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Abstract

As the world faces pressing environmental challenges, the transition to sustainable trans- portation solutions has
become imperative. One significant shift is the adoption of electric vehicles (EVs), which offer a promising pathway
to reduce carbon emissions and combat climate change. Bangladesh, a country contending with energy security and
environmental concerns, has witnessed a growing acceptance of electric mass transportation and electric autos, notably
in urban areas such as Rajshahi City. This evolution highlights the urgent need for sustainable EV charging
infrastructure and presents a unique opportunity to explore the integration of renewable energy sources, particularly
solar power, into the charging ecosystem.

This thesis centers on the vital exploration of the feasibility and economic viability of standalone solar-powered EV
charging stations in Bangladesh, a nation emblematic of the challenges and opportunities in emerging economies. The
adoption of EVs, particularly in densely populated urban areas, underscores the necessity for accessible, reliable, and
sustainable charging solutions. Hence, this study meticulously investigates the integration of solar energy into EV
charging infrastructure.

The research conducts comprehensive economic analysis, considering critical factors such as setup costs, operational
expenses, and revenue generation. By assessing these elements in- depth, the study aims to provide valuable insights
for policymakers and stakeholders invested in promoting the adoption of renewable energy sources in the EV charging
sector. The overarching goal is to facilitate sustainable transportation and enhance energy security in Bangladesh and
other regions confronting analogous challenges

Keywords
Standalone Solar-Powered EV Charging Stations, Economic Viability, Renewable Energy Integration, Sustainable
Transportation and Electric Vehicle Charging Infrastructure

1. Introduction

Power consumption in Bangladesh is experiencing rapid growth, driven by both economic expansion and population
increases. The foremost consumer of electricity in Bangladesh is the industrial sector, closely followed by the
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residential and commercial sectors. Per capita electricity consumption has shown a noteworthy increase, rising from
449 kWh in 2017 to 563 kWh in 2022. (Arun et al. 2020) Notably, the industrial sector accounted for 55% of the total
electricity consumption, while the residential and commercial sectors contributed 22% and 19%, respectively.

The government of Bangladesh has undertaken a series of proactive measures aimed at enhancing energy efficiency
and curtailing power consumption. These measures encompass the promotion of energy-efficient appliances and
equipment alongside the implementation of energy saving protocols within industrial facilities and governmental
structures. (Kapustin et al. 2020) Additionally, substantial investments have been directed towards augmenting power
generation capacity, encompassing both traditional and renewable energy sources.

Notably, natural gas remains the predominant source of power generation, constituting over 60% of the total capacity.
Supplementary sources of power generation encompass coal, oil, hydropower, and renewable energy. In 2022,
Bangladesh’s cumulative installed power generation capacity reached 25,700 MW, exhibiting significant growth from
the 15,351 MW recorded in 2017. The government of Bangladesh has set an ambitious goal to increase the proportion
of renewable energy within the national power generation mix. As part of this endeavor, a target has been established
to achieve 4.1 GW of renewable energy capacity by 2030.

By 2022, Bangladesh had already made substantial progress in this regard, with the country’s renewable energy
capacity reaching 702 MW, as compared to the 433 MW recorded in 2017. Solar energy stands out as the swiftest-
growing renewable energy source in Bangladesh, further affirming the nation’s commitment to sustainable energy
solutions. The transport sector emerges as a significant contributor to greenhouse gas (GHG) emissions within the
confines of Bangladesh. In the year 2019, this sector was responsible for the release of 12.09 million tonnes of CO2
emissions, equating to 15% of the total CO2 emissions within the nation. (Kapustin et al. 2020) Notably, this places
the transport sector as the third-largest source of GHG emissions, following in the footsteps of the power and industrial
sectors.

The principal origins of GHG emissions within Bangladesh’s transport sector include road vehicles, railways, and
waterborne transport. Road vehicles constitute the predominant source, responsible for a substantial 10.29 million
tonnes of CO2 emissions in 2019. This elevated figure can be attributed to the prevalence of road transport as the most
extensively utilized mode of conveyance throughout the country. Concurrently, railways and waterborne
transportation also contribute to GHG emissions in Bangladesh, albeit to a lesser extent than road transport. Jeong et
al. 2015) In the same year, railways accounted for 0.82 million tonnes of CO2 emissions, while waterborne
transportation contributed 0.98 million tonnes of CO2 emissions.

