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Abstract: The growing popularity of electric vehicles (EV) is creating an increasing burden on the
power grid in Bangladesh due to massive energy consumption. Due to this uptake of variable energy
consumption, environmental concerns, and scarcity of energy lead to investigate alternative energy
resources that are readily available and environment friendly. Bangladesh has enormous potential in
the field of renewable resources, such as biogas and biomass. Therefore, this paper proposes a design
of a 20 kW electric vehicle charging station (EVCS) using biogas resources. A comprehensive viability
analysis is also presented for the proposed EVCS from technological, economic, and environmental
viewpoints using the HOMER (Hybrid Optimization of Multiple Energy Resources) model. The
viability result shows that with the capacity of 15-20 EVs per day, the proposed EVCS will save
monthly $16.31 and $29.46, respectively, for easy bike and auto-rickshaw type electric vehicles in
Bangladesh compare to grid electricity charging. Furthermore, the proposed charging station can
reduce 65.61% of CO, emissions than a grid-based charging station.

Keywords: electric vehicle charging station (EVCS); electric vehicles (EVs); biogas; biomass resources;
HOMER; CO, emissions; payback period

1. Introduction

Bangladesh is an energy-starved country due to rapid industrialization where the natural gas
and petroleum products are the primary sources of energy. These sources are extensively used in
electricity generation and transportation sector. However, the scarcity of these resources and concerns
of environmental pollution lead the researchers to incorporate renewable energy resources in electricity
generation [1-3]. As petroleum resources are significantly decreasing while increasing their cost
throughout the entire world, it is essential to consider highly available renewable resources to meet the
energy demand for electricity generation as well as the transportation sector [4].
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As a developing country, people are using electric vehicles in Bangladesh due to several key
benefits including reduction of sound pollution, fumes and GHG emission. On the other hand,
the abrupt increase in the number of EVs in Bangladesh needs an additional 500 MW power daily from
the national grid [5]. This huge demand creates a burden on the grid and affects the stability & power
quality of the grid [6,7]. Moreover, almost all the EVs are charging their batteries from the residential
connection which creates unknown variability and stability issues for the grid. Furthermore, the EV
owner pays the bill as a residential consumer that leads to the failure of the power sector to reach the
profitability margin [8].

Renewable energy-based electricity generation would greatly help to meet up huge energy demand
of charging EVs. The EVs charged in renewable-based charging station offers less GHG emission and
fewer charging costs than grid-based charging stations [9,10]. Bangladesh has enormous potential for
renewable energy resources such as solar, biogas/biomass, wind, hydro, and so on. These renewable
resources can be used to charge the EVs that can help to reduce pollution [11]. Currently, a few solar
charging stations are established in different cities of Bangladesh. However, these charging stations are
not sufficient, and therefore, much of charging stations are required for EV charging by renewables. As
it is known, solar energy is available in all over the country to generate electricity effectively for 5-6 h
with solar irradiation of 4 to 6.5 kWh/m?2-day [12]. The solar-based charging stations can only work
when solar energy is available. However, during cloudy and foggy weather, solar energy is absent
which is a significant drawback.

In Bangladesh, necessary wind speed is limited to only coastal and off-shore areas [13]. Hence,
wind resources integration for electricity generation throughout the country is not feasible. Different
institutions are working jointly with the power sector of Bangladesh to use renewable resources.
In addition to this, the electricity generation from solar resources is more expensive than biogas-based
electricity generation. Besides, the biogas plant provides digestate which can be used in the agriculture
sector as fertilizer [14]. Different research demonstrates that Bangladesh is becoming an oppressive
polluted country by making waste on an average of 0.5 kg per day individually [15,16]. Due to having
more industry and large populations, the rate of spreading waste is more pronounced in the case of
urban cities compared to the rural areas.

A recent study investigated the biomass potential in Bangladesh, and it explored that the total
biomass collected from various wastes and residues can generate more than 3447 Peta joules of
energy equivalent to 950 TWh [17]. According to waste statistics from the Sustainable and Renewable
Energy Development Authority (SREDA) and Waste Concern, Bangladesh, it is found that cow dung,
poultry waste, Municipal Solid Waste (MSW) could be a potential source of electricity generation in
Bangladesh [18,19]. A study shows that approximately four million biogas plants could be established
in Bangladesh which could meet 20% of the total household demand [20].

