
A novel Charging Capacity Model (CCM) for electric vehicle charging

by

Shafquat Yasar Aurko (170021106)
Riyad Salehdin (170021109)

Faiaz Allahma Rafi (170021135)

Bachelor of Science
IN

ELECTRICAL AND ELECTRONIC ENGINEERING

Department of Electrical and Electronic Engineering
Islamic University of Technology (IUT)
Board Bazar, Gazipur-1704, Bangladesh.

May, 2022.



© 2022 Faiaz Allahma Rafi, Riyad Salehdin, Shafquat Yasar Aurko
All Rights Reserved.

i







Dedicated to our country

iv



Table of Contents

Acknowledgement x

Abstract xi

1 Introduction 1
1.1 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.1.1 Research Gap . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1.2 Problem Identification . . . . . . . . . . . . . . . . . . . . . 4
1.1.3 Research Motivation . . . . . . . . . . . . . . . . . . . . . . 5
1.1.4 Scope of the research . . . . . . . . . . . . . . . . . . . . . . 5

1.2 Research Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3 Research Outcome . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.4 Novelty of the research . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Background Study 8
2.1 Current Scenario Worldwide . . . . . . . . . . . . . . . . . . . . . . 8
2.2 Advantages of EVs . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.3 Disadvantages of EVs . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.4 EV Charging scenario worldwide . . . . . . . . . . . . . . . . . . . . 10

3 Literature Review 12

4 Methodology 14
4.1 Basic Workflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
4.2 Math Model Formulation . . . . . . . . . . . . . . . . . . . . . . . . 14
4.3 MATLAB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5 Charging Capacity Model 15
5.1 Generating the Electric Vehicle load curve . . . . . . . . . . . . . . . 15
5.2 Generating the Non Electric Vehicle load curve . . . . . . . . . . . . 16
5.3 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.4 Particle Swarm Optimization . . . . . . . . . . . . . . . . . . . . . . 17
5.5 Charging Capacity Limit . . . . . . . . . . . . . . . . . . . . . . . . 18

v



5.6 Mathematical model with respect to Easy-bikes in Bangladesh . . . . 19

6 Result Analysis 22
6.1 Main Section 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
6.2 Charging power capacity . . . . . . . . . . . . . . . . . . . . . . . . 22
6.3 Charging station capacities . . . . . . . . . . . . . . . . . . . . . . . 24
6.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

7 Conclusion 26

References 26

List of Publications 31

vi



List of Figures

1.1 Percentile distribution of Easy-bike charging patterns in Bangladesh. . 3
1.2 Total load curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3 The system envisioned by the CCM. . . . . . . . . . . . . . . . . . . 7

2.1 EV charging stations located all over the US. . . . . . . . . . . . . . . 10
2.2 Various types of EV charging methods [1] . . . . . . . . . . . . . . . 11

5.1 The Flowchart of the modified PSO algorithm. . . . . . . . . . . . . . 18
5.2 The Non-EV load curve . . . . . . . . . . . . . . . . . . . . . . . . . 21

6.1 Comparison of un-optimized and optimized EV load curve . . . . . . 22
6.2 Comparison of un-optimized and optimized total load curve . . . . . . 23
6.3 The Optimized Number of Easy-bikes all over the country. . . . . . . 24
6.4 The Number of Easy-bikes allowed per charging station all over the

country. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

vii



List of Tables

5.1 Advantages of the CCM for Bangladesh . . . . . . . . . . . . . . . . 20
5.2 Summary of values of Mathematical variables for Bangladesh. . . . . 20

6.1 Peak shaving and valley filling. . . . . . . . . . . . . . . . . . . . . . 23
6.2 Optimized charging station capacity of Bangladesh . . . . . . . . . . 25

viii



List of Abbreviations

EV Electric Vehicle
CCM Charging Capacity Model
EB Easy Bikes
PEV Plug-in Electric Vehicles
PHEV Plug-in Hybrid Electric Vehicles
PSO Particle Swarm Optimization
DSO Distribution System Operator
CT Charging Time
ICE Internal Combustion Engine
GHG Green House Gas
SOC State of Charge
V2G Vehicle to Grid
G2V Grid to Vehicle
IoT Internet of Things
PV Photo-Voltaic
SLM Smart Local Moving
BSS Battery Swapping Station
DCFC DC Fast Charging
BRTA Bangladesh Road and Transportation Association