Conversely, Electric Vehicles (EVs) offer an environmentally favorable alternative by producing zero tailpipe
emissions. This shift not only aids in enhancing air quality but also serves as an effective means of curbing GHG
emissions, particularly in densely populated urban areas where air pollution stands as a prominent concern.

In Bangladesh, a notable presence of EVs exists, although comprehensive statistics on their prevalence remain
elusive from the Bangladesh Road Transport Authority (BRTA). It is worth noting that a subset of these vehicles is
duly licensed. The available statistics reveal that the number of registered EVs stands at 232,303, within the larger
context of a total vehicle population of 26,40,349. However, the burgeoning growth of EVs places a substantial
demand on the national grid, necessitating an additional 500 MW of electricity daily. This formidable pressure
underscores the imperative need to embrace renewable energy sources as a secure and cost effective avenue for
power generation in Bangladesh.

Renewable energy sources represent those energy reservoirs naturally replenished within the span of a human
lifetime, and as such, they offer the capacity to generate power without depleting Earth’s finite resources. Within the
geographical bounds of Bangladesh, an array of renew- able energy resources are at our disposal, notably
encompassing solar energy, wind energy, and biomass energy. Bangladesh has already embarked on several
commendable renewable energy initiatives, ranging from the establishment of solar power facilities and wind farms
to the implementation of biogas plants. Among these sustainable energy systems, the photovoltaic (PV) solar system
takes precedence. Photovoltaic (PV) solar panels, the cornerstone of this renewable energy infrastructure, are
sophisticated devices engineered to directly convert sunlight into electrical energy. These panels are meticulously
crafted with semiconductor cells, which, upon harnessing solar radiation, generate a flow of electric current. The
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versatility of PV solar panels is evident in their diverse applications, ranging from rooftop solar installations to
expansive solar farms and even portable solar chargers.

Within the context of this discourse, we delve into the advantageous utility of solar systems, particularly in the
context of recharging Electric Vehicles (EVs). (Ahmed, et al. 2013) Bangladesh finds itself endowed with copious
solar resources, with an average daily solar radiation of 5.2 kWh/m2, a figure that surpasses the global mean of 4.6
kWh/m2. This solar abundance positions the nation favorably for harnessing solar energy to power EVs, a
sustainable solution that holds considerable promise in our efforts toward a greener and more sustainable future.

1.1 Objectives

In the pursuit of sustainable urban transportation solutions, electric vehicles (EVs) have gained prominence as a
cleaner and more energy-efficient alternative. Bangladesh, a nation grappling with urbanization challenges, has a
burgeoning interest in EV adoption. The integration of renewable energy sources, particularly solar power, into EV
charging infrastructure presents an opportunity to address environmental concerns and enhance energy
sustainability.

. Assess the efficiency and potential of solar energy generation within standalone EV charging stations.

. Analyze the charging process for three-wheeler electric vehicles (EVs) and their compatibility with solar-
powered infrastructure.

. Conduct a comprehensive economic analysis to ascertain the financial feasibility of solar- powered EV
charging stations.

. Quantify the economic benefits realized through renewable solar energy adoption in EV charging.

. Provide recommendations for the expansion of solar-powered EV charging stations to promote renewable

energy adoption and sustainable transportation in Bangladesh.

This thesis serves as an exploration of the intersection of sustainable urban mobility, renewable energy, and
economic viability. By addressing these key objectives, we aim to contribute to the development of a greener and
more economically sustainable urban transport ecosystem in Bangladesh.

2. Literature Review

1. In this paper, the author explores a workplace charging system in the Netherlands. Two scenarios are
considered: one involving EV charging exclusively on weekdays and another where EVs are charged all seven days
of the week. Despite the relatively low solar insolation in the Netherlands, the research demonstrates a 25%
reduction in grid dependency (Mouli, et al. 2016)

2. This article presents the design and implementation of a PV solar panel system and conducts a
comprehensive analysis using MATLAB. Additionally, circuit simulations are performed using PROTEUS
software. A complete hardware setup is developed to assess power factor correction under steady-state conditions,
accounting for load variations (Shariff et al. 2019)