Various factors, such as biogas potential of feedstock, design of digester, inoculum, nature of
substrate, pH, temperature, loading rate, hydraulic retention time (HRT), C: N ratio, volatile fatty
acids (VFA), etc. influence biogas production [21,22]. Bangladesh is suitable for establishing biogas
plants due to its climate [21,22]. The ideal temperature for anaerobic digestion is 35 °C, where the
temperature of Bangladesh varies from 6 °C to 35 °C. The inner temperature of a biogas digester
varies from 22 °C to 30 °C which is very close to the optimum requirement [23]. Moreover, the biogas
resources are available throughout the country irrespective of location and time. Thus, the proper use
of biogas/biomass resources for electricity generation increases the effective operation hours compared
to solar and wind potential [24,25]. In this situation, this type of wastes can contribute heavily to
produce biogas and further processed for electricity as well as fertilizer.

Several contemporary kinds of research have been made on the issues regarding biogas use in
transportation showing better performance than the conventional systems. Furthermore, as EVs need
power to charge at any time of the day; it is essential to use available biogas resources for EV charging
to increase the effective hour and management of wastes correctly [26]. The design of EVCS using
solar and biogas resources can make the system cost-effective and reduces environment pollution
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significantly [27]. A study in the context of Denmark shows that biogas used for EV charging reduces
fuel consumption and GHG emission [28,29]. Biogas can be converted into bio-CNG which is further
used for vehicles. Biogas applications in EV charging can be good hope for reducing the use of fossil
fuel and GHG emission from the transport sector remarkably [30-32].

To the best of the author’s knowledge, no initiative up to date has been taken place to determine
the feasibility of biogas/biomass incorporation in EV charging stations in Bangladesh. Therefore,
this study carried out to open a new research platform for using available biogas/biomass resources in
EV charging. Furthermore, eco-friendly, cheapest, and effective waste management facilities grow up
our interest in performing this research on the use of biogas resources for EV charging.

In this paper, the prospects and potentials of biogas/biomass resources are analyzed using the
available real data detailed in Section 2. Based on the potentiality of biogas resources, a novel model
for the EV charging scheme is proposed in Section 3 which includes system components, mathematical
modeling and analysis of the proposed EVCS using solar and biogas resources. Section 4 presents the
schematic arrangement of the proposed EVCS. The technological, financial and environmental analysis
using HOMER model is presented in Section 5 which also includes the socio-economic benefits of the
proposed EV charging station. Finally, Section 6 demonstrates the conclusion with future research
directions for sustainable development through the integration of biogas resources for EV charging.

2. Current Status of Electric Vehicles and Biogas Resources

2.1. Electric Vehicle in Bangladesh

Electric Vehicles are now running almost all corners of Bangladesh. There are three types of EVs
used in Bangladesh: the Easy Bike carries five passengers, the auto-rickshaw carries two passengers and
the electric motorcycle carries two passengers. These EVs can travel for distances ranging from 70-120
km and the energy required per day is about 8-11 kWh. All of these vehicles are charged from the utility
grid as a residential consumer. However, the EV charging rate declared by the government is higher
than the residential consumer and EV owner treated as a business consumer. Thus, the government is
facing difficulties with earning profit from the power sector. Furthermore, lack of EV charging stations
as well as load shedding are also issues for the EV industry in Bangladesh. Most recently, the solar
energy-based EV charging stations are being built in different points of Bangladesh. However, these
charging stations are operational only a few hours a day on average due to lack of effective solar
irradiation. Therefore, the government needs a massive plan to establish new charging stations all over
the country to reduce the pressure on the grid performance. To charge an EV fully from the grid-based
charging station cost 120-150 BDT/day [33]. For a km run, it needs approximately 0.11 kWh and costs
BDT. 1.078. Specifications of the EVs used in Bangladesh are given in Table 1.

Table 1. Specifications of Electric Vehicles in Bangladesh.

Parameter Easy Bike and Auto-Rickshaw Electric Motorcycle
Power 500-1000 W 12002500 W
Voltage 36/48/60 V 60/72V
Battery 20-30 Ah 20 Ah lead-acid gel battery
Charging time 6-7h 6-8h
Maximum speed 30-40 km/h 50-80 km/h
Driving distance 70-100 km 60-80 km

2.2. Potential of Biogas Resources in Bangladesh

Biogas is a source of energy that can be used for electricity generation, cooking, and other heating
applications. Typically, it is a mixture of methane and carbon-di-oxide, produced by the breakdown of
the organic wastes without oxygen. Biomass is also a resource of bio-energy which consists of wood,
crop residues, foods, garbage, and landfill gas.
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In Bangladesh, huge potential of biodegradable resources such as animal waste, food substrate,
wood and paper, garbage are municipal solid wastes are treated as the primary sources of biogas. The
chemical composition of biogas is shown in Table 2.

Table 2. Chemical composition of Biogas [34].

