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Abstract: The incorporation of renewable energy and the transportation system can be significantly
beneficial for the economy and environment of Bangladesh. The main energy source for vehicles
in Bangladesh are the country’s natural gas and fuel. However, due to the rapid depletion of
the gas reserve, soaring gas prices and global warming, alongside the environmental pollution
caused by burning fuel, this raises concerns about these energy sources. Renewable energy offers a
plausible solution to these problems. This paper’s objective is to focus on the maximum usages of a
solar photovoltaic (PV) system in electrical vehicles and to minimize the environmental impact in
terms of CO2 emission. This system may be partially used to power up the electric vehicle with a
charging facility and contribute excess power to the national grid. The modeling, with its optimal
analysis of the green transportation system, is simulated using the Hybrid Optimization of Multiple
Energy Renewables (HOMER) software. The energy produced by the PV system can provide up to
13,792 kWh/year. Approximately 21% of the total production can be used in the charging station
for charging the electrical vehicles and the rest of the energy can contribute to the national grid.
Moreover, using the proposed concept of green transport will ultimately reduce greenhouse gas
emissions by 52,944 kg/year.

Keywords: renewable energy; solar photovoltaics; electric vehicles; green transportation; distributed
energy; HOMER

1. Introduction

Transportation plays a vital role in every society. It facilitates the cultivation of a lifestyle and
enables the delivery of goods and services that promote the development of society. Within global
efforts to increase the sustainability of development patterns, certain strategies for increasing
transportation’s sustainability have been articulated. These include vehicle technology improvements
and clean fuels. Thus, the transportation system has a significant importance for the balanced
development of economic and social systems of a country. One of the major problems of the global
transport system is a high dependence on fossil fuels including oil and gas. One-third of the total
final energy consumption is a result of the transport sector, including passenger and freight journeys,
based on fossil fuels [1].

In particular, oil is the main energy provider in the transport energy. According to a report, 94% of
the total energy demand for transport is provided by oil, 3% by natural gas and other fuels, 2% by
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biofuels, and 1% by electricity [2,3]. These non-renewable fossil fuels have the added disadvantage of
releasing large quantities of harmful sulphur dioxide, nitrogen oxides, and especially carbon dioxide
into the environment while burning. Each of these compounds are directly indicted in the problematic
global warming phenomenon. These emission problems are the chief motivation for the increasing
attention to the electrification of mobility. In recent years, there have been significant endeavors to
examine the effects and approaches to decreasing on-road traffic pollutant emissions and the resultant
consequences of these emissions on air quality [4–6]. Currently, the key goals of these methods are
either (a) reducing the emissions per vehicle by implementing lower-polluting fuels and technologies,
such as usage of renewable fuels or biofuels, natural gas vehicles, fuel cell vehicles, or (b) adopting
mobility management strategies to decrease the maximum speed of circulation. Fleet electrification is
one of the strategies under consideration for improving urban air quality [7].

Depending on the type of power plant that provides electric energy for EVs (electric vehicles),
other potential advantages that can be assigned to fleet electrification are an enhancement in
energy efficiency and reductions in energy reliance, fossil fuel consumption, and greenhouse gas
(GHG) emissions. Nonetheless, EVs require an additional load on the electricity power system,
causing increased emissions from electrical generation, dependent on the power mix [7]. For that
reason, the country faces the energy resource problem of non-renewability, environment pollution,
and adverse climate change impact.

Bangladesh has installed 13,555 MW to meet the demand of electricity where the per capita energy
consumption is only 308 kWh [8–10]. Moreover, this electricity is generated using national resources
like natural gas and coal where around 1890 MW of the power could not be generated from the public
power plants due to a shortage of gas as fuel and others [11–13]. On the other hand, fuel burning in
energy generation is responsible for global warming and environmental pollution. Recently in Dhaka
City, the fuel used by every car and bus is 0.4 metric ton per capita [14]. Therefore, it is very important
for the present transportation system to transition into a sustainable system. Hence, to improve this
situation, Renewable Energy Technologies (RETs) should be used to power up the electric vehicle
can be considered one solution to reduce carbon emissions and high fuel consumption. The 1 kWh
of electricity generated by solar photovoltaic (PV) reduces approximately 660 tons of CO2 emissions
per year [15]. The insolation in Bangladesh varies from 4 kWh/m2/day to 4.5 kWh/m2/day at an
average of 4.25 kWh/m2/day [16]. Consequently, that this can be used to power up the electric
vehicle for use as daily transport in Dhaka city as Green transport or Smart mobility is a new concept.
Thus, renewable forms of energy emit far smaller amounts of greenhouse gases compared with fossil
fuels and increases energy conservation [17].

