chargers are equipped with a charge
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controller (also known as an electronic control unit (ECU) often used to avoid problems
such as overcharging, waste of energy, environmental hazard, etc. [44]. Figure 3 shows
two types of commercially available E3W chargers, 60 and 48 Volt, respectively, where
the voltage labels are indicated on the front side of the chargers.

-

. 0

Power charge Pl
100%COPPER

Selct 12184

CHARGER Q
Dedicated to Electric Tricycle 4 s

60V

| ourruT

|07

(b)
Figure 3. Market-available Easy-Bike charger: (a) 60 Volt; (b) 48 Volt.

The E3W has battery pack capacities of 48, 60, and 72 Volts. Among them, 60 Volt is
the most common. It is generally made of five 12-Volt batteries, commonly charged over-
night around 10-12 h, and consumes an average of 8-11 kWh of electricity [15]. Generally,
the three-wheeler off-board charger connects to a single-phase AC plug for slow nighttime
charging. The charging time takes about 8 to 10 h, depending on the battery capacity and
depth of discharge [12].

4.4. Motor

Induction motor, Brushless DC (BLDC) motor, Synchronous motor, and Switched
Reluctance motor (SRM) are considered the main candidates for electric vehicles [26,52].
Permanent Magnet (PM) BLDC motor is widely used for E3W by manufacturers because
of its availability, lower cost, high power density, high performance, compactness, and
high efficiency [7,26]. In an E3W, the BLDC motor is accompanied by a motor controller.
The motor controller uses Hall sensors to detect the rotor position and produce logic sig-
nals to operate the BLDC motor [53,54]. Such a control arrangement is simple and lowers
the cost of the motor controller. Figure 4 shows a BLDC motor that uses in E3Ws.

Figure 4. A brushless DC motor used in E3Ws.

The corresponding specifications of the BLDC motor are listed in Table 3.
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Table 3. Specification of an E3W BLDC Motor [55,56].

Specification Value
Rated power (W) 1000
Rated voltage (V) 60

No-load speed (RPM) 3800
Rated speed (RPM) 3420
Rated current (A) 22
No-load current (A) 5
Rated torque (NM) 3.9
Maximum efficiency (%) >84
Reduction ratio 1:5.44
Number of slots 12
Number of poles (magnets) 8

4.5. Charging Station

E3Ws mostly charge in a charging station, providing security and charging infra-
structure [20]. As most homes in rural spaces lack sufficient space to store vehicles se-
curely, charging stations provide a convenient solution. The charging process for E3Ws is
off-board charging, where the battery charger is placed outside the vehicle. Figure 5 shows
a charging station of E3W and charging arrangement in Bangladesh.

!

Off board battery charger:

Figure 5. E3W charging station: (a) parking arrangement; (b) E3W charging.

5. Methodology

In this work, the challenges of E3W are divided into two major categories: (1) tech-
nical challenges and (2) environmental challenges. Each category is subdivided into hier-
archal classes based on potential impacts and priority. Challenges with higher priority
levels require rapid response compared to those with a lower priority level. Possible so-
lutions have been proposed to address those challenges accordingly, where a solution
may mitigate more than one challenge and vice versa. Figure 6 shows the categorical pri-
ority system for the challenges and solutions considered here, where n and m are integer
numbers.
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Figure 6. A categorical priority-based approach for E3W’s challenges.
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In this work, nine challenges of E3W were identified from the technical perspective,
and two challenges were identified from the environmental perspective. Table 4 presents
the distribution of challenges in priority classes and their potential solutions.

Table 4. E3W challenges classified into categories.

Challenges Priority Class Challenges
1 Structural Deficiency and Poor Braking System
Safety Concerns
5 Limited Range
Battery Quality and Health Cycle
Technical 3 Motor Quality
Battery Charger
4 Grid Integration
Additional Power Supply
5 Quality Products and Warranty
. 1 Battery Disposal
Environmental 3 Indirect Emission of Greenhouse Gas

A thorough study of the challenges and their potential solution are presented in the
sections “Challenges of Electric Three-Wheelers” and “Potential Solutions and Sustaina-
bility”, respectively.

6. Challenges of Electric Three-Wheelers

Despite high popularity in rural, suburban and urban areas, there are many chal-
lenges for E3Ws to integrate with public transportation. These challenges are a significant
barrier for E3Ws to have a sustainable transport, market, and employment scope. In this
paper, the challenges are classified into technological and environmental aspects.
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6.1. Technological Challenges
6.1.1. Structural Deficiency and Poor Braking System

The use of E3W is limited to low-speed applications for cheap transport because of
the high propensity to roll over during cornering. The chassis of E3W is needed as a design
to reduce structural weight and ensure safety. Therefore, a static and dynamic investiga-
tion is to be conducted in order to determine chassis strength rigidity [27]. The vehicle’s
safety directly correlates with the vehicle frame [57]. The frame must withstand loading,
such as vehicle curb, payload, and driver weight, without deformed damage. As the stress
in the frame cannot pass the yield strength of the frame material, the material selection is
a significant part of the vehicle manufacturing process [58]. The current E3W structure is
very light, unstable, and prone to topple [40]. The generated lateral forces can quickly turn
them over due to their vulnerability to rollover [19]. This stability issue is dominant at
high speeds [59]. Therefore, the usage of E3Ws is limited to low-speed transportation [60].
Being mostly locally assembled, it has severe drawbacks regarding braking and suspen-
sion systems. For example, the brake pads for the rear tires of E3Ws are driven by a simple
mechanical pulley that sometimes needs to be fixed, especially when the vehicles are mov-
ing fast. The absence of safety ratings or safety setups in E3Ws risks the lives of the pas-
sengers [14].

