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ABSTRACT

This work presents an algorithm for managing energy at an electric vehicle charging station (EVCS) that takes
techno-economic and environmental issues into account. The station is a hybrid, using solar power and biogas as its
fuel sources. The suggested approach optimizes renewable energy usage and real-time charging prices for a 20-kW
EVCS by managing power production, EV power consumption, charging times, and existing charging rates using a
fuzzy inference system in MATLAB SIMULINK. When compared to current flat rate tariffs, the findings
demonstrate that the suggested algorithm delivers reduced charge prices for both weekdays and weekends and cuts
energy expenses by 74.67%. Greenhouse gas emissions are significantly reduced by the integration of hybrid
renewables, and owners of charging stations have very short payback periods, making the project economical.

Index Terms: REnewable Energy, Electric Vehicles, Charging Stations, Fuzzy Logic.

I. INTRODUCTION

Rising worldwide energy consumption has hastened the depletion of fossil fuel reserves, which in turn has
exacerbated already-existing environmental problems and accelerated the process of climate change.
The transportation industry is a major source of global greenhouse gas (GHG) emissions, second only in importance
to the energy sector, because of the rising use of fossil fuels [1]. Electric vehicles (EVs) provide a number of social,
economic, and environmental advantages, and as a result, the governments of several nations are striving to
transition from traditional to green transportation systems. Even though these electric vehicles don't use fossil fuels
in their operation, they nonetheless end up using more fossil fuels than they would otherwise since they get their
power from the grid that uses fossil fuels. Consequently, scientists all over the globe are working to find more cost-
effective and environmentally friendly renewable energy sources in order to close the power demand-supply gap [2,
3]. Additionally, the absence of charging facilities hinders the quick adoption of electric vehicles as an affordable
transportation option, particularly in developing nations. Thus, electric vehicle owners charge their batteries via their
home's electrical outlet, resulting in a significant loss of power system efficiency and a worse profitability index [4].
Furthermore, due to their non-linear behavior, many EV chargers cause power quality issues when connected to the
distribution grid. These issues include voltage fluctuations, harmonics, and power loss [5]. The distribution
network's power quality issues are caused by EV charging techniques that are not coordinated and are inefficient [6].
Reformulating charging patterns [7], enhancing converter topologies [8], incorporating renewable resources [9], and
employing energy management approaches [10] can all help with these issues. The most eco-friendly and
economically viable option is to make use of the renewable resources that are already available.
Additionally, it improves electricity quality while reducing strain on the utility system [11], [12].
Renewable power-generation infrastructure is expensive and has intermittent features, but these resources have
grown in relevance due to their low maintenance requirements, minimal environmental impact, and cost-
effectiveness [13]. But since renewable power supply is unpredictable and subject to change, using it to charge
electric vehicles compromises system stability and security. The use of hybrid renewable resources at EV charging
stations may circumvent these constraints [14]. As in other developing nations, there is a considerable number of
operating battery-operated EVs in Bangladesh, but there is also a lack of charging infrastructure and regulations.
Nevertheless, with an effective charging management system, Bangladesh offers great promise for harnessing
renewable energy sources like solar and biogas to power electric vehicle charging stations (EVCSs) [15]. Solar
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energy is essential for power production, but it can only be successfully gathered during certain hours of the day
[16]. When solar energy isn't available, biogas resources may step in and provide power [17]. Thus, combining these
resources may lead to more efficient and dependable electricity production. Studies on renewable energy hybrid
power production have shown that it is sustainable, efficient, and cost-effective [18], [19]. However, producing

hybrid power for electric vehicle charging is greatly impeded by the absence of an energy management system.

TABLE 1. Literature related to the energy management system using
various optimization methods.