Chemical Parameter % Content
CH, 50-75%
Co, 25-50%
N, 0-10%
H, 0-1%
H,S 0-3%
O, 0-0.5%

2.2.1. Animal Waste

Animal wastes can be used as a potential biomass resource. In Bangladesh, there are 150,000
poultry farms for chicken and duck. According to the statistics obtained for the fiscal year 20162017,
waste generation per day from different livestock (i.e., Cattle, buffalo, chicken, duck, and so on) is
shown in Table 3. The wastes produced from this livestock can be used to generate power.

Table 3. Waste generation from livestock [35].

Waste Type No. of Livestock (millions) Waste Generation (tons/day)
Cattle dung 23.93 179,475
Buffalo dung 1.47 14,700
Chicken waste 275.18 27,518
Duck waste 54.01 5401

2.2.2. Agriculture Residues

Agriculture residues contribute largely to biomass generation. These residues are mainly rice husk,
crops, sugarcane bagasse, forest residues, jute, and vegetables. Bangladesh is a major rice-producing
country. Rice straw and rice husk are the main residues of rice. Depending on the residue collection
period, the crop residues can be categorized as field residues and processed residues. The rice straw
and rice husk residue recoverable rate is 35% and 100%, respectively. Sugarcane residue is one of
the powerful resources of biomass. In Bangladesh, the volume of sugarcane cultivation reached
about 4,434,070 metric tons. The tops and leaves, bagasse residues are used as biomass energy where
recoverable residue rate for processed bagasse is 73.42%. Jute is another biomass source in which the
recoverable rate is 37.12%. All of these agriculture residues can be a good source of biomass for power
generation and also useful in heating applications [36].

2.2.3. Municipal Solid Waste (MSW)

Waste disposal is an emerging problem in almost all of the urban areas. Rapid urbanization and
industrialization increase the rate of waste disposal per day. Near about 4200 tons of MSW generates
in Dhaka city in every day. The improper management of MSW creates a negative environmental
impact, and it appears to be a growing concern at present. The proper management of these wastes can
be a tremendous source of energy generation. The government and other stakeholders are thinking
about this matter. Recently GIZ and the German development agency performed a detailed feasibility
study in collaboration with the Sustainable and Renewable Energy Development Authority (SREDA)
in Bangladesh to identify the prospects and potentials of MSW for generating electricity in Keraniganj,
Dhaka. The experts recommended dry fermentation technology for the waste to energy project (WTE),
Keraniganj. Depending on the suitable waste management, the expert advised to establish 4-5 MW
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power plants based on organic waste and industrial waste. Bangladesh Power Development Board
(BPDB) aim to establish 1 MW unit combined heat and power. Hence, for understanding the electricity
generation potentials, it is advised to account for the per capita MSW generation. In Bangladesh, the
estimated per capita MSW generation rate is approximately 0.5 kg. The MSW generation scenario in
urban areas of Bangladesh is shown in Table 4.

Table 4. MSW generation scenario in urban areas of Bangladesh [18].

Year Total Population Waste Generation Rate Waste Generation (tons/day)
1991 20,872,204 0.49 9873.5

2001 28,808,477 0.5 11,695

2004 32,765,152 0.5 16,382

2015 54,983,919 0.5 27,492

2025 78,440,000 0.6 47,064 (Projected)

Waste generation in Bangladesh is illustrated in Figure 1 according to the type of waste.
In Bangladesh, Infrastructure Development Corporation Limited (IDCOL) and Grameen Shakti are
working together to develop several biogas plant. They have plant to establish approximately
80,000 small biogas plants. The government of Bangladesh is also aiming to establish 1 MW
biomass-based plant and 5 MW of biogas-based plants in different regions [37].

Cattle dung
70% Buffalo dung
6%
Poultry waste
13%

MSW
11%

Figure 1. Waste generation per day in Bangladesh.
3. Mathematical Model of System Components

To develop the EV charging stations based on biogas requires information about energy demand,
biogas/biomass potential, size of the biogas plant, available space for the plant, initial cost, O & M
cost per year and finally, the daily output from the plant. The environmental factors also need to be
analyzed before establishing an EVCS. The proposed EVCS will be designed for charging 15-20 EVs

which require 20 kW power daily. The design and development phases of the proposed EVCS are
detailed below.

3.1. Technical Components
This sub-section provides the details of all technical components of the proposed EVCS.
3.1.1. Energy Required for EVs

Energy required for an EV depends on its battery capacity, State of Charge (SOC) level, and duration
of charging, as expressed in Equation (1) [38]. The proposed charging station is open for 24 h daily.
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Thus, the total energy demand by an EVCS is the product of the number of EV coming in a day and its
energy requirement, as shown in Equation (2) [38].