Sustainable Transportation Infrastructure (STI) is developing rapidly throughout the world.
To reduce the growing demand for fossil fuels and to eliminate environmental pollution and
noise emission, eco-friendly transportation systems or Green transportation systems are becoming
increasingly popular. Their comparative advantage is evident efficiency: whereas the gasoline engine
has an efficiency of 25−28%, and a diesel up to 40%, an induction electric motor in alternating current
has an efficiency of 90%. Equally beneficial is that it does not emit exhaust fumes or pollutant
emissions and it generates zero pollution if supplied with energy from renewable sources [18].
Furthermore, renewable energy sources like solar, photovoltaic, and wind energy systems have been
predominantly used to supply energy in several nations. Renewable energy sources are commonly
exploited as distributed generations in conventional power distribution networks and new smart grids
since they usually generate small-scale power on the locations that are nearby to the users [7].

The goal of this work is to offer an alternative use of RETs to provide a new transport system,
which can reduce the operating cost and minimize the CO2 emissions. The modeling with its optimal
analysis is simulated using HOMER software [18]. We have chosen HOMER as our simulation
tool because it is an optimization tool where brute force technique is applied. This is a general
problem-solving method that consists of systematically enumerating all possible combinations for the
solution and checking whether each combination satisfies the problem’s statement.
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The paper is structured in this manner: Section 2, provides a description of a solar photovoltaic
system installed in Dhaka. Section 3 introduces the concept of electric buses with a connection and
services for the Campus. In Section 4, the renewable energy sources, the load profiles, and the details of
the system design using HOMER are presented. Section 5 provides the proposed green transportation
model and discussion of the simulation results, while the conclusions are presented in Section 6.

2. Existing Solar PV System Installed in Dhaka University Campus

The Institute of Energy in the University of Dhaka (DU) is located near Curzon hall. It has a
huge area covered with buildings, but one side of the adjacent area is equipped with a 9.9 kW solar
Photovoltaic System with a capacity of 10 kW, active since January 2014. The electric characteristics of
PV modules are labeled under the term of STC (Standard Test Conditions), which are solar irradiation
of 1000 W/m2, solar spectrum AM 1.5 and temperature of 25 ◦C. Figure 1 shows the PV systems
located in the University.
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The monthly solar radiation data for the Dhaka university campus area (latitude of 23◦43′ North
and longitude of 90◦25′ East) are collected from HOMER via a NASA satellite [19]. In Figure 2,
the Global Horizontal Radiation (GHR) curve for twelve months is presented. The scaled annual
average radiation for Bangladesh is equal to 4.59 kWh/m2/day.
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3. Proposed Electric Buses for the University

According to the Bangladesh Road Transport Authority (BRTA), more than fifty thousand Electric
Vehicles (EVs) are available in each of Bangladesh’s major cities. The EVs include battery-operated Auto
rickshaw, electrically motorized rickshaw, electric two-wheelers, and electric bicycles [17]. While no
electrical buses are currently available in Bangladesh, a battery operated electrical bus for the students
of the Dhaka University is proposed. A charging station for this electric bus will be designed with a
9.9 kW solar Photovoltaic System near the University, described in the previous section. This bus will
be useful for pick-up and drop-off for students at different locations throughout Dhaka city. Due to
the unavailability, this kind of bus can either be imported, constructed, or fabricated from the local
market. In this situation, the initial cost could be higher in the long run; however, it is highly beneficial
for the country.

A bus with 14 seats is described in Table 1. It has a driving capacity of 100 km. Battery capacity
has a range of 8.64 kWh, while its maximum speed is 40 km/h and the energy consumption is
0.086 kWh/km [20]. In this paper, two electrical buses have been considered and all characteristics are
indicated in Table 1.

Table 1. Characteristics of the bus.
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Model LQY140A LQY140AN (Gear Box)

Qty/20 GP container Assembled: 1 unit, Disassembled: 2 units
Qty/40 HQ container Assembled: 2 units; Disassembled: 4 units
Passenger Capacity 14

Motor 5 kW
Battery 6 V × 12 pcs
Range 100 km

Max Speed 40 km/h
Climb Ability (loaded) 15% 28%

Charging Time 8~10 h
Kerb Weight 1200 kg 1220 kg

L ×W × H (mm) 4960 × 1430 × 2000

Obviously, the energy that must be provided to the vehicles depends on the difference between
the initial and final States of Charge of the battery (∆SOC). To calculate the energy required (Erich) for
each type of Electric Bus, it is possible to use the expression in (1):

EErich = ∆SOC·Cbat_BUS (1)

Particular attention is drawn to the time needed for recharging consumed energy (trecharge),
which is equal to:

trecharge =
Ec

Pcharge
(2)

where Pcharge is the charging power of the battery.
As mentioned earlier, the electric bus as a form of green transportation is proposed for use by

students of Dhaka University. It will be used for their pick-up and drop-off at the University. Once it is
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charged up from the CS, which is a 9.9 kW PV system, it would go on the drop-off and then return to
the charging station.