Rel., Methed Contributions Future Scopes
year
[27] Adaptive real- | It reduces EV charging | Only performed
2020 | time dynamic | costs by up to 553% and | optimization for
PIOETAMIIng 29% in summer and | solar PV-based
winler, respectively, by | EVCS and
considering  dynmamic | neglected  the
tariff, actal PV data, | deparmore time of
and wvehicle parking | EVs.
behavior.
[28] Multi- Proposed a  flexible | Only  analyzed
2021 ohjective scheduling  framework | daily scheduling
particle swarm | of PV-powersd EVCS | operation  and
aptimization based on daily usape, | requires  further
including EV demand | analysis for a
and the remaining state | longer duration,
of charge of EV
batteries.
[29] HOMIER Presents a grd- | Huge infiltration
2020 | techno- connected  PV-battery | of  renewables
economic system that reduces the | and EV charging
issues EV charging cost and | patterns has not
emission pollution. been considered.
[30] Mixed integer | The proposed model | Further rescarch
2020 | linear can reduce up to TEI% | 15 required  on
programiming of BV charging costs | EV charging
compared  to the | behavior and the
exigting  system by
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considering traffic route | integrabion of
selection, renewables.,
[31] | Parameter Esrablished coordinated | It only considers
20200 | adaptive scheduling  of EV | wind power
differential charging using a wind | systems and
evolution power  system that | does not
algorithm increased wind power | consider hybrid
absorption and reduced | renewahle
the charging cost and | energy
GiHCG emission. TESOUITER.
[32] | EV charging | Demonstrated that solar | The  charging
2020 | scheduling PV based EVCS | perod/duration
using minimizes charging | and cxisting
Bayesian costs by considering | tanff have not
network EV  charging  demand | been considered.
and  solar output
generaticn.
[33] | NSGA-l- It presented an | It integrates
2021 | based method | optimization approach | wind energy for
and  Monte- | to lower charging costs | EVCS, and
Carlo methaod than  existing  tanfls | hybnd
considering load | renewables may
demand, energy cost, | consider for
and state of charge of an | boosting  utility
EV battery. arid strength.
[34] Dynamic Proposed a  novel | The EV charging
2009 | programming energy  management | behavior, such as
and stochastic | strategy o0 reduce | charging
analysis charging  costs  using | duration anid
multi-source EVCS by | time of charging,
considering DERs, | is not
stationary ESS, and | considered.
V23,
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TABLE 1. (Continued.) Literature related to the energy management
system using various optimization methods.
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[35] | Evolutionary Reported a comelation | EV charging
2020 | particle swarm | between energy  cost | perlod/duration
aptimization and contro]l metrics by | and  renewable
considering  dynamic | energy
prices, EV charger type, | integration have
and distribution | not been
network restrictions, considered,
[36] Approximate This study presented a | Integration  of
2019 | dynamic cost reduction of over | renewables, time
programming 50%  compared  to | of charging, and
(ADP) and the | conventional charging | duration  have
evolution by considering dynamic | not been
algorithm tariffs and charging | considered.
(EA.) demand.
[37] | Monte-Carlo Proposed o technique to | It did  not
2020 | simulation determine an  optimal | consider
number of charging | renewable
points in EVCS and | energy
reduce the charging and | integration and
walling limes. EV charging
cost,
[38] Mixed mteger | Improved the voltage | Only several
2019 | non-linear profile and optimized | EVs are
Programming power loss  of  the | considered,
distribution  grid by | while the period
considermg DERs and | and duration of
the number of EVs, charging are
ignored,
[39] It reduced EV charging | EV charging
2019 | Mixed integer | costs by integrating PV | pattemns and
linear syslems, other renewables
programming have not been
considered,
[40] | Teaching- Proposed a PV-wind- | EV charging
2018 | Learning battery  hybrid system | behavior,  and
Based that minimizes energy | charging period,
Optimization costs considering EV | Le,  peakioll-
power demand. peak hour, have
not heen
considered.

To improve dependability, it is necessary to analyze the uncertainties associated with renewable energy integration
for electric vehicle charging [23]. When it comes to charging electric vehicles, hybrid systems that combine solar
and biogas are more efficient than solo PV systems [18], [23]. Therefore, to make the most of renewable energy
sources, an energy management system is necessary for charging electric vehicles. Studies on optimizing EVCS
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have taken into account factors such as location, EV power consumption, charging priority, and charging time [43],
[47], and [50]. Additional study is needed to optimize EVCS taking into account the charging period (peak/off-peak
hour), power output from renewables, EV power consumption, and real-time charging cost. This is important since
most electric vehicles visit charging stations during peak hours. Congestion at charging stations and poor power
quality caused by increased demand are consequences of charging EVs at fixed costs.

TABLE 2. Sammary of fuzzy logic-based EVCS optimization approaches.

Considered EV
parameter

Contributlion

Future Scopes

EY battery
state of charge,
parking
duration,  and
power
availability

Proposed a fuwey
logic-based
charging  scheme
for optimal power
distribution to the
EVs, reducing
stress on the power
grid.

