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ABSTRACT: Today, electric vehicles (EVs) have obtained much consideration for the transportation sector.
However, charging EVs is a challenging task without polluting the environment. Again, almost all the EVs in
Bangladesh are grid-dependent. A solar-based charging system of an EV is challenging especially when it
comes to the sub-tropical monsoon area. In this research work, a solar-based charging system of an EV is
investigated. The analysis found that this technology is economically viable and needs government support
for ensuring clean mass transport. The internal rate of return (IRR), net present value (NPV), the benefit-cost
ratio (BCR), annual life cycle savings are also found high enough for investment though the initial cost is
high. Another important finding is the determination of greenhouse gas (GHG) emission savings as this
technology is not dependent on traditional fuel sources.
Keywords: EV, Economic feasibility, GHG, Investment, Solar system.
Abbreviations: GHG, greenhouse gas; EV, electric vehicle; PBP, payback period; NPV, net present value; IRR,
internal rate of return; BCR, benefit-cost ratio; PV, photo voltaic; V, voltage; BDT, Bangladesh taka; AMP, ampere;
WH, watt-hour.
past decade, most research in electric vehicles has
I. INTRODUCTION
emphasized clean energy sources like solar. Hafez and
Bhattacharya (2017) investigated the optimum design
Sustainable energy is now a burning issue in today's
for the EV charging station and found that the smart
world. However, fossil fuels are the primary energy
energy hub, including the solar energy, was the most
resources to mitigate the energy demand. Previous
optimum one [8]. One of the well-known tools for
studies of Shafiee S. and Topal E. have discussed that
assessing the feasibility of a solar project is Retscreen
the energy consumption rate increases 2% per annum
software. This method is beneficial in studying the
[1]. Price is an exogenous variable that influences the
economic analysis of a project. In a study conducted by
consumption of fossil fuels. Consumers have to pay the
Akram et al., (2016), it was shown that the design
highest amount for the residential electricity
comparison between two solar projects based on
consumption per MW [2]. Renewable energy can play a
performance ratio [9]. In 2013, Tulpule et al. published a
significant role here, especially solar energy. It is more
paper on parking garage charging stations in which they
reliable, and less maintenance is needed. Within a
found ten years of simple payback period and the NPV
week, total solar radiation is equal to the world's fossil
of $120,000 in 30 years [10]. Tulpule's (2013) work on
fuel reserves [3]. This energy can be used not only for
economic feasibility is complemented by Castro's (2017)
electricity generation purposes but also for the
study of the feasibility of EV. In the study, Castro et al.,
transportation sector. GHG emission is another
(2017) found that the investment return is near about six
parameter that leads to minimizing the use of fossil
years for an EV with a particular solar system [11].
fuels. A study by Jaffery et al., (2014) discussed that the
transportation sector is responsible for 13.4% of total
II. MODEL REPRESENTATION
GHG emissions [4]. So, the solar photovoltaic projects
Sizing of the System. Sizing a photovoltaic (PV) plant
have gained attention on EV charging.
is essential to provide sufficient energy supply to the
Vogel (2009) described that EVs have more advantages
specific electric vehicles. The latitude of the Chittagong
than conventional ones [5]. Conversely, Zivin et al.,
division in Bangladesh is 22.3, and the longitude is 91.8
(2014) argued that EVs' advantages are lacking clarity
as the project location. For the PV plant, the selection of
when the emission is considered [6]. Electric vehicles
a solar module is essential. In Table 1, different solar
have a negative impact on the environment. Fossil fuel
modules' specifications and their prices are described.
is the main reason behind this result as the electricity
Model 4 has been selected for investigation based on
produced from it. Nevertheless, electric vehicles are
the efficiency size, and price.
environmentally friendly in solar energy [7]. Over the
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Battery storage is also essential for any solar project.
Different battery specification has been considered in
Table 2. For this analysis, among them, Model 3 is
considered.
Moreover,
the
preferred
inverter
specification along with the price is shown in Table 3.
For a battery-based system, a solar charge controller is
a critical component. It is generally not used in the gridtype solar system as there is no battery to charge. The
charge controller's first goal is to manage charge for the
battery bank—prevention of overcharging and managing
the rate of current and voltages, which helps to protect

the battery life. The specifications of the selected charge
controller are given in Table 4.
For this research work, BYD e6 electric car has been
selected. This electric car is composed of a 90 KWh
motor and 61KWh battery capacity. The top speed of
this vehicle is about 140Km/h. With an average speed of
85Km/h, the daily range is considered 1.1h or 93.5Km
[14]. The average energy consumption is calculated
based on the average energy demand in Watt-hour per
day in Table 5.