Batterycupacity*(socmax - Socmin)
Duration of Charging

)

Ppy =

N
Prycs = Z Pgy. (2)

n=1
3.1.2. Waste Required for the Power Generation

Total waste requirement for electricity generation in an EVCS is an essential parameter for
designing biogas-based charging station. Poultry waste, cow dung and MSW are considered to be
the biogas/biomass resources for the power generation. However, the energy output will not be the
same for different types of wastes. In this study, these wastes are mixed together to ensure effective
anaerobic co-digestion for enhancing biogas production capability as well aprocess efficiency [39].

Therefore, for the evaluation of electricity generation from various wastes, Equation (3) is
formulated for possible electricity generation.

~ WXBy

Pr = 3)

Biaw

In Equation (3) W, By and By stand for total waste in kg, biogas production per kg of waste and
biogas required for 1 kW electricity generation, respectively. According to different literature, it is
assumed that for poultry waste and MSW biogas production per kg of waste is 0.074 m® and for cow
dung biogas produced per kg is 0.037 m® [40,41]. Moreover, the biogas required for 1 kW electricity
generation is 0.7 m?3/h is demonstrated in a research [42,43]. Table 5 shows that the different waste
requirements for producing 70 m3 biogas yield. Table 6 shows the cost and available size of the digester
in the renewable sectors of Bangladesh.

Table 5. Waste requirement for biogas generation.

Waste Type Waste Source Waste Required (kg/day) Biogas Produced (m®/day)
Cow dung 50 Cows 500 17.00
Poultry waste 1400 poultries 140 10.36
MSW 200 Families 578 42.77

Table 6. Cost and size of the digester.

Size of the Digester (m3) Biomass Required (kg) Cost of the Digester (USD)
3.2 56 538
4.8 85 650
2.0 35 350

As in this research, the size of the digester is assumed to be 70 m? to produce 100 kWh of electricity
per day. Therefore, according to the available digester size in the local markets of Bangladesh, we
have chosen 4.8 m? digester of 14 nos. and a 3.2 m? digester for fulfilling the demand of total 70 m?.
This digester will require 1246 kg biomass per day to generate biogas yield of 70 m.

3.1.3. Digester Design

An anaerobic digester is the main component of a biogas plant in which biogas is produced after
the breakdown of organic waste in the absence of oxygen. The produced biogas can be used for driving
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transport vehicles and generating electricity. The volume of the digester is the product of the daily
substrate input and the retention time which is expressed as Equation (4) [44].

Vp =§; Xt, 4)

Retention time depends upon the temperature. Contemporary research performed on biogas
plant reveals that for mesophilic digestion where temperature rises from 30 °C to 42 °C, retention time
should be greater than 20 days [42].

Acceptable retention time for anaerobic digestion is 20 days, 40 days, and 60 days. The higher
the retention time leads to higher production of biogas yield because of high methane content and
acceptable range of p'! values, shown in an experimental study [45]. The design of retention time can
be determined by the following well known Equation (5) which is valid for primary sludge digestion
on an anaerobic digestion process [46].

1 1
=) ©

where kinematic co-efficient of anaerobic digestion, K; = 0.272 X 1.048(0-33) ) = degree of sludge

stabilization (0.15), o = correction factor for raw sludge content (1.0), 6 = temperature in the digester,
40 °C. In this research, minimum retention time is assumed as 20 days for the temperature of 35 °C.
The substrate input is a combination of waste supplied to a digester and water, as expressed in
Equation (6), and the volume of substrate input is expressed in Equation (7).

S; = Waste + Water. 6)

Si
Visubstrate = —

@)
where p is the density of substrate input.

3.1.4. Gasholder

The gasholder is used in biogas plants to hold the biogas produced by the digester. The design
considerations are the rate of biogas generation (Vz ) and the rate of consumption (V¢ r). It should be
designed in such a way so that it can hold a maximum amount of biogas during the zero-consumption
period, as expressed in Equation (8) [47].

Ve =115xmax(Vcr, Vzc) ®

The digester and gasholder ratio typically ranges from 3:1 to 10:1. However, a 5:1 ratio is the most
frequently used in the biogas plants. Different studies explained that the gasholder should be capable
of storing 60% of the biogas produced daily [48]. Therefore, the size of the gasholder in this research is
calculated as 42 m> where the daily biogas production is about 70 m3.