This CHCTEyY
management
scheme has not
considered
charging cost,
specd, availability,
and user
satisfaction.

[44]
201

EWV walting
tirme

Fuzrry logic-hased
charping
scheduling
balances the
charging  request
rate and reduces
congestion  in &
charging station.

(ther performance
factors, ie.,
charging cost,
availability, speed,
and renewable
integration must be

comsidered,

[45]
2018

Charging
CcOnvenience,
charging
period, arid
cost

Furry logic-hased
oplitnization is
proposed
considering  wser
satisfaction,
charging time, amd
cosl

Real-time charging
costs and  grid
siress are not
retlected,

[46]
2019

EW  demand,

time of use

Reduses charging
costs, sahisties EWV
demand, ard
avolds overloading
by considering the
time of use, crtical
peak  price, and
real-time pricing.

EV wailing  tirne
and ntegration of
renewables are nol
considered.
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[47] EW battery | It presents a | Power availability,
2019 | 80,  amwval, | charging prionity | integration of
and  departure | identification renewables,  and
time, chargmg | method using peak | EV walting time
cost power demand and | can be considered
charging cost.
[45] Battery SO, | Proposed a furry | Charging cost,
2018 grid  wvoltage, | logic-based availability of
the charpging | charging approach | charging slots, and
period conzidering specd  must be
charging tirme, | considered foar
hattery 50, and | optmization.
grid voltage.
[49] linitial  battery | Presented fuzzy | EV waiting  time
2018 | SOC, solar | control-based and real-bme price
irradiance, and | EVCS by | are not considered.
number of EVs | considering  mmital
S0C, pumber of
EVs, and solar
irradiance.
[=0] EW power | It proposes a fuzry | Rencwable encrgy-
2007 | demand oplimization based charging
model to maximize | scenaros can  be
the parking o considered,
profit by sabsfying
Ev OWTICT
requirerments.,
[51] Charging Demonstrated  an | The charging
2017 | reservation optimization period (i.c., peak or
liftie, scheme based on | offpeak hour) snd
clectricity price | charging integration of
reservation  time, renewables can be
derivation of | considered.
charging
reservalion  lime,
and electricity cost.

such as those that operate distribution networks, own charging stations, and drive electric vehicles. Furthermore,
there is a lack of environmental and techno-economic evaluations of energy management algorithms in the current
literature [40], [46]. The following are the contributions to this study: 1. A review of the environmental problems
caused by using fossil fuels and the need of finding renewable energy alternatives. 2. Emphasizing the possibilities
of renewable energy sources like solar and biogas in Bangladesh, but also highlighting the problems and restrictions
of electric vehicle charging in underdeveloped nations Third, a survey of the research on energy management
algorithms for electric vehicle charging, paying special attention to algorithms grounded on fuzzy logic.
4. An energy management method supported by fuzzy logic that takes hybrid renewables into account while
charging electric vehicles. 5. Evaluating the prospective energy management algorithm for electric vehicle charging
from a techno-economic and environmental perspective Here is how the remainder of the paper is structured. In
Section II, we learn about the renewable energy sources in Bangladesh and how far along the EVCS is. The
suggested hybrid EVCS's conceptual design and cost estimate are then presented in section III. Section IV then
shows an optimization technique for electric vehicle charging that makes use of solar and biogas resources, based on
fuzzy logic. A case study of weekday and weekend consumption is included in Section V, which also gives the
findings and discussion of the proposed EVCS. It goes on to detail the various renewable energy sources and their
respective GHG emissions. Section VI concludes the study and discusses potential avenues for further study.

II. CURRENT STATUS OF ELECTRIC VEHICLES AND RENEWABLE POTENTIAL IN
BANGLADESH
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More than one million electric vehicles (EVs)—including BEVs like auto-rickshaws, simple cycles, and
minshuku—are presently operating in Bangladesh, according to a recent research [52]. From 100 to 160 Ah of
electric charge is stored in each of the four or five 12 V batteries used in an electric vehicle. From a 220 V AC
source, these electric vehicles' batteries are charged using a charger based on a switch mode power supply (SMPS).
Because most electric vehicles don't run during the day, charging them at night is a disorganized mess that might
cause accidents. There is currently no licensing scheme in place by the Bangladesh Road Transport Authority
(BRTA) [53], even though electric vehicles are being adopted at a fast pace in the country.
As of recently, a new electric vehicle charging fee was put in place by the Bangladesh Electricity Regulatory
Commission... Users are required to pay a demand charge of 0.4705 USD per kW per month in addition to a
charging fee of 0.0906 USD per kWh. The widespread use of electric vehicles in Bangladesh makes the
establishment of licensing laws and charging standards all the more urgent.
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FIGURE 1. Month-wise solar radiation profile (Sunshine duration and
Clearness index) in Bangladesh.