6.1.2. Safety Concerns

In 2019, 8% of fatal accidents in Dhaka district were caused by E3Ws, which was 13%
for the whole country. [61]. Driving these E3Ws under such substandard braking and sus-
pension systems can have fatal consequences for the drivers as well [14]. In the absence of
seat belts, occupants of an E3W can get thrown out of the vehicle, risking fatal head inju-
ries [40]. Uncontrolled charging results in a gassing effect of mostly highly flammable hy-
drogen (H2) gas, and unless proper ventilation is available at the charging place, explo-
sions may take place [20]. Moreover, E3Ws are also being charged at home where there is
no proper ventilation, which brings about the possibility of human casualties [62].

6.1.3. Limited Range

The vehicle speed depends on the battery charge. With a fully charged battery, an
E3W can cover 90 to 150 km/day with a top speed of 40 to 45 km/h [12,14]. Moreover, the
slope and inadequate conditions discharge the battery state of charge (SOC), rapidly re-
ducing the driving range. In the evening and night, the auxiliary loads such as headlights
draw additional energy from the batteries, further reducing the driving range. Conven-
tional CNG and LPG-based three-wheelers include air-cooled two-stroke or four-stroke
engines that can quickly fill their fuel tanks from available filling stations. However, over-
nighting 6-10 h of battery charging requires the E3W for a daylong operation. The E3W
charging stations are very limited in number and have limited availability, such as CNG
and LPG filling stations. These issues greatly limit the range of E3Ws.

6.1.4. Battery Quality and Health Cycle

The speed and driving range of the three-wheeler depends on the battery state of
charge (SOC) [7,12]. As the vehicle covers distances, the battery’s charge becomes re-
duced. Therefore, the battery capacity (in kWh) decides the range that can be covered by
the vehicle with a single charge [7]. The primary objectives are to increase the driving
range with a given battery and reduce the battery pack’s degradation due to complex
stresses in discharge currents [63]. The battery pack with higher capacity can undoubtedly
increase the driving range, but it increases the vehicle’s size, weight, and cost. Therefore,
it is essential to select the battery capacity that would give an optimum solution of driving
range versus the weight/cost of the E3W [7]. The lead acid battery is mainly used in con-
ventional E3Ws. The life cycle of lead acid batteries is considerably lower due to the high
depth of discharge (DoD) value limiting the highest life span of the battery packs from 9
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to 12 months [20]. In order to ensure the battery’s good health, the state of charge (SOC)
must stay above 40% to 50% [7,64]. Moreover, the majority of E3Ws are returned to the
charging station being fully discharged with battery SOC as low as 5% after its day-long
operation. This significantly reduces the battery life cycle [65] and results in frequent re-
placement of the battery pack contributing to operating costs for E3Ws [14]. Although li-
ion batteries can provide a solution to these problems, these batteries are higher in cost
compared to lead-acid batteries. Moreover, the recycling efficiency of Li-ion batteries is
around 50%, while in the case of lead-acid batteries, it is greater than 95%. Therefore, Li-
ion batteries have become more expensive than lead acid batteries in recycling [64].

The lead acid battery technology has also shown inherent limitations in power,
speed, lifetime, and refueling [66]. In the case of a lead acid battery, Oz gas forms at the
positive electrode, and H: gas forms at the negative electrode after the battery is fully
charged. The gas mixture forms a detonating gas that exhibits 4-72% explosiveness. More-
over, continuous overcharge results in water loss, electrode corrosion, and reduced bat-
tery life span [64]. Although the Li-ion battery system is relatively maintenance-free, there
are concerns over battery overheating, combustion, and explosive disassembly in an un-
controlled charging scenario [8]. A battery management system (BMS) can be applied to
tackle this issue, as it regulates the battery charging process [67]. Since there are many
cells in a battery pack of an E3W, it requires heat management, cell state of charge moni-
toring, and current leakage detection so that battery safety and a prolonged lifetime can
ensure.