3.1.5. Biogas Generator

Biogas engine converts biogas energy into mechanical energy. Biogas engine is coupled with
an alternator which is driven by the mechanical energy for electricity generation. High efficiency
generator maximizes electricity generation and enhances overall biogas plant efficiency. For electricity
generation, we have chosen low cost gas pilot injection engine which is suitable for lower heating
value of biogas and provides electrical efficiency is approximately about 30-44%. The rating selected
for generator is 150 kVA which runs at 1500 RPM.
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3.1.6. Converter

It is used to convert the AC voltage into DC for charging EVs. It is assumed that the converter has
90% efficiency. The converter is connected to the charging assemblies where EV is charged.

Ppc =nXPyc. )

After this conversion, a DC-DC converter is employed in EV charger for providing fixed DC
output voltage for the battery.

3.1.7. Battery

The battery is used to store the excess energy when the EV is unavailable to charge. Therefore,
it should be designed very carefully to handle the emergency. It is assumed that the battery bank is
designed to store the energy of 50 kWh. The battery capacity is expressed as Equation (10).

Bc =V xQ. (10)

where V and Q are the voltage and electric charge respectively.

The charging profile of an EV depends upon the following factors: EVs arrival time, charging
level, and time required to recharge the battery. The energy required to charge the battery can be
determined by following Equation (11) [49].

CK
K
ncharger

EX =

x (1-s0ck). (11)

where EX is the total energy required to charge the battery (kWh), SOCK is the percentage of remaining
charge in the vehicle battery, C* is the battery capacity, and nkcharger is the efficiency of the vehicle
battery charger assumed as 90%.

3.2. Financial Components

3.2.1. Cost of Energy

The EVCS delivers power to the consumer based on power demand and power availability. The
cost of charging EVs per kWh is called the cost of energy (COE). In the case othe proposed EVCS, the
charging cost can be determined by the following Equation (12) [50].

COE = Cpgse + Cvariable- (12)

The Cpg, is the base or minimum value of the EV charging cost, and Cygyigpie is the variable cost of
charging depending on the time. It may vary according to the peak and off-peak periods and thus the
charging cost also varies.

3.2.2. Net Present Value

Net present value (NPV) is calculated by subtracting the present values of cash outflows from the
present values of cash inflows. Equation (13) describes NPV:

R;

NPV = -
(1+41)

t

N
(13)
=1

where Rt = Net cash inflow—outflows during a single period, I = discount rate and t = Project life time
in years.
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3.2.3. Benefit-Cost Ratio

The Benefit-Cost Ratio (BCR) is a strong financial term which indicates that the project will deliver
positive or negative net present value to the investors. This ratio demonstrates overall relationship
between relative costs and benefits of a specific project. Equation (14) describes the BCR for any project

within a time period.
N

PVBenefits
BCR = —_—. 14
; PV osts (1

where PVpenefits and PV g5 are present values of benefits and costs respectively.

3.2.4. Payback Period

It is expressed in years after which the investment is equal to its total cash in-flow. It indicates the
project will be profitable at the end of the payback period. Equation (15) demonstrates the payback
period where the payback period should not be higher than a lifetime in years for a successful project.

Total_investment
Annual_cash flow

Payback Period, PBP = (15)

3.2.5. Profitability Index

It is defined as the ratio of future cash in-flow and cashes outflow. This index determines that the
project would be profitable or not. If the project is profitable, the profitability index would be higher
than unity. Equation (16) describes the profitability index for the proposed EVCS.

cash_in—flow
cash_out—flow’

Profitability Index, PI =
A 1_cash_flowxProject_lifeti (16)
_ Annual_cash_flowxProject_lifetime
Or’ PI = Total_investment