A. RENEWABLE SOURCES IN BANGLADESH: SOLAR BIOGAS

Rapid growth in Bangladesh's electrical generating industry has prompted the government to seek out renewable
energy sources including solar, biogas, and wind in an effort to create a structure that is economical, efficient, and
environmentally friendly. On a daily basis, Bangladesh receives around 5 kWh/m2 of insolation, and the amount of
time that solar radiation is really effective is about 4 to 5 hours [54]. Solar power production in Bangladesh seems to
be promising under this situation. There are 722.60 MW of installed capacity for power production that is based on
renewable energy. This has led to the installation of over 65,000 solar household systems every year, for a total of
4.5 million [55]. Solar irradiation profiles for several locations of Bangladesh are shown in Figure 1 [56].
In addition, biogas resources, including animal and municipal solid waste as well as other biodegradable wastes, are
abundant and may be used to generate energy. With such a big population, there is a great deal of potential for
producing energy from garbage in Bangladesh, where the typical individual generates 0.5 kilogram of trash each
year. In Keranigonj, Dhaka, there is a government-run biogas facility that is | MW in size. Installation of off-grid
biogas plants around the nation is the responsibility of the Infrastructure Development Corporation Limited
(IDCOL). Bangladesh still lacks the installation of solar biogas hybrid power plants, which might significantly
improve the country's energy generating efficiency. Renewable energy in Bangladesh: what the future holds (Table
3).

II1. DESIGN OF PROPOSED HYBRID RENEWABLE ENERGY-BASED EVCS

The planned electric vehicle charging station (EVCS) and its anticipated cost are detailed in this section using a
conceptual
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Renewable source Off-grid On-grid Taotal
(MW (MW) (MW)
Solar 346.58 142.1 488.67
Wind 2 0.9 29
Hydro 0 230 230
Biogas 0.63 0 .63
Biomass 0.4 0 0.4

Controller

FIGURE 2. Conceptual block diagram of the proposed EVCS.

diagram of blocks. A power production system that uses solar energy and biogas is included into the planned
charging station.

A. The EVCS's Conceptual Block Diagram

The 20-kW EVCS is shown in Fig. 2, where the solar and biomass/biogas resources provide 10 kW each to the
hybrid power output. Here is how the planned EVCS expresses the power output:

Pgen =f (5. W) (1)

where's' stands for solar irradiation and 'w' for waste inputs. On most days, you can expect to see the sun from eight
in the morning until four in the afternoon. On cloudy or rainy days, solar power cannot be produced. When solar
power isn't an option, biogas resources are turned into electricity. First, the trash is put into the digester, where it
undergoes fermentation to produce biogas. The next step in turning the biogas into power is to feed it into the
generator. Slurry is another byproduct of the biogas system that finds application in the agricultural and aquaculture
sectors. The charging station draws electricity from the utility grid when the demand for electric vehicles is higher
than the power it can produce. Here, a fuzzy logic controller is used to minimize the cost of charging various electric
vehicles at different times. Considered input factors include the availability of output-generated power, the power
requirement of the EVs, the charging duration, and the current charging rate.
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TABLE 4. Cost of hybrid renewable energy-based EVCS.

[tems and Capital Replacement O&M Lifetime
specifications cost cost cost/vear (years)
(USD) (USD) (USD)
Py (10%W) 10000 5000 10 25
(37 % 275 W)
Biogas
2000 1000 50 5
generator

(10 kW)

Digester 5000 2800 1100 5
(2% 48 m’, 2
1=32m")

Bidirectional R
2000 1000 2 5
converier

(10 kW)

Chargi

g 200 100 50 5
assemblics

(12V, 100
Ah- 5 Pes)

The output variables are the cost of charging and the usage of renewable energy sources. The proposed EVCS will
be cost-estimated in Section B. The planned charging station's total cost includes the initial investment, replacement
cost, and operating and maintenance expenses for the hybrid renewable energy system. Solar photovoltaic systems
(37 modules, 10 kW, 275 kW), biogas generator, three digesters (4.8 m3, 4.8 m3, and 3.2 m3), bidirectional
converter, batteries, charging assemblies, and so on are the main components needed for this charging station. The
size and rating of the solar panels and methane digesters are chosen according to what is commercially available
[18]. Here are the costs and advantages of the planned charging station, as shown in Table 4.