6.1.5. Motor Quality

Besides the battery pack, the motor rating is one of the most significant parameters
in deciding the cost and range of an E3W. E3Ws cover short-range driving cycles with
motor requirements of high power density and torque, low speed starting torque, light-
weight, low noise and vibration, high reliability, and low cost. Therefore, to properly se-
lect the motor for E3W, its performance, operating conditions, efficiency, economic feasi-
bility, etc.,, must be considered [38]. An under-rated motor may not meet the required
torque and power demand, while an overrated motor may result in low efficiency and
high cost [26]. The commercially available motor for the E3W is the 1 kW permanent mag-
net brushless DC (PMBLDC) motor, and the motor controller allows for peak current flow
of three to four times the rated current. Therefore, the motor can meet higher power de-
mand than its rating accordingly. In suburban and city routes, the E3W has to run through
significant acceleration and deceleration due to high traffic, and the motor power demand
significantly increases during the vehicle’s acceleration. Therefore, in most instances, the
motor runs overloaded. Overloading results in overheating of the motor, and continuous
overheating leads to demagnetizing the permanent magnet [68]. Therefore, the E3W mo-
tor suffers from a limited lifetime, and it is needed to be changed frequently to keep the
E3W operational. Although BLDC motor drive is simple and the motor controller is com-
paratively inexpensive versus other types of motor, such arrangements result in a high
torque ripple in a BLDC motor [54].

6.1.6. Battery Charger

The charger, along with its controller, consists of power electronic components
[20,44] such as different types of transistors such as metal oxide field effect transistors
(MOSEFET) and insulated gate bipolar transistors (IGBT), capacitors, and other electronic
equipment [7,44]. When the charger and controller operate, the equipment generates heat,
causing the temperature of the equipment to rise, and the charger and controller lifetime
can decrease with increased temperature [69]. E3W chargers include a rectifier/inverter
circuit that produces harmonic contamination to the electric grid [67].
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6.1.7. Grid Integration and Power Quality

The electricity required for charging E3Ws is mainly drawn from the power grid. As
thousands of electric vehicles are being integrated with power systems, there are likely to
have a negative impact on the grid [67]. E3Ws are usually connected overnight and require
a large amount of electrical power to charge [16].

The utility energy sector in Bangladesh has one national grid with an installed capac-
ity of 20,383 MW (268 MW renewable power) as of the 2019-20 fiscal year. The total energy
generation in the fiscal year 2019-2020 was 71,419 GWh as of June 2020 [70]. An approxi-
mate consumption comparison of the charging with the total generation of Bangladesh
demonstrates in Table 5.

Table 5. E3W energy consumption comparison.

Details (as of 2020) En(elrggnllr: Sii;;\g:;lts
Total Energy Generation in Bangladesh in one year 71,419
Total Energy Generation in Bangladesh in one day 365 days 195.66
Number of E3W approximated 1 million
Average energy consumed by one E3W 11 units
Number of average units consumed by all E3Ws 11

During off-peak hours, a large number of E3Ws are integrated with the grid for
charging purposes. Table 4 shows that about 11 GWh of energy is used by E3Ws, which
is around 6% of the daily energy generation. These vehicles are usually charged overnight
and are likely to have a negative effect, as a significant amount of power is consumed in
the charging process [20]. It has been observed in the Bangladesh power system that the
timing peak load has shifted from 7:00 PM to 10:00 PM over the years [15,71], as shown in
Figure 7.
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Figure 7. Peak generation time shifting (after [15]).

Although there are many reasons for the increase in peak load, an increase in E3Ws
connected to the grid for charging is one of the main reasons to be considered for raising
peak load [20]. As of 2008, E3Ws first started their commercial journey; thus, there was a
minimal number of these vehicles compared to the present. Over the years, the number of
E3Ws has been increasing; therefore, a significant amount of charging load is being inte-
grated with the grid. Moreover, during charging, these vehicles are connected to the grid
as an active load in an uncontrolled way, and no specific protocols are maintained.
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Accommodating charging facilities for a growing number of E3Ws, and an upgrade
in the distribution network, including distribution lines and cables, transformers, and
feeders, is required to ensure harmonic injections, phase imbalance, etc., undesirable phe-
nomena are within control [31]. The charger is a single-phase charger and consists of an
AC/DC converter connected randomly to the power system while charging. The AC to
DC conversion in the E3W charger injects harmonics into the distribution system and re-
duces the device’s power factor, resulting in the charger’s heating. The total harmonic
distortion of current varies throughout the charging time of the battery. Higher THD re-
sults in higher heating and core loss [67]. Due to the low-quality power supply, charging
costs also increase. Moreover, charging E3Ws in a considerable density in closed proxim-
ity may cause a dip in power [31]. Therefore, with the increase in the use of E3Ws and
mass penetration in the market, there has been a rising concern over the effect of charging
on the electrical grid of Bangladesh.

6.1.8. Additional Power Supply

With the increasing number of E3Ws, the electricity demand for charging is also in-
creasing. Therefore, distribution companies may need to increase the substation capacity
to meet the electricity demand when E3Ws are charged simultaneously [7]. However, if
the electricity grid fails to accommodate E3W charging, distribution generators such as
diesel generators may be used to cover up this additional charging load. Additional finan-
cial investment is required to install such alternative generation sources. Moreover, such
an arrangement would further couple the transport sector with fossil fuels, likely leading
to more GHG emissions [72].