4. Design of the Proposed EVCS

The conceptual design of the proposed biogas-based EVCS where animal and other wastes are
collected and processed to recover the energy content is discussed in this section. Animal wastes
and MSW are mixed together in order to achieve co-digestion which improves the efficiency of
the biogas generation process [39]. The mixer is used to mixing up the slurry which is made by
a combination of processed waste and water. The anaerobic digestion depends upon the waste
material and temperature in the digester. The biogas generation rate increases with the increase of
temperature. In the proposed plant, thermophilic process is chosen due to its benefits over mesophilic
and psychrophilic process. The major advantages of thermophilic process over mesophilic are lowering
retention time and improving digestion efficiency. In Bangladesh, temperature is suitable for mesophilic
operation; however, a thermophilic process can be adopted using the heat produced by the biogas
engine itself. After the completion of anaerobic digestion using available fixed dome type digester,
biogas is produced. The biogas is stored in a gasholder at the low consumption period which is
designed to store 60% of the daily biogas production. The size of the digester is determined by the
retention time and daily feedstock/substrate input. The produced biogas is warm and it contains a
large amount of water vapor. The gas purification plant mainly removes the H,S content because it is
corrosive with the CO, and water. After completion of purification process, the biogas yield goes to
the combined heat and power (CHP) system which has an engine, heat recovery system and generator.
A biogas generator is coupled with the engine that finally converts mechanical energy into electrical
energy. Only 35% of biogas energy is converted into electricity where 55% is converted into heat and
10% becomes system losses. Using CHP unit, the energy efficiency will be increased due to the use of
recovered heat as well as fewer environmental pollutions. The heat produced from this plant can be
used for many purposes, including domestic use, restaurant hot water supply, and in hospital/medical
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centers. As the heat demand is not constant, heat storage is used for storing excess heat. On the other
hand, the electrical energy produced from the generator can be linked together with EV charger that is
responsible for charging EV batteries [51]. In addition, digestate slurry can be used to land and ponds
as fertilizer and fish feed. It is important to choose appropriate location for establishing biogas plant
based on the availability of the waste materials and water, sufficient area, and so on. With the above
discussed features, a conceptual design of the proposed biogas-based EVCS is developed and is shown
in Figure 2.

Wasies Purification
Gasholder
Agriculture field
and fish feed CHP SYSTEM
Engine
Residential Buildings

Restaurant and Tea stall

Hospital'Medical Center

I | I #———— EV Charger
EVs | | I «———— EV Charger

E
v
C

E"‘_‘L__I €——— EV Charger S

Figure 2. Conceptual diagram of proposed Biogas-based EVCS.

5. Results and Discussion

The load curve in Figure 3 is obtained from the local private EV charging station in Gazipur
district, Bangladesh which shows the EV load variation with time.

It is seen from Figure 3 that in the evening period, load gradually increases and at the morning
hour load is relatively lower than other times. The scenario of the EVCS is similar to the other EVCS in
Bangladesh. The EV demand is almost constant throughout the year for a specific EVCS. However,
in case of newly joined EV in the transportation sector causes extra burden to the power system.

In addition to the electricity demand, the proposed biogas plant will be effective for meeting heat
demand of the nearby users such as residential buildings, restaurant, tea stall, and hospital/medical
center. The heating demand profile is shown in Figure 4 which is derived from the village of Gazipur
district in Bangladesh where the planned biogas plant will be established. The maximum heat demand
is seen at noon and evening period. However, after the midnight to early morning, the heat demand
declines and remains approximately constant.

Figure 5 shows the monthly collection of biomass from the nearby cattle farm, poultry farm, and
urban areas of Gazipur district, Bangladesh. All types of wastes are collected from the same village
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where the proposed EVCS aim to be established. Therefore, the transportation cost for the waste
material will be much lower.

7

6

=l

Load in kW
»

SRR

\ Q
Q Q N \
00 O KV

QQ’V“ QQV“ QQQ QQé\ QQQ QQ’V“ Q?§\ Q§Q$Q§
S S oSS S
Time in hour

Figure 3. Daily load curve of the proposed EVCS situated in Gazipur, Bangladesh.

40 -

35

30

25

20
15

Heat Demand

10

Time (Hour)

Figure 4. Daily Heat Demand Profile of the proposed area of biogas CHP plant in Gazipur
district, Bangladesh.

The proposed EVCS is designed for generating electricity for charging EVs according to the
battery SOC. The monthly power generation from the proposed EVCS is shown in Figure 6 where the
maximum generation is in July and the minimum in February. It depends upon the biomass collection.
The processed biomass is ready for anaerobic digestion in the fixed dome type or floating dome type
digester. In accordance with the calorific value of the waste materials, the biogas produces, and thus,
electricity is generated.

It is worth mentioning that outputs of a biogas plant are in the form of heat and biogas. Only 35%
of the biogas is used for generating electricity but 65% of the output energy is used for mechanical
losses and heat [52]. Of the produced heat, 20-30% goes toward heating the slurry of the digester.
The heat produced from this plant can be a good source for cooking. One biogas stove requires
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approximately 19 MJ/hr for daily cooking of a family [53]. In that case, the proposed 70 m? biogas
plant produces 565 MJ/day which can supply heat water to many places such as residential buildings,
restaurant, tea stall, and hospital/medical center. In most of the cases, residential building requires heat
to cook foods during morning, noon, and evening period. Besides, hot water is required in restaurants,
tea stalls, as well as health care centers.

38
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28 -
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Figure 5. Monthly available biomass collection from a village in Gazipur, Bangladesh.
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Figure 6. Electricity generation scenario of the proposed EVCS.