IV. FUZZY LOGIC-BASED ENERGY MANAGEMENT SCHEME

The energy management system and optimization model for electric vehicle charging stations (EVCS) that use
hybrid renewable resources are detailed in this section. A number of objective functions are considered by the
optimization algorithm, which may seek to maximize or minimize them.

The EVCS Energy Management System

Both reducing the billing rate and making the most of renewable resources are goals of the energy management
algorithm. These are the possible ways to represent the objective functions:

Min {Clﬁ'ha."p:}rp) and Max (Renyitization)

This objective function works under the following constraints:

SOCpar = SOC; = S0C pin (2)
(SOCmax — SOCmin) % Chan .
Ip= ;
N % Ley
0=Tp=10and Ly € (1, 2) (3)
PGen = Prves (4)
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The charging period, denoted as TD, may range from zero to ten hours. The charging level is represented by LCh.
Since the places under consideration do not have access to Level 3 charging (=50 kW), this research just takes Level
1 (3.7 kW) and Level 2 (6.6 kW) into account. The PGen, or produced power, is contingent upon the accessibility of
sustainable resources. Variation in power costs within the planned EVCS also impacts it. When a diesel generator is
available to handle peak demand, the power limit becomes much more valuable. To prevent deterioration of EV
batteries, the SOC limits are used in this article. Additionally, for more practical electric vehicle charging, the
battery is primarily responsible for meeting the high/low ramp rate that typically matches with SOC restrictions.
Electric vehicle power consumption is proportional to state-of-charge and battery capacity. The suggested model
takes a 20% SOC as a minimum and an 80% SOC as a maximum. For the EVs that are being examined, the battery
capacity ranges from 8 kWh to 10 kWh. According to the early SOCs, the planned hybrid renewable power can
recharge 15-20 EVs each day. The EVCS's power demand and its self-generated power must be at least equal. Under
these conditions, the use of renewable energy sources reaches its peak. The time needed to recharge the batteries is
known as the charging duration, or TD. What follows is an expression for the EV charging duration:

I'p = T.‘:.'e}p =T Ty (5)

Siart o

The charge beginning time is Tstart, the departure time is Tstop, and the waiting time is Tw. The time it takes to go
from Tstart to the point when charging is disconnected is called the charging period.
There are two halves to the charging time, TC: the peak and the off-peak. Four factors—power availability, EV
power consumption, charging duration, and current tariff—determine the total real-time charging cost. The
following is one way to put it.

o — PeakHour (5PM — 11PM) ©)
“ = off — PeakHour (11PM — 5PM)

Factors such as state of charge (SOC), charging duration (TD), battery capacity (CBatt), and current charging cost
(r(t)) determine the real-time charging cost (fc) for electric vehicles. The total power demand of the EVCS is
increased when an EV comes with a low state of charge, which in turn raises power consumption. There is a set
charge for both peak and off-peak times in the case study region, but the charge changes for other periods. Below,
we can see that fc is produced by taking the definite integral inside the interval from Tstart to Tstop.

f. _ /Tﬂ;:,ﬂ {SGCH?{H — SDCJ x Cﬁmr “r ”} d}‘ (?]
{ T. Ip

sart

Multiplying the entire anticipated generation, PGen, from the EVCS by the conventional energy price per kWh,
CkWh, yields the annual cash in-flow. The return upon investment
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XX
=

Sular-Biogas
ﬂ '-""-_..____ A ﬁ‘lll‘ﬂﬂ.—cﬂﬂ

EV-Power-Demand //
0

E E’f e (Mamdsnd)
Charging-Pariod
=" ;"x{f
e Renewable-Utilization

Excisting-Tor ifF

FIGURE 4. Furzy (Mamdani) optimization model for EVCS.

period can be calculated using the following equation (8).
Cmp + Cre‘p + Ca&m
PGen x Ciwn x T

PBP =

(8)