6.1.9. Quality Products Availability and Warranty

Due to the absence of regulations, local market vendors and customers face problems,
especially with batteries. Warranty is not offered for most battery packs due to inefficient
charging systems [20]. Moreover, E3Ws are accident-prone due to substandard mechani-
cal braking and suspension system. Thus, there is a requirement for significant expendi-
ture for repairing purposes. Moreover, higher battery capacity and higher-rated motors
are required to increase the driving range, further increasing the cost.

6.2. Environmental Challenges
6.2.1. Battery Disposal

Lead-acid batteries are mostly used in E3Ws due to availability and lower cost [73].
However, the disposal of these lead acid batteries can be of great concern because of their
potentially hazardous effect on public health [20]. Lead acid batteries contain lead and
sulfuric acid solution, where lead is a highly toxic material, and sulfuric acid is a corrosive
electrolyte. Disposal of lead acid batteries in solid waste landfills causes lead and sulfuric
acid to bleed into the soil, contaminating crops, vegetables, and groundwater [8,64]. More-
over, batteries disposed of near rivers, streams, lakes, or coastal water can threaten aquatic
life [64]. Some E3Ws are charged at home, but excessive gassing due to battery overcharg-
ing makes it inconvenient and unhygienic [20].

Li-ion batteries contain copper and aluminum, which are used as current conductors,
and LiCoO2 is used as the cathode material. Although they are not as toxic as lead-acid
batteries, excessive levels of cobalt and copper can cause hazardous environmental effects.
Recycling can contribute to minimizing such threats; therefore, recycling facilities should be
established and modernized [64]. Moreover, in the case of solar energy charging stations
[23,74], specific regulations should be maintained to dispose of large solar e-wastes [75].
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6.2.2. Indirect Emission of Greenhouse Gas

Electric vehicles are inherently free of tailpipe emissions. However, the energy re-
quired to charge electric vehicles is generated from power plants that run on fossil fuels.
Greenhouse gases are produced by different steps of electrical energy generation, such as
the construction, operation, and decommissioning of power plants [5]. The greenhouse
effect has many adverse environmental effects, including global warming, ocean acidifi-
cation, air pollution, ozone depletion, etc. [76].

7. Potential Solutions and Sustainability

The challenges of E3Ws are the major concerns for the people and the government.
However, the potential of these vehicles as a mode of environmentally friendly transport
cannot be ignored. The challenges can be tackled with a proper combination of technolog-
ical, financial, and environmentally friendly efforts. This section presents some solutions
that can overcome the technological, financial, and environmental challenges faced by
E3Ws in Bangladesh.

7.1. Technological Solutions
7.1.1. Strong Vehicular Frame with Updated Braking and Suspension System

Lightweight vehicle frames reduce power consumption. Therefore, mild steel material
can be in the frame [11]. The conventional E3Ws have severe problems with braking and
suspension systems [14]. Building a proper structure in the alpha framework is a potential
solution to these problems. The Alpha frame is the earliest basic frame design of E3Ws, and
Alpha-0, Alpha-1, and Alpha-2 are the upgraded designs, as shown in Figure 8 [27].

P

Sub-frame: seat 4
S
N
5
- < Two additional

& i
Sub-frame: handling _‘:’»\ Ve Sub-frame: handiing é ’/ diagonal trusses
RO

Sub-frame: main
Sub-frame: seat

Two additional

Sub-frame: handling ateral trusses

Alpha-2
Figure 8. Alpha frames for E3W [27].

Alpha-2 frame has the best deformation performance, providing vital support to
withstand the loading and distribute the stress to prevent vehicle deflection when loading
is applied [27]. Alpha frames have three main parts: the main frame, the seat frame, and
the handling frame. The main frame is where other components such as a cargo box, sus-
pension system, driver compartment, and upper structure are installed. It bears the main
loading through the joint between components. The seat frame is the sub-frame that re-
ceives the main loading from the driver’s weight and provides comfort to the driver dur-
ing the vehicle operation. The handling frame associates the steering system with the re-
volved bearing joint. Fix displacement is applied in the handling joint to prevent the frame
from moving [27]. A tilt control system can be applied in the three-wheeler control as
tilting an E3W in the opposite direction to that of the lateral acceleration can reduce the
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severity of rollover to a large extent ensuring safety and excellent maneuverability [19].
Active tilt control system (ATC), steering tilt control (STC), direct tilt control (DTC), etc.,
are among the tilt control systems that can improve the E3W maneuverability and actuate
the vehicle to the desired tilt angle during the drive [60]. A developed vehicle structure
and braking system will minimize the risk of accidents and ensure passenger safety.

7.1.2. Charging Facilities and Battery Swapping Method

The readily available CNG petrol pump stations should be integrated with E3W
charging facilities to increase the availability of charging points [77]. The battery swap-
ping process can extend the range of E3Ws where the discharged batteries would be
swapped with the fully charged batteries [59]. This method will help to preserve the bat-
tery life by enabling the swap of batteries before complete discharge. The overall battery-
swapping process should be efficient and effective, and the service providers must be well
trained [23]. These facilities can minimize the anxiety of limited driving range for E3Ws
[78]. The availability of charging stations at frequent distances can reduce battery storage
demand for E3Ws, reducing the overall vehicle cost. In addition, charging batteries with
high currents can result in lower effective battery demands [9].