Table 1: Specification of solar panel [12].
Model name
Power(watt)
Cell type
Dimension
Max. operating (V)
Short circuit current
Max power current
Efficiency
Warranty
Price(BDT)

Model 1
PLM-310M-72
300
Mono
1956*992*40mm
36.59
8.78A
8.20A
21.24%
25
12,540

Model 2
SW270P-60
270
Poly
1640*992*40mm
30.88
9.41
8.74
16.97%
25
7,900

Model 3
ESPSC 285~310
310
Mono
1956*992*45mm
37.3V
8.9A
8.31A
16%
25
11,144

Model 4
Ine-275W-6M
275
Mono
1640*990*35mm
31.2
9.26A
9.09A
18.85%
25
9,886

Table 2: Specification of battery [13].
Model No.

Model Number

Voltage

Model 1
Model 2
Model 3
Model 4

FCDG12-200
RT122000
HTL12-300Ah
CS12-250

12V
12V
12V
12V

Nominal
Capacity
200Ah
200Ah
300Ah
250Ah

Weight

Type

Price(BDT)

58.6 kg
59 kg
77 kg
70 kg

Deep cycle solar gel
Lead acid
Deep cycle solar gel
Deep cycle solar gel

18,643
17,640
22,823
21,736

Table 3: Specification of the selected Inverter [13].
Brand name

Hinergy

Model number

IVT3.0KW

Output power

1-200KW

Output current

30A-75A

Input voltage

12V/24V/48V

Output voltage

AC 120/220V/230V/240V

Warranty

3 years

Price(BDT)

22,238

Table 4: Specification of selected charge controller [13].
Brand name
Model number
Type
Maximum current
Rated voltage
Weight
Efficiency
Price (BDT)
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Table 5: Daily energy consumption for BYD e6 electric car system.
Load

Quantity

Total Power

Use/ day (hr.)

Wh AC per day

Motor

1

90000

1.1

99000 Wh

Sizing of the Solar Array. Based on the efficiency, the
required energy is calculated. The required energy can
be found by the daily energy consumption ratio and the
overall component’s efficiencies [15].
Required energy  =

=

  




 


  

 

 

The selected location's average sunshine hours
are about  = 6.8h [16]. For determining the peak
power, the required energy is divided by the average
sun hours per day [17].
Peak power,
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For getting the desired voltage and current, the modules
are connected in series and parallel. The rated current
for one module is determined by the ratio of the selected
module power and the maximum operating voltage [18].
)+,
Rated current of one module = *(.)
=8.82 Amps
The number of parallel modules is found as the equation
given below [19]:
Number of parallel modules,
25  

  

  





+,

= .) = 86

As the maximum operating voltage is 31.2V for the
selected solar module, so 24V is taken as the module
rated voltage for this research work [28].
  78 

Number of series modules, 46 =

  

)3

=)3 =1

Finally the total number of modules needed for the
system are, 4 = 4! × 46 =86 × 1 =86
For the natural law, the module’s efficiency and the
ability to produce energy is decreased. 4% is
considered as the decreasing rate for this investigation.
The project will start with 86 panels, and after the year
of 25, this project is needed 121 solar modules. The
optimal azimuth and slope for Chittagong region are 0°,
24° respectively [20].
Sizing of the Battery. Sizing of the battery is important
for the solar system. The amount of energy required can
be calculated as the equation given below [21]:
=

 



  ×   
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The number of batteries required,
0B!B0CD EF CG ABCCHD ABI
(*)
4A =EBJ 0B!B0CD EF CG 6J0C/ ABCCHD = * = 4 batteries
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In this section, IRR, NPV, BCR and PBP are
determined. NPV can be determined from the difference
between the present value benefit and present value
cost, which can be shown as below [22]:
M
M
X
Q
− P
= YQ − YX
P
(1 + T)
(1 + T)
W

The total current is needed is calculated by the ratio of
the peak power and the system DC voltage. For this
research study, 24V is selected as the system voltage
[17].
 1 2
((
Current needed, ./0 =   = )3 =759 Amps

4! =

Number of batteries in parallel, 4!=

III. FINANCIAL AND ECONOMIC VIABILITY

=123750 Wh

.