ix



Acknowledgment

All praise and gratitude be to Allah, the most beneficent, the most merciful. This the-
sis project was the fruit of enormous labor on part of the authors, Faiaz Allahma Rafi,
Shafquat Yasar Aurko and Riyad Salehdin. All three authors have worked tirelessly
for the project to reach where it is, and in equal measure. However, none of that would
have been possible without the wisdom and guidance of our supervisor, Professor Dr.
Dr. Khondokar Habibul Kabir, who guided never gave up on us when we were strug-
gling to make progress and patiently corrected all our mistakes. We hope that this
project, which is a novel idea with real potential to bring about great change, sees the
light of day as a practical project implemented in Bangladesh as well as beyond.

x



Abstract

On the cusp of the fourth industrial revolution, the worldwide adoption of electric cars
(EVs) is likely to cause grid overload. owing to uncoordinated charging of a high
number of EVs. As this figure continue to rise, this problem will continue to grow
worse. This difficulty is likely to be mitigated by coordinated charging of electric
vehicles. Using a modified Particle Swarm Optimization (PSO) method, this research
brings forward the Charging Capacity Model (CCM), which limits the number of EVs
that may be charged at different times of the day. The CCM is also implemented using
IoT, data analytics, communication, and networking. The proposed concept was tested
in Bangladesh using an electric vehicle called the Easy-Bike, a popular three-wheeler
EV in the nation.
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Chapter 1

Introduction

The introduction of Electric Vehicles (EVs) as a replacement for ICE (Internal Com-
bustion Engine) vehicles is one of the most prominent examples of modern society as
this implementation of EVs will help reduce the usage of fossil fuels. They accom-
plish this by emitting no exhaust and leaving no carbon footprint. Electric vehicles
are rapidly expanding in some of the industry’s major vehicle markets. However, the
rapid adoption of electric vehicles comes at a price: it necessitates a well-developed
power generating and distribution system and a large and sophisticated charging in-
frastructure. Unfortunately, many countries lack the necessary charging infrastructure
and power grid to handle significant numbers of EVs being charged simultaneously.
Human civilization has come a long way due to the continuous advancement of tech-
nology and science. One of the major factors responsible for the progress of civiliza-
tion is the advancement of the transportation sector. Fossil fuel-driven vehicles are
still in the majority all over the world. However, continuous consumption of fossil
fuels is the cause of various problematic scenarios, such as the extinction of fossil fu-
els, lowering of air quality index, global warming, etc. Though these vehicles have
some pros, such as fossil fuels are more comfortable to store, it is easier to refill these
vehicles, fossil fuels are cheaper, etc. but the list of cons is heavier, especially be-
cause of the impact these vehicles put on the environment. One of the prime reasons
for global warming is greenhouse gas. These vehicles have a major contribution in
the emission of greenhouse gases, causing air pollution and degradation of the ozone
layer. For these reasons, it is time to replace fossil-fuel-driven vehicles. EVs are the
answer to this problem. EVs (Electric Vehicles) are the future of the transportation
sector. They are gradually replacing the traditional vehicles as they don’t emit GHG
(Green House Gas). They also have lower running costs and cause less noise etc [2].
The fact that these vehicles don’t emit greenhouse gases is of utmost importance. Con-
cerns are rising all over the world about the air quality index and the consequences of
GHG. Many countries have set strict rules on emission-free zones and are encouraging
lesser usage of fossil fuels. So, these points can be taken care of by using Electric
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cars, trucks, buses, etc, or in general EVs (Electric Vehicles) as they are beneficial
for health, beneficial for energy security, has zero exhaust emissions. [3]. However,
some issues are rising and should be taken care of when it comes to the concept of
EVs in developing countries. Integration of EVs anywhere in the world causes voltage
unbalance, current harmonics, overloading, etc on the power grid. The problems can
become severe for the developing countries as most of these countries don’t have the
optimum charging infrastructure nor do they have the effective management of IoT
devices, data samples, and proper incentives regarding EVs. This paper focuses on the
grid overloading in developing countries as they lack the proper charging infrastruc-
ture to handle the simultaneous charging of the huge number of EVs along with the
suitable real-time management system for the charging system. Grid overloading due
to unplanned charging can lead to blackouts or load-shedding, hindering the develop-
ment of the society along with wasting valuable time and energy for the citizens of that
locality. A coordinated charging scheme that doesn’t require any real-time schedul-
ing, making the scheme more practically implementable, should be introduced in these
countries, creating a solid platform for a huge number of EV integration.