7.1.3. Replacing Lead Acid Batteries with Li-Ion Batteries

The vehicle speed depends significantly on battery charge and health condition
[12,26]. With the advent of innovation in lithium-ion battery technology for EVs, the latest
vehicle designs are based on the Li-ion battery pack [7]. This design consideration has
already accelerated the shifting of E3W battery technology from lead-acid to Li-ion tech-
nology [8]. Li-ion-based electric vehicles, along with their superior compactness and in-
creased life cycle, have a higher energy density, weight density, faster recharge time, and
longer replacement time frame than conventional lead acid (Pb-acid) battery technology
[8,26,79,80]. Where a lead acid battery can take up to 12-16 h to become fully charged, Li-
ion batteries (LiFeSO4) take 2-3 h to be fully charged [64]. Li-ion batteries have a three to
four times higher life cycle compared to lead acid battery, and comparing the life cycle, it
can be said that the Li-ion battery is 2.5 times lower in size than lead acid batteries [64].
Table 6 shows the comparison of lead acid battery and Li-ion battery characteristics for
E3Ws.

Table 6. Comparison of lead acid battery and Li-ion battery characteristics [31,73].

Characteristics Lead Acid Battery Li-Ion Battery
Nominal Voltage (Volt) 2 3.6
Energy Density (Wh/L) 35 118-250
Specific Energy (Wh/kg) 30-50 120-140
Specific Power (W/Kg) 180 200-430

Operating Temperature (C) -15to 50 -20 to 60
Life Cycle 1000 2000
Production Cost (USD/kWh) 60 150

Li-ion batteries have higher specific energy, energy density, good efficiency, low
weight and self-discharge, no memory effect, and long life compared to that of lead acid
batteries [73]. Li-ion battery technology requires a higher initial cost than lead acid batteries,
but the overall payback period would be lower. Moreover, the torque and power demanded
by Li-ion batteries are approximately 40% lower than those demanded by a lead acid bat-
tery-based E3W [26]. Batteries with high power/energy characteristics can have a high cost
[81], but regular usage of battery storage in the electric vehicle makes such battery systems
economically feasible [82]. Moreover, Li-ion battery elements are less hazardous than lead;
thus, environmental pollution through battery disposal can be minimized [64].
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The trend of adopting Li-ion batteries has already started as new E3W equipped with
Li-ion batteries are in line to be launched soon [83]. Figure 9 shows two types of Li-ion
battery cells that are used as E3W and the battery pack frame.

Figure 9. Li-ion battery cell: (a) prismatic type; (b) cylindrical type; (c) battery pack frame.

However, unlike lead acid batteries, Li-ion batteries are more susceptible to damage
and explosion in case of overcharge [52]. A battery management system (BMS) is used to
regulate the charging process and prevent the overcharging phenomenon.

The battery pack is usually fixed on the frame together with module cases, wiring, and
a BMS system to ensure its safety from external shock, heat, and vibration [84] and to pre-
vent mechanical deformation [85]. With the E3W structure, the battery pack is to be placed
under the passenger seat. Therefore, the battery pack is more likely to remain undamaged
for forward collision between E3W and similar vehicles or cars. As an E3W is a slower ve-
hicle, it is mainly operated on suburban and village roads as well as in some part of the cities
in Bangladesh where fast-running vehicles are less active. Moreover, the battery pack will
have two layers of protection—the battery pack frame and the passenger seat box frame.
Therefore, unless an E3W experiences a heavy back collision from other vehicles, the Li-ion
battery pack is expected to be structurally unharmed from fire in a vehicle collision.

7.1.4. Efficient Motor and Regenerative Braking System

The electric motor and motor controller each have their own efficient and relatively
inefficient regions of operation, and optimizing their operation to correspond to a partic-
ular driving pattern would result in better vehicle range [86]. The motor in E3Ws should
be selected to satisfy both continuous and peak power and torque demand while operat-
ing within thermal limits and financial constraints. Higher efficient motors can result in
lower electricity consumption [72]. With minimization overloading, the motor with higher
power ratings can be utilized.

A suitable candidate for replacing the BLDC motor is the permanent magnet syn-
chronous motor (PMSM). Along with high efficiency, high-power density PMSM can gen-
erate constant torque with lower torque ripple than a BLDC motor [52]. However, PMSM
requires a comparatively complex and expensive motor controller. Using rare Earth per-
manent magnets results in a higher cost to the BLDC and PMSM motor. The switched
reluctance motor operates without permanent magnets and is simple in construction [87].
Despite high faulting tolerance and low cost, SRM suffers from high torque ripple and
comparatively lower efficiency [52,88,89]. Each type of motor has its merits and demerits.
Therefore, proper motor type selection must be made considering performance require-
ments and financial constraints.