In a biogas plant, the production of biogas is not only the output parameter, but digestate produces
from the anaerobic digestion is also carries importance. Digestate can be formed as an excellent
fertilizer, and selling this bi-product at a minimum rate to the farmer’s, the EVCS developer can
minimize the running cost of the plant.

The daily electricity required for 15-20 EVs is approximately 100 kWh based on their battery
capacity, SOC, and duration of charging. However, if the electricity generation exceeds the demand, then
the excess power is transferred to the nearby residential areas for light load applications. This excess
power is taken into consideration when calculating economic parameters.
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5.1. Cost Analysis of the Proposed EVCS

The economic parameters related to the proposed EVCS consist of initial capital cost, O & M
cost, replacement cost, cost of energy, and payback period. These parameters play a vital role in the
accomplishment and desired success of the project. Table 7 shows the economic parameters of the
proposed EVCS using biogas resources. The O & M cost includes waste transportation cost along with
all of the running costs of the plant. It can be minimized by selling slurry as fertilizer at a minimum
rate. The HOMER analysis helps to determine the COE, benefit-cost ratio, annual cash flow, payback
period and profitability index.

Table 7. Economic parameters.

Item Cost (BDT.)

Digester 850,000

Gasholder 30,000

Purification unit 20,000

Pipeline 20,000

Biogas generator 500,000

Battery bank 100,000

Charging assemblies 20,000

O & M Cost including waste transportation cost 185,000

Total Cost/investment 1,725,000

Cost of Electricity per kWh 5.56
Gas stove Bill per family per month 500
Digestate Price per kg 1.50

Annual cash flow 381,140

Figure 7 shows the profitable period and payback period of the proposed EVCS where it is
observed that after 4.99 years, the project will be profitable. The Benefit-Cost Ratio and profitability
index are found to be 1.17 and 2.002 which indicates the proposed project would be economically viable.

12

[uny
(=}
1

>— Profitable Period

Time (Year)
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Lifetime Payback period

Figure 7. Lifetime and payback period of the proposed EVCS.
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5.2. Environmental Aspects of the Proposed EVCS

Electric Vehicles are becoming popular day by day due to their eco-friendly nature. The greenhouse
gases (GHG) emission and other pollutants which are noxious to the environment are reduced by
using EV. In Bangladesh, the CO, emissions are per unit of electricity generation is approximately
equal to 640 g [54]. The primary sources of electricity generation in Bangladesh are natural gas and
coal. These two resources are limited and producing a large amount of CO, emissions. As compared
to these resources, renewable resources such as biogas/biomass have more significant advantages of
reducing CO, penetration from electricity generation purposes.

In this proposed charging station, biogas and biomass are used to generate electricity which will
further charge the EVs. Thus, the CO, emissions are reduced significantly by using biogas resources.

Figure 8 illustrates the comparison of the CO, emissions from the grid-based EVCS and
biogas-based EVCS. In the proposed EVCS, yearly CO, emissions is about 6653 kg whereas the
same demand grid-based charging station produces 19,350 kg of CO,. Thus, the CO, emissions are
reduced to 65.61% from the grid-based charging station. This is because the utility grid in Bangladesh
mostly depends on fossil fuel which generates more GHG emissions than renewables [55].

Grid Based EVCS

Proposed EVCS

0 5000 10,000 15,000 20,000 25,000

CO: emissions (kg/year)
Figure 8. Comparison of CO, emissions from grid-based EVCS and proposed EVCS.

Hence, the EV charging from renewables such as biogas energy would be very much promising
as it enhances waste management capability as well as reduces environmental pollution with cost.
The waste material pollutes the environment and scatters the acrid lousy smell to the atmosphere. Use
of this waste saves the environment from pollution and bad smell. Another advantage is that there is
much slurry production, which can be used as fertilizer and it makes the atmosphere fresh and clean.
The application of slurry improves the physical, chemical, and biological characters of the soil.

5.3. Comparison of Results Between Mathematical Analysis and HOMER Analysis

HOMER analysis provides the result based on inputted renewable resources such as biomass,
where the losses associated with the EV charging accessories are not taken into consideration. In the
analysis, several other factors, such as variation of biomass collection, uncertainties of weather, and
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breakdown of charging accessories should be considered when calculating more accurate technological,
economic, and environmental parameters.

While economic parameters, such as COE, Net Present Cost (NPC), operating cost, payback
period and profitability index are analyzed using the HOMER model to present advantages of power
generation from the input resources, the mathematical analysis considers the charging equipment
cost and infrastructures for charging five EVs simultaneously. As a result, the economic parameter
obtained from mathematical analysis varies from the HOMER results.