The number of batteries in series 46 and parallel 4! will
be determined as below [22]:
6D6C KEJCBL
)3
46 = KEJCBL EF CG ABCCHD = ()= 2

W

Here, Q = expected benefit at the end of the year n, X =
expected cost at the end of year n, i = discount rate,
n=project duration in years, N= project period, PVB =
present value benefit and PVC = present value cost. If
the NPV is greater than zero, it means that the project
will add value to the firm or investor and create wealth
for shareholders.
The IRR that can be gained on the unrecovered project
balance of the investment [29]. If the IRR is greater than
the minimum acceptable rate of return or discount rate,
the PV project is known as an economic viable project.
This can be shown as below equation [22]:
M
M
Q
X
P
−
P
=0
(1 + T)
(1 + T)
W

W

Here, i=IRR.
BCR is the ratio between the total present value benefit
and total present value cost as shown in the below [17]:
QX =

Z[\
Z[]

By the payback period, the project break-even point can
be shown and it is calculated as given below [17]:
∑M
W(Q − X )
The total cost of this project is shown in Table 6. Now,
the total development cost for the electric car= Solar
panel cost + Battery cost + Charge controller cost +
inverter
cost
+
installation
cost
=
1196206+91292+22238+27588+119621
=
BDT
1456945.
The financial analysis deals with whether the investment
or the developed model is financially stable or not. For
this purpose, RETscreen software is used. Different
influencing factors have been considered for this
analysis. The inflation rate is considered 5.70% [23].
The fuel cost escalation rate is also considered, and that
is 7%. Again, for the low single phase 230V and 50Hz
cycle, the electricity bill rate for the business and
commercial is 12.36 BDT/KWh [24]. Moreover, the
minimum discount rate in Bangladesh is 5% [25].
Considering the current energy prices and required
energy, through the Retscreen software saving income
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summary was found. The periodic cost is considered
7 shows an overview of the financial viability of the
about 8% of the PV cost per 4 Years. Moreover, the
project.
spare parts cost is considered 2% of the PV cost. Table
Table 6: Total cost of the project.
Item

Required unit

Solar panel
Battery
Inverter
charge controller
Installation cost
Operation and maintenance
cost/ year
Total

121
4
1
1

Cost per unit
BDT/unit
9886
22823
22238
27588
10% of PV cost
3% of PV cost

Cumulative cost
BDT
1196206
91292
22238
27588
119621
35887
1492832

Table 7: Financial viability of the project.
Financial viability
Pre-tax IRR – equity
Pre-tax IRR – assets
After-tax IRR – equity
After-tax IRR – assets
Equity payback
Simple Payback
Annual life cycle savings
Benefit-Cost (BCR) ratio
Net present value
GHG reduction cost

Year
Year
BDT/year
BDT
BDT/tCO)

A project's investment will be profitable if the IRR
exceeds the market interest rate and the NPV also more
remarkable than zero [26]. It is apparent from this table
that the IRR is far greater than the minimum discount
rate. Moreover, the NPV is BDT 13,908,675, which is
much greater than zero. While saving can be defined as
expanding the reserve against unexpected accidents
[27]. For annual life cycle saving, it is BDT/year
986,855. The single most striking observation is the
simple PBP which is only three years in a 25 years
lifespan. The cumulated cash flow is also given in Fig. 1.

41.6%
41.6%
41.6%
41.6%
2.6
3.0
986,855
10.39
13,908,675
42,950

V. DISCUSSION
Prior studies that have noted the importance of electric
vehicle for the transportation sector. Several reports
have shown that for charging the electric vehicle, solarbased charging stations have gained attention. The
initial objective of this project was to identify economic
viability. Based on IRR, NPV, and BCR values, the
project is an economically captivating one. Another
interesting finding was that the project would be helped
in maintaining the GHG reduction cost BDT/tXa) 42,950
per year. Surprisingly, the project's simple payback
period is three years only in 25 years of project life.
These results further support the research of Castro et
al. (2017) [11]. Therefore, the solar system may be a
crucial source shortly.
VI. CONCLUSION
The present research aimed to examine the economic
feasibility of a solar system for an electric vehicle. This
study has shown that the proposed project of the solar
system is financially viable for the investor. The second
significant finding was the greenhouse gas emission
analysis of the system. These findings suggest that the
project is a profitable one in general though the initial
investment cost is high.
VII. FUTURE SCOPE

Fig. 1. Cumulated cash flow of the project.
IV. EMISSION ANALYSIS

This study lays the groundwork for future research into a
solar-based electric vehicle. The scope of this study was
limited in terms of risk analysis. Further research could
usefully explore how this system can be implemented in
the mass transportation sector.