In this paper, two routes have been selected. The first route is from Dhaka University campus to
Uttara and is approximately 21.4 km (Figure 3a). The second route is from Dhaka University campus to
Jatra Bari. The bus could either move through the Jatrabari Gulsan flyover, which is 6.9 km, or through
Kazi Nazrul Islam Avenue, which is 21.3 km from the campus (Figure 3b).
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It has been considered that the bus must run four trips per day and each trip must cover 42.7 km,
so the total number of monthly trips will be 100. Buses cover then 51,240 km/year and need to charge
their battery 510 times per year. Therefore, annual energy consumption per year will be 4406.64 kWh.

4. Renewable Energy Sources, Load Profile, and System Design Using HOMER

The HOMER (Hybrid Optimization of Multiple Energy Resources) beta 2.68 version is a popular
simulation tool used for designing micro-grids that combine traditionally generated and renewable
power, storage, and load management with minimum per unit energy production cost. It is reliable
for micro-grid design optimization and feasibility for variations in technology costs, electric load,
and energy resource availability [18].

4.1. Load Profile Based on Collected Data

The monthly load profile is considered based on the demand of the campus. The load profile
varies between November to January when it is very low because the university is closed at that
time. From February to October, the load consumption becomes higher and the average kWh per day
required is 50.3 with a peak demand of 7.64 kW where the load factor is 0.274. In Figure 4 the profile,
a scaled data monthly averages of load, is provided [18].
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In HOMER according to the load consumption, an off peak time from 7 p.m. to 6 a.m. is assumed
when the load consumption is low, while the peak time starts from 6 a.m. and ends at 6 p.m. The daily
load variation is shown in Figure 5.
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4.2. Size Consideration of Solar Photovoltaic Array

To determine the PV size, different panel combinations are inserted in the HOMER software along
with other parameters to optimize the system’s performance. 20 years lifetime for the PV has been
considered and no tracking system has been employed [21,22]. The installation cost of PV arrays is
$0.0/WP because already 9.9 kW PV systems have been installed at the Dhaka University premises.
Moreover, to charge up the full battery of one bus, 2.2 kW is required daily in view of use during peak
hours 11 a.m. to 3 p.m. Therefore, two buses would require 4 kW per day, which can easily be supplied
from the installed PV system. Installation, replacement, and operating and maintenance (O&M) costs
for 1 kW PV are taken as $0, $1050 and $2/year respectively.

4.3. Battery Size and Converter

Electricity has been supplied from a battery to run the bus. This paper considered a battery
that has nominal voltage of 6 V, and a nominal capacity of 120 Ah (8.64 kWh per day). The battery
will be charged up from the charging station. The lifetime of the battery is assumed to be 5 years.
The installation, replacement, and operating & maintenance costs of one battery are taken as $200,
$800, and $1.2/year, respectively. A fully-charged battery requires 4 h of charging.

The converter is a vital part of the renewable power generating system. The converter is used to
convert the power from AC to DC or vice versa. For a 1 kW converter, the installation and replacement
costs are considered to be $220 and $250, respectively. Converter sizes considered in the simulations
are 1 kW up to 11 kW as the installed PV capacity is 10 kW. Inverter lifetime and efficiency are taken
as 15 years and 90%. Rectifier capacity relative to the inverter is considered as 100% and efficiency is
considered as 85%. O&M costs of a 1 kW converter are $20 per year.

4.4. Grid Connection to Microgrid System

A grid integrated distributed generation has recently become popular. In this paper, it is
considered that connecting the whole microgrid system, where the remaining power supplies the
national grid of Bangladesh to further grow economic development with a profitable sell back price,
will occur. Maximum grid demand is kept at zero, which means that the microgrid system cannot draw
power from the grid other than sales of maximum 20 kW per year to the grid. Grid interconnection
charge and standby charges are estimated at $0 (considering $270/kW) [23,24] and $100 per year.
Scheduled rates of electricity in Bangladesh are given below in Table 2.
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Table 2. Scheduled rate of National Grid Electricity in Bangladesh [23].