1.1 Problem Statement

The rapid growth of EVs around the world implies EV integration is one of the main
answers to sustainable development since it provides an alternative to ICE-based vehi-
cles, which generate exhaust gases, harm the environment, and contribute to the green-
house effect. Moreover, it can be said that the transportation industry is evolving and
the concern for the load demand due to this is something that should be addressed. For
the case of a developing country such as Bangladesh, where the power system is in the
process of growing stronger, the integration of EVs will impose a threat on that the ba-
sis that uncoordinated charging leads to power outages and blackouts. In a developing
country like Bangladesh, where the electricity sector is strengthening, the integration
of EVs poses a hazard due to uncoordinated charging, which might result in power
shortages and blackouts. Power shortages are one of the key problems in Bangladesh
as in this country, sometimes the generation of electricity is not adequate to reach the
consumer demand. EV integration necessitates a robust infrastructure to support EV
charging operations. The robustness indicates that the grid has the capacity of han-
dling the increased load demand due to the EVs charging simultaneously at random
times. The adaptation of real-time scheduling of EVs [4]is somewhat not practical in a
third-world country like Bangladesh as there is no sufficient infrastructure to facilitate
this process. In this circumstance, involving the user in determining the charge prior-
ity can cause havoc. In Bangladesh, charging stations are currently more commonly
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available for easy bikes and electric three-wheelers. It is more frequent to see them in
rural places. However, the problem is complicated by the prohibition of tom-toms and
easy cycles in urban areas as the government has banned the usage of easy bikes on the
highways of the country. [5]. Due to the currently existing improper infrastructure of
the country, the government is not able to earn money from easy bikes and tom-toms
for which the government is losing a massive opportunity for earning revenue. Collab-
oration among governmental bodies focusing on EVs is still lacking, which is a major
impediment. The power sector is also suffering due to a lack of income opportunities
from these sources related to the shortage of a defined framework for statistical data
analysis and a sufficient number of charging stations for electric vehicles. Our pro-
posed charging capacity model will be beneficial for the government, DSO, easy-bike
owners and the common people in the following way:

The EV charging percentage pattern found from the survey is given below:

Figure 1.1: Percentile distribution of Easy-bike charging patterns in Bangladesh.

In Bangladesh, the majority of battery-powered electric vehicles are easy bikes, au-
torickshaws, and tom-toms. The drivers charge their vehicles at night, indicating that
this is when the peak hour for electric vehicle charging occurs. The figure below indi-
cates the average load curve of eleven months for the year 2021. The figure elucidates
that the peak hour for the load curve arises during the nighttime, as a result, there is a
high possibility of a power outage if major loads are added to the demand side during
that time. For fully charging the batteries, 6-8 hours are required for auto-rickshaws
and 3-5 hours are needed for easy bikes. [6].

1.1.1 Research Gap

The use of solar energy-based panels for charging electric vehicles has been discussed
in [7]. According to the current status, there are roughly 14 EV charging stations de-
ployed in the country that use solar energy. A real-time charging schedule for electric
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vehicles with a system comprising of PV is discussed in [8]. There are two types
of EV charging stations currently deployed in Bangladesh- Public and Private. Cur-
rently, there is no centralized process to maintain the charging procedure of EVs nor
a constructive decentralized way to process the necessary data to take the parameters
related to the arrival time of EVs, the priorities of the drivers in case of charging,
etc. Bangladesh’s EV charging infrastructure is still in its beginnings as a third-world
country. A charging schedule with an SLM algorithm was analyzed with the input pa-
rameters such as SOC of batteries, the PEV owner’s priority, load variations etc in [9].
However, for a developing country, the input parameters such as prioritizing the elec-
tric vehicle charging pattern according to the load variation and EV owner’s priority is
somewhat impractical due to the unavailability of a proper database and the lacking of
a real-time scheduling framework. There has been no research on establishing a coor-
dinated charging system for EVs for underdeveloped countries like Bangladesh, which
does not require real-time scheduling but rather limits the charging station’s total load
so that it does not exceed the generation capacity. In addition, no research has been
conducted on what to do with the rejected EVs in the optimal charging scheme. This
study establishes a charging schedule to address these concerns.