A geared motor with less torque and higher speed is more efficient than a direct drive
motor with high torque and low speed. The size of the geared motor is also smaller than
that of the direct drive motor due to the lower requirement of rated torque [26,38]. A re-
generative braking system can be added to the vehicle controller, as whenever the E3W
speed is reduced or goes on a downward slope, the vehicle’s kinetic energy is converted
into electrical energy, which would charge the battery system [7]. Regenerative braking
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can increase the vehicle’s range and reduce the required battery pack size. However, such
a system will incur additional control and increase the cost.

7.1.5. Demand-Side Management

Demand-side management is a type of load management that involves changing the
energy use habits of consumers, which can be adapted to shift the pattern of connecting
E3Ws to the grid from peak hour to off-peak hour. Therefore, no vehicle can be connected
and charged during peak hours [20]. If authority exercises the demand-side management,
the peak load can be shaved for better capacity utilization of the power grid. In this way,
the owners of E3Ws would be compelled to charge the vehicle during off-peak hours. A
timer circuit mechanism can be implemented in the charging station so that E3Ws can
only charge after 10 PM and before 5 PM [20]. The charging process can be regulated, and
excess pressure on the power grid due to E3W charging can be averted with such meas-
urement.

7.1.6. Establishing the Automobile Manufacturing Industry and Market

With the rapid growth of E3Ws, there is excellent potential to develop a manufactur-
ing industry and associated equipment markets. The standardization of parts and equip-
ment of E3Ws can help grow the market and lead to innovation, design changes, and tech-
nology upgrading toward higher-quality products locally and globally. Increasing pro-
duction volume due to many different assemblers with proper supply would lower the
cost of E3W manufacturing and related accessories. Standardization enables the produc-
tion of easily interchangeable components between models and manufacturers, giving as-
semblers and suppliers more freedom in their choices for partners and facilitating a more
open industry structure [8]. Business model innovation can dismantle the barriers to ac-
celerate the diffusion of sustainable technologies [82]. Since rural and suburban areas are
the most promising ones for E3Ws, local markets can be developed to create employability
for many people. At present, Beevatech and Dynamic AV are the most renowned local
E3W manufacturers in Bangladesh [48].

7.1.7. Lowering the Cost of Equipment

The E3W is suitable for low-cost and sustainable transport because of its lower initial
cost, less maintenance, small size, and better maneuverability than four-wheeled vehicles
[19]. New vehicle designs would further reduce the initial cost and improve performance
[90]. Moreover, enabling custom-duty exemption on battery cells would lower the cost of
batteries for E3Ws. With the initial cost lowering, the sales of E3Ws would increase [90].
In implementing such environmentally friendly sustainable transport technology, the
main aim should be to ensure the cost advantage of sustainable solutions over conven-
tional ones, which is affected by the volatility of environmental factors such as electricity
prices, feed-in remunerations, and fuel prices [82]. These steps will draw CNG-LPG-run
three-wheeler drivers and passengers to E3Ws and accelerate the adoption of E3W in pub-
lic transportation.

7.2. Environmental Solution
7.2.1. Battery Recycling

Battery recycling can undoubtedly minimize the pollution from improper battery
disposal. The lead acid batteries in E3W have a high recycling rate and are easily recycla-
ble [52]. Bangladesh mainly imports batteries from China. Companies such as Rahim Af-
rooz, Panna Battery, and HAMKO have only independent recycling facilities for lead-acid
batteries. The recycling process also results in lower net battery costs. A Li-ion battery
recycling facility is currently unavailable in Bangladesh [64].
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7.2.2. Incorporation of Renewable Energy in the Charging Process

Renewable energy-based charging stations can greatly support the grid system for
charging a large number of E3Ws. Solar and wind energy technology can be incorporated
to meet the electricity demand for charging along with the grid [5,82] and increase the
engagement of renewable energy in power generation [23]. Charging of E3Ws with re-
newable energy sources can further reduce emissions [74]. Being a tropical climate coun-
try, Bangladesh receives abundant sunlight around the year. The average sunny hours per
day are 6.5, and the annual mean solar radiation is 0.2 kW/m? and 4-5 kWh/m?/day in
about 94% of Bangladesh [91]. Figure 10 shows the monthly average solar radiation in
Bangladesh.
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Figure 10. Monthly average solar radiation in Bangladesh. Reproduced with permission from Ref
[91]. Mondal, M.A.H.; Denich, M. Renewable and Sustainable Energy Reviews; published by Else-
vier, 2010.

In Bangladesh, various organizations such as the Sustainable and Renewable Energy
Development Authority (SREDA) and Infrastructure Development Company Limited
(IDCOL) are working for sustainable infrastructure development to fulfill the vision of
meeting 10% of the electricity demand using RES (mostly solar) by 2030 and reducing 20%
of electricity consumption through conservation [92,93]. The utilization of solar energy in
charging E3Ws would reduce pressure on the grid and GHG emissions [5]. The output
power of a photovoltaic (PV) system is directly dependent on the solar irradiation profile.
Battery storage can be used as a compensating reservoir to balance the generated electric-
ity and electric vehicle charging load. Battery storage will allow for the decoupling of solar
energy supply and demand [82]. Net-metering systems can be introduced in PV charging
stations where the solar PV energy produced during the day time is supplied to the na-
tional grid, and during off-peak hours, E3Ws would be charged from the grid. As such a
system eliminates the requirement of charging batteries with solar energy, the investment
is reduced significantly, and the system can operate without subsidy; hence, such a system
would also be economical [5,74]. The layout of the net metering-based E3W charging sta-
tion is shown in Figure 11.
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Figure 11. Net metering based electric three-wheeler charging station.