The capital cost and replacement cost are denoted by CCap and Crep, respectively, while the operation and
maintenance cost is represented by Co&m. For solar and biogas projects, the project lifespan is represented by 'T,’

which impacts the payback period differently. For a project to be considered successful, its payback period should
be shorter than its lifespan.
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V. ANALYSIS OF RESULTS AND CASE STUDY
A fuzzy "if-then" rule-based method is used by the suggested optimization system. The data of the existing battery
EVs in Bangladesh is used to determine the membership functions. The fuzzy rule viewer with 18 rules applied is
shown in Fig. 6. The fuzzy rule viewer provides a numerical representation of the relationship between input
variable changes and output variable changes. The optimization strategy's rule organization may also be seen with
the use of a fuzzy rule viewer. Factors affecting output include hybrid power generation, electric vehicle power
consumption, charging time, and current tariff. During both peak and off-peak hours, the current rate remains
constant. It is clear that the charge rate changes for various intervals while using this rule viewer, however.
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FIGURE 6. Fuzzy rule viewer.

310



International Journal of

Information Technology & Computer Engineering

.
'a

Charging ot
G Wk B ou W

BargingLosl
.

Et

1 - x
EV-PosgrDevastd 0 0 E

“’-"

Posr-Ganarabion

ISSN 2347-3657

Volume 13, Issue 2, 2025

C hangirg -G ot
w B wn

ED. +
Exlsning-Tarlf 0

¥ a0

FIGURE 7. Surface view of output and input variables. (A) Sarface view of
Power-Generation, Charging-Period, and Charging-Cost, (B) Surface view
of EV-Power-Demand, Existing-Tariff, and Charging-Cost, (C) Surface view
of Power-Generation, EV-Power-Demand, and Charging-Cost, (D) Surface
view of Power-Generation, EV-Power-Demand, and Renewable-Utilization.

To reduce the expense of charging electric vehicles, the suggested fuzzy-based optimization takes solar and biogas
resources into account. Several variables affect the amount of time it takes to charge an electric vehicle's battery,
including the driver's arrival and departure times, the vehicle's capacity, the degree of charging, the driving range,
and the battery's current state of charge. Flat rate tariffs are available to EV consumers via conventional EVCS. So,
power quality issues arise during peak hours since EV consumers show up at EVCS at random. Not to mention that
EVCSs powered by solar energy can keep EVs juiced up all day long. Consequently, EVCSs that use solar biogas
and have variable charging rates encourage consumers to charge their EVs at off-peak times when the prices are
cheaper. Electric vehicle charging stations that use solar biogas also lower greenhouse gas emissions and lessen
reliance on the electric grid. Figure 7 (A), (B), (C), and (D) show the fuzzy inference system's input and output
variables in a three-dimensional surface perspective.
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Power-Generation.
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The difference between renewable usage and electricity production is seen in Fig. 8 (C). The inadequacy of power
availability is a sign that the solar and biogas resources are not functioning at their best, as the projected EVCS relies
on these resources to generate electricity. More power production to enable EV charging is achieved via expanding
renewable integration, because the planned EVCS mostly relies on these resources. So, when renewable resources
are plentiful, electricity availability is greater, and the corresponding

LA
= 8 m1 Optimized Charging Cost (USD)

——— Existing Charging Cost (USD)
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L
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-
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FIGURE 9. Fuzzy logic-based dynamic charging rate compared with
existing flat rate tariff in Bangladesh.

expense associated with charging. Charging during peak hours is more important than offpeak hours in the proposed
EVCS that is based on fuzzy logic. Charging an electric vehicle's battery using a standard EVCS in Bangladesh will
cost between 1.41 and 1.7647 USD on average. The Bangladesh Energy Regulatory Commission has established a
power tariff that includes a battery charging cost of 0.0906 USD per kWh of energy use. But for various charging
periods, battery capacities, and EVCS power availability, the optimization of the suggested EVCS based on hybrid
renewable resources offers dynamic tariff rates. Optimal billing costs are introduced by the suggested strategy, as
seen in Figure 9. The examined EVs had battery capacities ranging from 8 to 10 kWh. According to the early state-
of-charge calculations, the proposed EVCS can recharge the batteries of fifteen to twenty EVs every day with its
twenty kilowatts of electricity.
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FIGURE 10. Comparison of charging costs at different renewable
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FIGURE 11. Daily EV load profile.

maximizes the use of renewable resources. In addition, the EV scheduling technique is improved by this energy
management algorithm, which leads to higher customer satisfaction. Furthermore, environmental sustainability is
greatly enhanced by minimizing greenhouse gas emissions in comparison to the traditional utility grid-based EVCS.
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FIGURE 12. Comparison of GHG Emission from conventional atility-based
EVCS and proposed EVCS.