Model Rate (for 11 kV Line) Grid Power Price ($/kWh) Sell Back Rate ($/kWh) Demand Rate ($/kW/month)

Off peak 0.085 0.050 0.577
Flat rate 0.094 0.060 0.577

Peak 0.120 0.080 0.577

5. Green Transportation Model, Simulation Results, and Discussion

The microgrid system for green transportation in HOMER software chooses the option called
“System is connected to grid”. All the components of producing renewable energy are stored in the
HOMER library. In Figure 6, the designed system is shown with a proper arrangement to generate
clean energy. Here the batteries act as a load that is fed by PV arrays. After charging the full battery,
the remaining PV output is added to the grid. The converter is used here to convert the DC output
into the AC output.
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From the optimum result of the simulation, total annual generation from the PV array is
13,792 kWh and the annual demand for the charging station is 2861 kWh. The extra energy can
be retailed to the grid, which is 9837 kWh/year.

Total kilometer cover per trip is 42.7 km. HOMER depicts only ~1 ($0.012) taka per unit cost for
harnessing energy from the hybrid microgrid system deployed in the Dhaka University campus with a
feasible net present cost (NPC) of $676 (equivalent to BDT 54080). The variability of services can be
developed and distributed in different ways because the same services could be offered with different
frequencies during the days of the week or month. However, from this analysis, the system provides
23% of its energy generated for charging up the electric vehicles while the remaining 77% of the energy
is sold back to the grid annually. It is remarkable for a country like Bangladesh to be able to provide
extra energy to meet the daily demand.

It is also important to consider the environmental impact in terms of CO2 emission by the
consumption of such conventional vehicles. The total emissions of CO2 from a conventional vehicle
can be calculated as [25]:

CO2,CV = FC·CO2,g·CFw (3)

where CO2,CV is total emissions of CO2 from the conventional vehicle for each kilometer travelled;
FC is fuel consumption expressed in g/km; CO2,g is the amount of CO2 produced from the combustion
of a gram of gasoline. The complete combustion of 1 L of gasoline produces 2.4 kg of CO2. Assuming a
density of 700 kg/m3, 1 g of gasoline produces 3.42 g of CO2 [25]. Finally, CFw is a correction factor
that takes into account the production and distribution of gasoline. Sullivan et al. (2004) suggests a
correction factor of 1.162 for gasoline cars [24].

In conventional vehicles, which have on average 11.102 L/42.7 km of fuel consumption, the CO2

emission can be calculated around 1033.25 g/km/trip. In our case, per year the vehicle needs to cover
around 51,240 km, which in turns gives per year CO2 emission of approximately 52,943.75 kg/year,
this value has been calculated considering the route distance of 42.7 km per trip, which is currently
being travelled using conventional gasoline engine busses whose approximate fuel consumption is
around 11.102 L. We have considered 14 seated buses for our calculation. However, this value may
vary depending on different road and driving conditions.

Figure 8 shows yearly CO2 emissions for the oil-based transport system. Hence, we can clearly
see that our proposed model can also save the environment by reducing CO2 emissions.
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From the foregoing discussion, the importance of green mobility at the urban level can be
appreciated in a one-year period. Although producing clean energy is desirable, there are some
drawbacks that are major concerns for future research work. The first limitation is that the two buses
can only be charged up from the university campus. There are no other charging stations throughout
the route. Therefore, if an unexpected mishap occurs and the bus cannot be charged up, then the
transportation facility would have to be canceled for that day. Secondly, grid integration from the
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microgrid system is also a big challenge. If perchance there is difficulty to interconnect the system to
the national grid, then the stored energy will be sold out, keeping a good profit margin [24].

6. Conclusions

In this paper, we have proposed a complete new use for the existing installed solar PV panels at
the selected location, which will optimize the uses of the installed system. As the current system is only
being used to supply energy to the grid, we have performed an analysis that proved that the efficiency
of the generated energy can be enhanced by introducing an electric vehicle charging system. Our study
has shown that the overall cost of energy will be reduced remarkably as the system is already built into
the university campus so that the overall zero installation cost is needed to run the system. The energy
produced by the solar photovoltaic system installed in the Institute of Energy of Dhaka University can
provide up to 13,792 kWh/year, which can be utilized in a charging station (2861 kWh/year) for two
electrical buses and can be imported or constructed from the local market. Approximately 21% of the
total production can be used in the charging station for charging the electrical vehicles and the rest of
the energy can contribute to the national grid (about 9837 kWh/year).

The maximization of the energy flow from the PV system to the electric vehicle requires quite
long and low power charges that allow exploiting the hours when the production of the photovoltaic
shelter is high. However, a good idea could be to use an energy storage system.

Moreover, using this new concept of green transportation will ultimately reduce the greenhouse
gas emissions by 52,944 kg/year. Therefore, environmental pollution will reduce significantly.
Overall, green transportation will be extremely beneficial for the economy of the country as it will
reduce total load pressure on the electricity grid network and for the environment as it will lessen the
CO2 emissions in the air.
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