1.1.2 Problem Identification

For large-scale integration of EVs in Bangladesh, the problem that needs to be ad-
dressed is that the total load surpassing the generation capacity at peak hours leading
to blackouts. Among other types of EVs, easy bikes are responsible for the transporta-

Figure 1.2: Total load curve

tion of nearly 250 million people in Bangladesh. [10] So, easy bikes make a great
impact on the power sector compared to other types of EVs. During the peak hour
owing to the non-coordinated charging of the EVs, there is a greater chance of load-
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shedding as Bangladesh is a developing country where there is a scarcity of generation
of electricity. This problem should be addressed and solved. With a coordinated charg-
ing model, the peak load can be shaved and valleys can be filled.

1.1.3 Research Motivation

The following factors work as a motivation for the research:

1) The widespread use of EVs will aid in the reduction of global warming through
the decreased use of fossil fuels, paving the way for more sustainable living.

2) Reducing the illegal activities regarding the current easy bikes, and tom-toms;
putting them under government policies so that the government can generate revenues
through them by using the proposed CCM as well as legalizing the whole concept of
EVs in Bangladesh. All of these will lead to the total transformation of the transport
sector from ICE-based vehicles to electric vehicles.

3) Implementing such a charging scheme so that peak loads can be shaved and
valleys can be filled, which will help the operation of DSO.

4) Collaborating the easy bike owners with the government by the implementation
of the proposed CCM so that both parties can be benefitted.

5) Availing the opportunity for integrating modern versions of electric cars with
proper infrastructure in Bangladesh so that the common people have a pollution-free
means of transportation.

1.1.4 Scope of the research

With a coordinated charging scheme, there will be a huge potential for implementing
heavy electric vehicles such as electric cars, electric buses, trucks, etc in any develop-
ing country. The usage of IoT devices and data analytics leaves scope for future data
prediction so that the EV load demand is adjusted according to the generation capacity.
The concept of V2G (Vehicle to grid) technology has not been used in this research but
can find a way to work as an alternative for providing electrical energy during the peak
hours in the proposed CCM.

1.2 Research Objectives

This paper proposes a Charging Capacity Model (CCM) that considers the entire num-
ber of EVs in a country and optimizes the load curve using a modified Particle Swarm
Optimization (PSO) algorithm. This algorithm ensures peak reduction and valley in-
crease of the total load curve fortifying the fact that the load demand does not surpass
the supplied power from the DSO. In the proposed CCM, at first, the EV load curve is
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optimized using the modified PSO and an adequate number of EVs to establish the op-
timization is generated. Using that number, the CCM restraints the load demand from
overcoming the supplied power. The number of EVs found from the charging model is
defined as the highest number of EVs that can be charged at the same time time instant
all over the test zone. This number is calculated throughout the whole day, taking an
hour as an interval. Then, the required number of charging stations is estimated that
should be deployed all over the test zone to meet the load demand. This model then
sets the charging capacity per charging station for every time instant. In the first phase
of the proposed CCM, the following are to be found:

• The charging capacity throughout the test zone at each hourly interval

• The number of charging stations needed

• The EV limit allowed at each charging station.

There are two main objectives of this paper-

• To acquire the charging capacities for each time interval throughout 24 hours.

• To acquire the optimized charging station number and utilize it to obtain the
number of EVs that can get charged per charging station on an hourly basis.

1.3 Research Outcome

The expected outcomes from the research are hereby:

• Finding out the amount of EVs that can be charged at an hourly interval with
the condition of not surpassing the generation capacity of the grid by means of
reducing peaks and raising valleys.

• Finding out the number of charging stations that can accommodate these EV
loads efficiently and with that number, limiting the number of EVs chargeable
per hour at each charging station.

Fig. 1.3 shows the whole system envisioned by the CCM.