GHG emission from biogas-based EVCSis calculated in HOMER software which is only considering
the power generation process. However, the GHG emission from EV charging depends on GHG
emission from EV charger and battery [56,57].

Furthermore, the EV battery manufacturing process is also responsible for GHG emission.
Therefore, the results of HOMER analysis are different from the mathematical calculation.

In mathematical analysis, the loss associated with the EV charging process is taken into
consideration. Thus, the kWh generation in mathematical analysis is less than HOMER result.
The operating cost in HOMER analysis is greater than the mathematical analysis because the selling
digestate minimizes the cost of waste transportation. Table 8 shows the comparison between HOMER
results and mathematical analysis.

Table 8. Comparison between results of HOMER Analysis and Mathematical Analysis.

Parameters HOMER Analysis Mathematical Analysis
Technological Parameter kWh Generation 31,680 30,762
COE BDT. 5.56 BDT. 5.72
NPC BDT. 1,725,000 BDT. 1,756,790
Economic Parameter Operating Cost BDT. 178,000 BDT. 68,882
Annual Cash Flow BDT. 381,140 BDT. 362,957
Payback Period (Year) 4.99 5.03
Profitability Index 2.002 1.99
Environmental Parameter CO; Emissions/Year (kg) 6653 6922

5.4. Socio-Economic Benefits of the Proposed EVCS

Electric vehicle charging infrastructure opens a newly lucrative area of research and application in
Bangladesh. Environmental and socio-economic factors are working behind the popularity of electric
vehicles. Electric vehicles such as Easy Bikes, Auto-rickshaws and electric rickshaw vans have a high
potential of reducing emissions, improving air quality in both urban and rural areas.

An Easy Bike driver in Bangladesh can easily earn approximately $18-$25 where the energy
consumption cost of this car is only $1-$1.25 daily which can be a lucrative income option for many as
it cuts the physical labor and saves transportation time. The charging cost of an Easy Bike is around
$53 per month. It will be lower than the present cost if the proposed charging station charges the EVs.

Table 9 shows the summary of the charging cost in a grid-based system and the proposed
EVCS-based system. In addition to the charging cost comparison, the monthly savings by using this
EVCS for an EV driver are given in Table 9. The savings are more or less considered as the monthly
income for the EV drivers.

Table 9. Cost comparison between grid-based charging station and proposed EVCS.

Charging Cost/Month Charging Cost/Month
(grid EVCS) (proposed EVCS)

Easy Bike $53 $23.54 $29.46
Auto-rickshaw $32 $15.69 $16.31

EV Types Monthly Savings
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In a biogas plant, the production of biogas is not only the output parameter, but the digestate
produces from the anaerobic digestion is also importance. The digestate can be formed as good
fertilizer and selling this bi-product at a minimum rate to the farmers to further minimize the running
cost of the proposed EVCS plant.

In this research, the digestate price per kg is taken only in BDT. 1.50 which will inspire the farmers
to cultivate using green waste-based composite fertilizer. The Figure 9 illustrates monthly digestate
production of the proposed EVCS biogas plant.

2.6
25
24

23

Ton

2.2

21

0 1 2 3 4 5 6 7 8 9 10 11 12 13
Months from January to December
Figure 9. Month wise digestate production from the proposed EVCS.

6. Conclusions

In Bangladesh, almost all the electric vehicle charging infrastructure is operated by grid electricity,
leading to rising power demand, cost, and carbon emission. Although few solar charging stations
are established by the government but variable duration of solar radiation and high capital cost, it is
important to evaluate use of alternative energy resources to establish sustainable energy development.
In this context, it would be beneficial to incorporate available renewable energy resources such as biogas
to charge electric vehicles. The concept of using biogas/biomass resources for charging battery-driven
electric vehicles opens a promising area of research and application in Bangladesh. In this paper, the
proposed EVCS is found economically feasible and the investment will be returned after five years.
Mathematical analysis provides results of technological, economic, and environmental parameters
which are different from HOMER analysis due to the variation in biomass collection, changes in
weather and loss associated with the EV charging process. The proposed EVCS saves $16.31-$29.46
per month than grid-based EVCS. In the case of the environmental aspect, the proposed EVCS can
reduce GHG emissions remarkably. The efficient use of locally available wastes in the proposed EVCS
ensures continuous power supply, stability, and reliability of the charging infrastructure with proper
waste management. Besides, strengthening the national grid by reducing extra burdens of electric
vehicle charging, the proposed EVCS may also improve reliability and quality service of the energy
sector toward sustainable development.
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