3. The focus of this article lies in achieving faster, cost-effective EV charging. It introduces an integer linear
programming (ILP)-based centralized system designed to minimize charging costs per EV. Recognizing
computational constraints, the article also introduces two game theoretical algorithms as alternatives. (Kabir et al.
2020)

4. This article presents a hybrid energy system that integrates solar energy and biogas to generate electricity
for EV charging while reducing reliance on the national grid. The article further includes calculations of the energy
cost implications associated with this approach. (Karmaker et al. 2018)

5. A comprehensive framework for optimizing the placement of solar-powered charging stations within a
distribution network is proposed in this paper. The objective is to enhance voltage profiles, minimize power losses,
and reduce overall costs. Improved chicken swarm optimization is employed for optimal station placement within
the IEEE 33 bus system. (Ahmad et al. 2021)

6. In this paper, micro-grid encompassing power distribution from wind and photovoltaic sources, electric
vehicle charging stations (EVCSs), and energy storage systems (ESS) is investigated. Robust optimization models
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are applied within the context of an IEEE 33-node power distribution network and a 25-node transportation system.
(Zhang et al. 2022)

7. This article explores the utilization of solar-powered electric vehicle charging stations in China. The
analysis indicates substantial pollutant reduction potentials, with significant de- creases in carbon dioxide, sulfur
dioxide, and nitrogen oxides emissions. The study also highlights the role of carbon pricing in promoting renewable
energy. (Jiang et al. 2015)

8. The paper introduces a solar charging station situated in a car-sharing services parking lot. It employs a
Linear Programming approach to maximize solar energy utilization while maintaining consistent battery levels
across all electric vehicles (EVs). Notably, the study reveals that most EVs reach at least 75% battery capacity by
the end of their charging sessions. (Zouma et al. 2020)

9. This research applies a charging and discharging power scheduling algorithm, solving it through a chance-
constrained programming approach, to an electric vehicle charging station with extensive infrastructure. The
findings demonstrate nearly a 50% reduction in electric vehicle charging costs when compared to uncoordinated
methods. (Mozafar et al. 2017)

10. An intricate multi-objective optimization problem is formulated to address power losses, voltage
fluctuations, charging and demand supplying costs, and EV battery expenses. The optimization problem is tackled
using a Genetic Algorithm-Particle Swarm Optimization (GA-PSO) hybrid improved optimization algorithm across
five distinct scenarios. (Hazza et al. 2005)

11. This paper delves into the performance of an undividable flow battery based on lead. It sheds light on the
battery’s ability to rebalance its cell chemistry following multiple charge/discharge cycles by enabling excess lead
metal deposited at the negative electrode to react with oxygen during open circuit operation. (Pavlov et al. 2011)

12. The study investigates the impact of carbon additives on the negative active material (NAM) of lead-acid
batteries. The addition of carbon is shown to enhance battery charge acceptance, particularly in the context of hybrid
electric vehicle operation. (Zhang et al. 2013)

13. This paper reviews the state-of-the-art technologies for evaluating the reliability of largescale PV systems
and the effect of PV interconnection on the reliability of the local distribution system. It shows a vision of cyber-
physical perspective of the PV reliability, modeling of PV voltage control scheme for reliability assessment,
reliability assessment for PV systems under extreme events and PV reliability assessment considering cybersecurity.
(Jietal. 2008)

14. A novel photovoltaic solar assisted heat pump (PV-SAHP) system has been proposed in this study. In the
same weather condition, the research observed in 4 days and the result shows that PV-SAHP system has a superior
coefficient of performance (COP) than the conventional heat pump system and at the same time, the photovoltaic
efficiency is also higher. The average photovoltaic efficiency was around 13.4%.(Saha et al. 2014)

3. Methods
Average Weather Forecast
The following table shows the average weather forecast for Bangladesh for one year, including peak sunlight hours:

Table 1: Average Weather Data for Bangladesh

Month Average Temperature (°C) Average Rainfall (mm) Peak Sunlight Hours
January 22.7 13.8 4.5
February 24.9 17.5 5.0
March 28.3 38.6 5.5
April 30.1 85.0 6.0
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May 30.9 137.8 6.5
June 30.6 281.3 6.0
July 30.2 3333 5.5
August 29.9 318.3 5.5
September 29.8 220.5 5.0
October 29.2 118.6 4.5
November 27.7 30.6 4.0
December 24.4 10.7 4.5
Total 318.7 1807.3 56.5

4. Data Collection:
Data Collection: Data on energy generation, storage, conversion efficiency, and charging times were collected during
system operation. These data points were recorded systematically. Analysis: Statistical analysis and modeling
techniques were employed to assess the efficiency and performance of the solar-powered charging system. Key

performance indicators, including energy conversion efficiency and charging time optimization, were evaluated.