Saturdays and Sundays it's 0.079 USD per kWh. When compared to the average cost, the fuzzy optimization-based
EVCS lowers charging expenses by 46.15% during the week and 55.22% on weekends. The distribution network is
impacted by EV charging because of the significant energy consumption. Charging electric vehicles at times of high
demand causes voltage fluctuations and power outages in the distribution network. The power infrastructure and
customers may both profit from charging electric vehicles during off-peak hours. In Bangladesh, the hours between
11 PM and 5 PM are considered off-peak, whereas the hours between 5 PM and 11 PM are considered peak. During
off-peak hours, the charging rate is lower than during peak hours since there is less demand for electricity.

TABLE 5. Economic parameters from the proposed EVCS.

System Annual energy Lifetime Annual Payvback
generation (years) cash in- period
(kWh) flow (LIS (years)
M 153500 25 1 HEi 10.1
Biogas J4820 3 300 327

VI. CONCLUSION

New opportunities for studies on renewable integration arise as a result of the increasing demand for electric
vehicles. An optimization technique for a solar-powered, biogas-or biomass-powered electric vehicle charging
station (EVCS) was the primary focus of this research. Furthermore, this research delves into the immense potential
of renewable resources for power production in locations without grid access. To lessen the burden on the
distribution grid from charging electric vehicles and to cut down on greenhouse gas emissions, the suggested method
is useful. In order to maximize renewable usage, the charging cost is optimized by the fuzzy optimization algorithm
taking into account the following factors: power availability, electric vehicle power consumption, charging time, and
current rate. To encourage EV users to recharge their batteries during off-peak hours, it shows that hybrid renewable
energy EVCS have a lower energy cost overall. As a bonus, lower demand during peak hours means fewer power
quality issues. In addition, compared to the average cost, it lowers the daily charge cost by 46.15% during the week
and 55.22% on weekends. By including 84% renewable resources into the EVCS, it was shown that CO, emissions
from the suggested system are 54.86% lower than those from the standard grid-based system. In this way, renewable
resources cut GHG emissions to 34.28% and 13.12%, respectively, with shares of 52.50% and 20.10%. The main
goals of this research are to design an efficient energy management system for the EVCS that is being considered
and to employ solar and biogas resources in a hybrid mode for charging electric vehicles. We will verify and
monitor the real-time performances via experimental analysis in the future. The planned nationwide EV charging
infrastructure has piqued a lot of interest from researchers, so we'll make sure to examine its potential environmental
impact thoroughly. Alternative algorithms, including GA-PSO, particle swarm optimization (PSO), and genetic

314



ISSN 2347-3657

} International Journal of

Information Technology & Computer Engineering Volume 13, Issue 2, 2025

algorithm (GA), may optimize the suggested hybrid renewable energy-based EVCS. There is a lot of room for
investigation into comparing the algorithms' performance in the context of EVCS optimization. A sustainable
charging infrastructure may be set up all over the globe by using the suggested optimization technique. Finally, V2G
(Vehicle to Grid) technology allows for the development of a novel system that functions as a smart grid-like
bidirectional energy transfer facility for EVCS. Electric vehicles may contribute to the utility grid's energy supply
during times of outage and high demand. With its many eco-friendly and economically advantageous features, this
research makes a big splash in the world of sustainable transportation and power system network development.

REFERENCES

[1] S. Aggarwal and A. K. Singh, ‘‘Electric vehicles the future of transportation sector: A review,”’ Energy Sources
A, Recovery, Utilization, Environ. Effects, vol. 43, pp. 1-21, Sep. 2021.

[2] M. A. Rajacifar, P. Ghadimi, M. Raugei, Y. Wu, and O. Heidrich, ‘‘Challenges and recent developments in
supply and value chains of electric vehicle batteries: A sustainability perspective,”” Resour., Comnservation
Recycling, vol. 180, May 2022, Art. no. 106144.

[3] P. K. Tarei, P. Chand, and H. Gupta, ‘‘Barriers to the adoption of electric vehicles: Evidence from India,”” J.
Cleaner Prod., vol. 291, Apr. 2021, Art. no. 125847.