Installing PV panels on the roof of the E3W can further integrate renewable energy
with the transportation sector. In such an arrangement, the PV panel would be able to
provide a continuous trickle charge to the battery to maintain the state of charge of the
battery while the vehicle is driving [5,12]. The charge-sustaining capability enables faster
acceleration, cruising capability, enhanced range, and higher battery lifespan [12]. More-
over, the roof-covering solar panels can supply the auxiliary load of the vehicle, such as a
fan, light, etc., which is estimated to be 0.5 kWh per day [23]. Along with solar PV energy,
wind energy can be incorporated into the charging process in some areas, particularly
coastal regions. In Bangladesh, the monthly average wind speed at the height of 20 m is
3.55 m/s throughout the coastal areas of Cox’s Bazar [5]. Ensuring renewable energy avail-
ability for E3W charging can reduce the dependency on additional distribution energy
sources such as diesel generators. Thus, policy should be devised to utilize such renewa-
ble sources in this transportation sector [94].

8. Current Policies and Recommendations

Due to low fare and noiseless operation, E3Ws have been gaining popularity among
people, especially in suburban, rural, and outside metropolitan cities [49]. Two major con-
cerns are associated with E3Ws’ fitness and electricity demand. The Bangladesh Road
Transport Authority (BRTA) has drafted guidelines on electric vehicles with a particular
focus on E3Ws for making regulations, fitness certificates, and tax tokens mandatory [95].
With the increasing demand and usage of E3Ws, battery charging points started being
established at different corners of the cities, most of which do not have legal electricity
connections to regulate the charging process. Bangladesh Energy Regulatory Commission
(BERC) proposed a 0.09 USD or 90 cents tariff against the consumption per unit of elec-
tricity for charging these vehicles only in a garage or charging stations, and the service
charge was proposed at 29 cents for a one-phase line and 47 cents for a three-phase line in
2007 [96]. The Bangladesh Energy and Power Research Council (BEPRC) is formulating
guidelines for E3Ws [97].

In July 2022, the Sustainable and Renewable Energy Development Authority
(SREDA) under the Ministry of Energy and Mineral Resource, Government of the People’s
Republic of Bangladesh, formulated some guidelines for the electric vehicle charging in-
frastructure [98]. These guidelines are more conspicuous for E3Ws since they are the major
share of EVs in Bangladesh. These guidelines include international standards and instruc-
tions on overload prevention, uncontrolled reverse current prevention, power unbalance
prevention, vehicle parking spot, charging point positions, etc. Some international stand-
ards that must be followed in accordance with the guidelines are listed in Table 7.
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Table 7. International standards for electric vehicle charging.

Schemes Standard
IEC 61851-1:2017 [99], IEC 61851-23:2014 [100],
IEC 61851-24:2014 [101]
Conductive Power Transfer ISO 17409:2020 [102]
IEC 60947-2 [103], IEC 60947-6-2 [104], IEC
60269 [105]

Electrical Vehicle Conductive Charging System

Over Current Protective Device

Earthing IEC 60364 [105]

Thundering Protection IEC 62305 [106]
Insulation Of Charging Equipment IEC 61851-1 [99]
Charging Cable IEC 62893-1 [107]

Charging Station Equipment Protection IEC 60529 [108]

The Electric Vehicle Registration and Operation Guidelines are being prepared by
the Bangladesh Road Transport Authority (BRTA) [109-111]. The draft guidelines empha-
size ensuring safety standards, fees, and an adequate economic lifetime for electric vehi-
cles [110]. According to the draft electric vehicle guidelines, the registration, fitness check-
ing, and route permit processes of electric vehicles will be as same as the engine-run motor
vehicles. It states that the speed of electric vehicles in loaded conditions must be set to
levels similar to conventional vehicles as per law. In addition, a vehicle’s chassis must be
engraved with specific details, such as its international vehicle identification number
[109-111]. According to the draft guidelines, the lifespan of electric three-wheelers is 10
years, whereas for electric motorbikes is 12 years and for buses, trucks, cars, and pickups
is 20 years [111].

Some recommendations has been presented to facilitate the integration of E3Ws,
which are compliant with the Drafted Automobile Industry Development Policy 2020 by
the Ministry of Industries, Government of the People’s Republic of Bangladesh [112].

8.1. Development of Vehicle Structure and Braking System

As conventional E3Ws lack proper braking and suspension systems, technological
involvement and standard manufacturing must mitigate these problems. Some potential
solutions have been discussed earlier in this work.