Three Solar Panel MPPT Charge

Series Connection Controller Four 12V

Battery Bank

AC (220V)

P

3 Whee.ler EV Battery Charger Solar Power
Vehicle Inverter

Figure 1: Schematic of the method.

Table 2: Specifications of the PV Module

Characteristics Value
Maximum power (Pmax) 300 W
Voltage at maximum power (Vmp) 36.7V
Current at maximum power (Imp) 8.17 A
Open circuit voltage (Voc) 436V
Short circuit current (Isc) 871 A
Panel efficiency (np)
Dimension of the panel 1950mm x 990mm x 40mm
Power tolerance +3%
Operating temperature range -45°C to 85°C
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Table 3: Technical Parameters of Lead Acid Battery

Characteristics Value
Battery material Lead acid
Nominal voltage & capacity 12V &40 AH
Total weight 11.64 Kg
Dimensions 196.5 mm x 165 mm % 169 mm
Lifetime 5 Years

5. Results and Discussion

In this section, we present the results of our study on the performance investigation and eco- nomic viability analysis
of standalone solar-powered EV charging stations in Bangladesh. The results are organized into subsections to
address key aspects of our research.

5.1 Economic Viability Analysis

1. Life Cycle Cost (LCC): The life cycle cost analysis was performed to assess the total cost of owning and
operating standalone solar-powered EV charging stations over a 10-year period. The LCC was calculated to be
128,282.5 BDT.

2. Unit Electricity Cost (UC): The unit electricity cost, representing the cost per kilowatt- hour (kWh) of
energy, was computed as 8.17 BDT or approximately 0.0817 USD. This value provides insights into the cost-
effectiveness of the charging stations.

3. Charging Cost and Monthly Income: Charging cost comparisons between the grid and the proposed solar-
powered system were conducted for Easy Bikes and Auto-Vans. The proposed system demonstrated significant cost
savings, with Easy Bike users benefiting from monthly savings of 3549 BDT, while Auto-Van users experienced
savings of 1862.7 BDT.

5.2 Performance of Solar-Powered Charging Stations

1. Solar Panel Configuration and Energy Capture: Our investigation revealed that a solar panel system
consisting of three solar panels connected in series was chosen for the charging stations. These panels had a maximum
power output (Pmax) of 300 watts each. The panels were effectively positioned and oriented to maximize solar energy
capture, achieving an overall total power output of 1800 watts (1.8 kW).

2. MPPT Charge Controller: The Maximum Power Point Tracking (MPPT) charge con- troller was employed
to optimize the efficiency of the solar panel system. This controller successfully ensured that the panels operated at
their maximum power output, thus max- imizing energy conversion efficiency.

3. Battery Bank: A battery bank composed of four 12-volt lead-acid batteries was utilized to store the generated
DC electricity. This battery bank served as an energy buffer, allowing for continuous power supply even during periods
of insufficient solar energy generation.

4. Solar Power Inverter: The solar power inverter effectively converted the 24-volt DC current from the battery
bank into 220-volt alternating current (AC), making it compatible with standard electrical devices and systems.
5. Battery Charger: A battery charger was employed to charge the Electric Auto Van at a current rate of 5.1

Amperes. This charger was connected to the inverter output to facilitate the necessary AC-to-DC conversion for the
charging process.

6. Charging Time and Efficiency: Our measurements indicated that the time required for solar panels to charge
the battery bank (from solar panel to battery) was 6 hours, while the battery bank to Electric Auto Van charging time
was established at 7 hours. These charging times were optimized for efficient use of solar energy.

6. Conclusion

In this thesis, we have conducted an extensive investigation into the feasibility and economic viability of standalone
solar-powered electric vehicle (EV) charging stations in Bangladesh, with a particular focus on urban areas such as
Rajshahi City. The study has provided valuable insights into the technical aspects and economic considerations of
adopting renewable energy sources in the EV charging infrastructure.
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