GHG emission is also analyzed for the project. Natural
gas is the main energy source to produce electricity in
Bangladesh. In this research work, natural gas is
exchanged by the PV system to determine the emission
ACKNOWLEDGEMENT
analysis. For electricity producing purpose, 0.578 tone
It is our pleasure to acknowledge all the people who
Xa) is decreased if the solar system is used rather than
have helped us in the preparation of this research
using the natural gas. By using this project, per year 23
article. I would like to thank my supervisor Dr.
tones of Xa) emission can be reduced.
Hasan & Rashed
International Journal on Emerging Technologies
12(2): 207-212(2021)
210

Choudhury Abul Anam Rashed, Professor, Department
of Industrial and Production Engineering, Shahjalal
University of Science and Technology for his valuable
guidance and advice at different stages of this
research study. It would be quite impossible to carry on
this research work and make it into the final shape
without his guidance and sympathetic encouragement.
Conflict of Interest. No.
REFERENCES
[1]. Shafiee, S., & Topal, E. (2009). When will fossil fuel
reserves be diminished? Energy Policy, 37, 181-189.
[2]. IEA. (2017). World Energy Outlook-2017 - IEA.
Retrieved
March
3,
2018,
from
https://www.google.com/search?q=world+energy+outlook+
2017+pdf&oq=world+enegy+outlook&aqs=chrome.1.69i57j
0l5.8341j0j8&sourceid=chrome&ie=UTF-8
[3]. Hedley, D. (1986). World energy : the facts and the
future. Euromonitor Publications.
[4]. Jaffery, S. H., Khan, M., Ali, L., Khan, H. A., Mufti, R.
A., Khan, A., & Jaffery, S. M. (2014). The potential of solar
powered transportation and the case for solar powered
railway in Pakistan. Renewable and Sustainable Energy
Reviews,
39,
270-276.
Retrieved
from
https://www.sciencedirect.com/science/article/pii/S1364032
114004778
[5]. Vogel, C. (2009). Build Your Own Electric Motorcycle.
McGraw
Hill.
Retrieved
April 22,
2018,
from
http://s1.downloadmienphi.net/file/downloadfile6/192/13836
47.pdf
[6]. Zivin, J. S., Kotchen, M. J., & Mansur, E. T. (2014).
Spatial and temporal heterogeneity of marginal emissions:.
Journal of Economic Behavior & Organization, 107, 248268.
Retrieved
from
https://www.sciencedirect.com/science/article/pii/S0167268
114000808
[7]. Delmas, M. A., Kahn, M. E., & Locke, S. L. (2017). The
private and social consequences of purchasing an electric
vehicle and solar panels: Evidence from California.
Research in Economics, 71(2), 225-235. Retrieved from
https://www.sciencedirect.com/science/article/pii/S1090944
31630254X
[8]. Hafez, O., & Bhattacharya, K. (2017). Optimal Design of
Electric Vehicle Charging Stations. Renewable energy, 107,
576-589.
Retrieved
from
https://www.sciencedirect.com/science/article/pii/S0960148
117300769
[9]. Akram, I., Awais, M., Bashir, A., Khan, R. A., & Iqbal, J.
(2018). Design and analysis of 300MW solar configuration
and its comparison with Quaid-e-Azam solar park. 2018
International Conference on Engineering and Emerging
Technologies (ICEET). Lahore, Pakistan: IEEE. Retrieved
from
https://ieeexplore.ieee.org/abstract/document/8338638/
[10]. Tulpule, P. J., Marano, V., Yurkovich, S., & Rizzoni, G.
(2013). Economic and environmental impacts of a PV
powered workplace. Applied Energy, 323-332. Retrieved
from
https://www.sciencedirect.com/science/article/pii/S0306261
913001876?via%3Dihub
[11]. Castro, T. S., Souza, T. M., & Silveira, J. L. (2017).
Feasibility of Electric Vehicle: Electricity by Grid ×
Photovoltaic Energy. Renewable and Sustainable Energy
Reviews,
69,
1077-1084.
Retrieved
from