8.2. Movement Restriction

The major accidents by E3Ws happen mainly on the high road. Although restriction
laws have been imposed on E3Ws on the high road, the drivers do not follow the law and
cause accidents frequently. Therefore, restriction laws must be followed strictly. Moreo-
ver, the number of E3W needs to be regularized to avoid traffic congestion.

8.3. Regulation on Vehicle Charging Process

As many illegal charging points have been established to support the large number
of E3Ws, charging stations with proper regulations should be established in parallel with
removing these illegal charging points. The proper tariff should impose so that the gov-
ernment can benefit while keeping the fare affordable and driving these vehicles profita-
ble. Demand-side management can ensure that the charging would not impose negative
pressure on the power grid.

8.4. Development of the Automobile Market

E3Ws manufacturing and assembling can be a potential market to produce high-
quality, affordable vehicles. Priority should be given to local manufacturers/assemblers in
the public procurement of automotive products and accessories. Government collabora-
tion with the local components manufacturers would result in the generation of a list of
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products that can be manufactured locally for use in vehicle assembly and after-sales.
Supporting the capacity building of component manufacturers to produce local content
that meets quality standards will certainly facilitate investors from home and abroad to
invest in this sector and establish manufacturing and ancillary plants. Moreover, buyers
of locally assembled /manufactured E3Ws should be given a percentage of income tax
relief to the value of purchase. Moreover, the manufacturers should concentrate on in-
creasing local value addition. Lithium recycling facility installation can be considered a
potential business opportunity [59].

8.5. Battery Import and Recycling

The government can announce customs duty exemption on battery cells such as lead-
acid and Li-ion cells, which would lower the cost of batteries, making E3Ws the most eco-
nomical mode of transport [7]. Moreover, a Li-ion battery recycling facility should be es-
tablished to promote these batteries” usage in E3Ws.

8.6. Employment Issues

The government should impose incentives and regulations to train drivers of E3Ws
to ensure these vehicles’ standards and safe driving. Such steps can generate employment
for poor and unskilled individuals [40]. The CNG-based three-wheeler drivers can be mo-
tivated through incentives to shift toward E3Ws. The government and private sectors can
develop schemes to distribute E3Ws to the poor and unemployed to alleviate poverty [7].

9. Direction for Future Research

With the increasing number of E3Ws, there will be concerns regarding vehicle
drivetrain components, charging process, consumer adaptability, government interven-
tion, etc. As E3Ws are pursued as a mode of public transportation in some developing and
under-developing countries, it is time to set a direction for research. Bangladesh imports
the drivetrain components mainly from China. To properly assess the performance of
drivetrain components such as electric motors, the real-time driving patterns in different
regions of Bangladesh and other countries, optimizing drivetrain components according
to specific regional requirements will likely result in higher system efficiency.

Moreover, driving patterns in different regions reflect the vehicle acceleration, veloc-
ity, and motor torque profile [113] and socio-economic characteristics of that region [38].
A vigorous study on the E3W driving pattern can provide helpful insight into drivetrain
component optimum design and estimate consumer demand for E3Ws. Lead acid battery
recyclability has already been explored. However, adopting Li-ion batteries calls for re-
search on the recyclability of these batteries. Development of fast-charging infrastructure
for E3Ws in the Bangladesh perspective requires attention to the limited space and finan-
cial constraints. The concept of refitting can be explored where the electric drivetrain re-
places the fossil fuel-based drivetrain components from the CNG-LPG-run E3Ws while
having the same or modified vehicle structure. This structure will reduce manufacturing
costs and result in a shift toward E3W from their CNG-LPG counterparts. The velocity
profiles of other vehicles also need to be considered to increase the number of E3Ws in
city drive cycles. The feasibility of separate lanes for comparatively slow-moving vehicles
such as E3Ws or route specifications can also be a prospective research area.

10. Conclusions

Although electric vehicles are not new, there has become a great need for sustainable
and clean transport. However, people’s perceptions, economic feasibility, social adapta-
tion, and transport policies are still under examination for clean technologies and sustain-
ability. The E3W potential of being an environmentally friendly form of comfortable pub-
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lic transportation is likely to be challenged by the technical deficiencies and some envi-

ronmental issues associated with the vehicles. From the comprehensive review, the fol-

lowing points can summarize:

e  The popularity of E3Ws is mostly attributed to their emission-free, noiseless opera-
tion and low and reasonable fare in short-distance travel and intra-city transporta-
tion.

e E3W cansignificantly contribute to lowering the country’s dependency on fossil fuels
for the transportation sector.

e In order to ensure safe and convenient transport, proper structural design with reli-
able braking and suspension systems is very important and must be standard for the

E3W.

e  Inherent problems such as limited range inhibit the E3W from meeting the travel de-
mand.

e New and existing technologies must be incorporated to tackle various challenges of
the E3W vehicles.

e The concerns related to battery disposal must be dealt with in a proper technical
manner to fulfill the promise of pollution-free transport.

e  Government and non-government organizations should adopt a collaborative ap-
proach to adopt E3Ws as sustainable transport.

e Bangladesh should align with this vision and adopt an environmentally friendly
transport policy, as the world is adopting electric vehicles as future transportation.
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