[4] P. Sivaraman and C. Sharmeela, ‘‘Power quality problems associated with electric vehicle charging
infrastructure,”” in Power Quality in Modern Power Systems. New York, NY, USA: Academic, 2021, pp. 151-161.
[5] S. Pareek, A. Sujil, S. Ratra, and R. Kumar, ‘“Electric vehicle charging station challenges and opportunities: A
future perspective,’’ in Proc. Int. Conf. Emerg. Trends Commun., Control Comput. (ICONC3), Feb. 2020, pp. 1-6.
[6] S. Tirunagari, M. Gu, and L. Meegahapola, ‘‘Reaping the benefits of smart electric vehicle charging and vehicle-
to-grid technologies: Regulatory, policy and technical aspects,”” IEEE Access, vol. 10, pp. 114657-114672, 2022.
[7] Q. Dang, ‘‘Electric vehicle (EV) charging management and relieve impacts in grids,”” in Proc. 9th IEEE Int.
Symp. Power Electron. Distrib. Gener. Syst. (PEDG), Jun. 2018, pp. 1-5.

[8] R. Kushwaha and B. Singh, ‘A power quality improved EV charger with bridgeless Cuk converter,”” IEEE
Trans. Ind. Appl., vol. 55, no. 5, pp. 5190-5203, Sep. 2019.

[9] A. K. Karmaker, S. Roy, and M. R. Ahmed, ‘‘Analysis of the impact of electric vehicle charging station on
power quality issues,’’ in Proc. Int. Conf. Electr., Comput. Commun. Eng. (ECCE), Feb. 2019, pp. 1-6.

[10] V. T. Tran, M. R. Islam, K. M. Muttaqi, and D. Sutanto, ‘‘An efficient energy management approach for a
solar-powered EV battery charging facility to support distribution grids,”” IEEE Trans. Ind. Appl., vol. 55, no. 6, pp.
6517-6526, Nov. 2019.

[11] A. Colmenar-Santos, A.-M. Mufioz-Goémez, E. Rosales-Asensio, and A. Lopez-Rey, “‘Electric vehicle charging
strategy to support renewable energy sources in Europe 2050 low-carbon scenario,”” Energy, vol. 183, pp. 61-74,
Sep. 2019.

[12] H. Fathabadi, ‘“Novel stand-alone, completely autonomous and renewable energy based charging station for
charging plug-in hybrid electric vehicles (PHEVs),”” Appl. Energy, vol. 260, Feb. 2020, Art. no. 114194.

[13] B. Wang, ‘‘Advanced control and energy management schemes for power grids with high proliferation of
renewables and electric vehicles,”” Ph.D. dissertation, School Eng. Appl. Sci., George Washington Univ.,
Washington, DC, USA, 2020.

[14] A. Khan, S. Memon, and T. P. Sattar, ‘“Analyzing integrated renewable energy and smart-grid systems to
improve voltage quality and harmonic distortion losses at electric-vehicle charging stations,”” IEEE Access, vol. 6,
pp. 26404-26415, 2018.

[15] M. R. Ahmed and A. K. Karmaker, ‘‘Challenges for electric vehicle adoption in Bangladesh,”’ in Proc. Int.
Conf. Electr., Comput. Commun. Eng. (ECCE), Feb. 2019, pp. 1-6.

[16] N. Jones and P.Warren, ‘‘Innovation and distribution of solar home systems in Bangladesh,”” Climate Develop.,
vol. 13, no. 5, pp. 1-13, 2020.

[17] A. S. M. M. Hasan, M. A. Kabir, M. T. Hoq, M. T. Johansson, and P. Thollander, ‘‘Drivers and barriers to the
implementation of biogas technologies in Bangladesh,”” Biofuels, vol. 13, no. 5, pp. 643—655, May 2022.

[18] A. K. Karmaker, R. Ahmed, A. Hossain, and M. Sikder, ‘‘Feasibility assessment & design of hybrid renewable
energy based electric vehicle charging station in Bangladesh,”” Sustain. Cities Soc., vol. 39, pp. 189-202, May 2018.
[19] F. Eltoumi, ‘‘Charging station for electric vehicle using hybrid sources,”” Ph.D. dissertation, Universite
Bourgogne Franche-Comté, Besancon, France, 2020.

[20] V. Boglou, C.-S. Karavas, K. Arvanitis, and A. Karlis, ‘“A fuzzy energy management strategy for the
coordination of electric vehicle charging in low voltage distribution grids,”” Energies, vol. 13, no. 14, p. 3709, Jul.
2020.

315