Hasan & Rashed

https://www.sciencedirect.com/science/article/pii/S1364032
116305895
[12]. Alibaba. (2018, january 11). Retrieved from Electronic
Components
&
Supplies:
https://www.alibaba.com/?spm=a2700.details.scGlobalHom
eHeader.3.1a2e60aeqRjTib
[13]. global source. (n.d.). Retrieved february 4, 2018, from
Batteries
&
Accessories:
http://www.globalsources.com/?WT.mc_id=1001007&WT.sr
ch=1&gclid=CjwKCAiAweXTBRAhEiwAmb3XuwH8gCAQjZ
uMhQP1ADzreW71rT9H8wJSPiAA_we_9DmV32NWSZQC
YRoCbz0QAvD_BwE
[14]. Build your dream. (n.d.). (BYD corporation) Retrieved
january
15,
2018,
from
http://www.byd.com/la/auto/index.html
[15]. Aligah, M. A. (2011). Design of Photovoltaic Water
Pumping System and Compare it with Diesel Powered
Pump. Jordan Journal of Mechanical and Industrial
Engineering,
5,
273-280.
Retrieved
from
http://jjmie.hu.edu.jo/files/v5n3/JJMIE%20252-09.pdf
[16]. Chittagong, Bangladesh - Average monthly weather Detailed climate. (n.d.). Retrieved january 12, 2018, from
https://www.weather-atlas.com/en/bangladesh/chittagongclimate
[17]. Hasan, M. R., Hasan, M. M., Ranjit , B., & Parvej, M.
M. (2017). Technical and Economic Viability of A Proposed
Solar Street Lighting System for SUST. International
conference on Industrial & Mechanical Engineering, and
Operations Management. IEOM Society of Bangladesh.
Retrieved
from
http://www.ieombd.org/wpcontent/uploads/2018/03/Test-Proceedings-Beta-100318Test.docx
[18]. GATE, S. (2018). How to Calculate Amps on a Solar
Panel | Home Guides | SF Gate. Retrieved from
http://homeguides.sfgate.com/calculate-amps-solar-panel79495.html
[19]. Rawat, R., Kaushik, S. C., & Lamba, R. (2016). A
review on modeling, design methodology and size
optimization of photovoltaic based water pumping,
standalone and grid connected system. Renewable and
Sustainable Energy Reviews, 57, 1506-1519. Retrieved
january
17,
2018,
from
https://www.sciencedirect.com/science/article/pii/S1364032
115016111
[20]. Mukherjee, S., & Razzak, M. A. (2016). Design,
analysis and optimization of grid-connected solar
photovoltaic system using RETScreen in eight divisions of
Bangladesh. 3rd International Conference on Electrical
Engineering and Information Communication Technology
(ICEEICT) (pp. 1-6). Dhaka, Bangladesh: IEEE.
doi:10.1109/CEEICT.2016.7873120
[21]. Haque, S. M. (2012). BUET Central Library. Retrieved
February 1, 2018, from BUET Institutional Repository:
http://lib.buet.ac.bd:8080/xmlui/handle/123456789/3413
[22]. Sowe, S., Ketjoy, N., Thanarak, P., & Suriwong, T.
(2014). Technical and Economic Viability Assessment of
PV Power Plants for Rural Electrification in The Gambia.
Energy Procedia, 52, 389-398.
[23]. bank, B. (2017). Inflation - Bangladesh Bank.
Retrieved
March
5,
2018,
from
https://www.bb.org.bd/econdata/inflation.php
[24]. Tariff Rate - BPDB. (2017). Retrieved March 12, 2018,
from
http://www.bpdb.gov.bd/bpdb/index.php?option=com_conte
nt&view=article&id=231
[25]. bank, B. (2018, January). Retrieved March 12, 2018,
from https://www.bb.org.bd/econdata/intrate.php

International Journal on Emerging Technologies 12(2): 207-212(2021)

211

[26]. Ross, S. A. (1995). Uses, Abuses, and Alternatives to
the Net-Present-Value Rule. Financial Management, 96102. doi:10.2307/3665561
[27]. Modigliani, F. (1988). The Role of Intergenerational
Transfers and The Life Cycle Saving in the Accumulation of
wealth. Journal of Economic Perspective, 2, 15-40

[28]. Wikipedia. (n.d.). BYD e6. Retrieved january 13, 2018,
from https://en.wikipedia.org/wiki/BYD_e6
[29]. Park, C. S. (2007). Contemporary Engineering
Economics (Fourth ed.). Pearson Prentice Hall.

How to cite this article: Md Rabiul Hasan and Rashed, C. A. A. (2021). Economic Feasibility and Environmental
Aspects of an Electric Vehicle by using Standalone Photovoltaic Energy. International Journal on Emerging
Technologies, 12(2): 207–212.

Hasan & Rashed

International Journal on Emerging Technologies 12(2): 207-212(2021)

212