1.4 Novelty of the research

The proposed CCM will ensure that no real-time scheduling is needed so that the co-
ordinated charging is more implementable in third-world countries where the analysis
of various parameters such as arrival time of EVs, the priorities of the owners of EVs
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Figure 1.3: The system envisioned by the CCM.

in terms of charging their vehicles, the departure time, the state of charge (SOC), etc
is hectic and impracticable due to the unavailability of the proper database. The coor-
dinated charging model will be based on modified particle swarm optimization (PSO)
which will avail the opportunity to shave off the peak loads and place them on the val-
ley hours but also considering the factor influencing the rush in peak hours and keeping
an adequate number of vehicles charging during that period. There hasn’t been enough
research on developing a charging schedule for EVs that will limit the number of ve-
hicles based on the load demand in developing countries.
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Chapter 2

Background Study

2.1 Current Scenario Worldwide

Though the era of electric vehicles has begun, the usage of these vehicles varies from
country to country, depending on the financial and economic standard, availability of
resources, availability of proper charging infrastructure and government incentives,
customer participation, etc. There are basically two types of EVs- PEVs and PHEVs.
The vehicles that run only on battery fall under the category of the first type and the
vehicles that use both battery and ICE (Internal Combustion Engine) indicate the latter
type. After a decade of tremendous popularity, there were 10 million EVs all over
the planet by the closing of 2020 [11]. The manufacturers are becoming extremely
ambitious when it comes to the topic of electric vehicles as it has no tailpipe emission
which in turn supports decarbonization (lessening the GHG emission due to human
activities). In 2020, consumer purchases on electric vehicles reached USD 120 bil-
lion [11]. Over the past few years, the government expenditure on the sector of incen-
tives related to electric vehicles has dropped, which indicates that the customers are
becoming more interested and are being more appealed towards these vehicles. Con-
sidering the positive environmental effect that EVs have, governments are starting to
speed up their efforts on marketizing these vehicles, which indicates the active partic-
ipation in inhibiting climate change. With the goal of sustainable development, it is
assumed that the number of EVs (excluding two-three wheelers) will be around 230
million by 2030. [11] Developed countries such as China, Japan, South Korea, France,
Norway, etc, continue to lead the way in the usage of these vehicles [12]. Despite the
pandemic and its consequences, the year 2020 was promising in terms of electric cars
as the sales increased by 43% [13].
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2.2 Advantages of EVs

Recently the EVs are coming to the mainstream of transportation. They are replacing
the ICEs rapidly as days go by. As the EVs are run by induction motors rather than
any traditional car engines, there is no space for carbon emission. Moreover the sound
and vibration is much less than the ICEs. So the EVs are silent and smooth which
gives the riders a pleasant experience. The future of driving is based on clean energy,
owing to technological improvements that are enabling the development of even more
environmentally friendly batteries, hydrogen advances, and ever more efficient and
silent EV motors. Aside from the environmental effect, fuel, tax, and maintenance
expenditures can be reduced.

The three basic components that power completely electric vehicles are the on-
board charger, inverter, and motor, all of which are designed to be as efficient as possi-
ble. Because there will be fewer moving parts to hurt, the car will survive considerably
longer and the motor will be less strained. All of this suggests that maintenance and
operating costs will be low.

Instant torque will become commonplace all EVs, ensuring the power at fingertips.
The car responds quickly and accelerates when the pedal is touched, making these
vehicles ideal for city driving. EV batteries are usually found in the car’s floor, allow-
ing for optimal weight distribution and balance. As a consequence, turning bends and
curves is straightforward and safe.

2.3 Disadvantages of EVs

Electric vehicles mainly consist of an induction motor and batteries. The batteries
charge up and are used to run the motor. The battery capacity varies with different
types of electric vehicles. The 3-wheeler easy bikes, which are the most common
type of EVs in Bangladesh, are pulled by an electric motor with a capacity of 650-
1400 watts driven by lead acid batteries [14]. There are almost a million of these
vehicles deployed which leads to a consumption of 450MW [26, 27, 47]. Though it’s
3.6% of the total consumption still with the popularity of the electric vehicles this rate
will increase. As the EV penetration increases the chances of overload during peak
hours increases which will result in load shedding and sometimes blackout. Blackouts
are caused by sudden change of generation or demand. Sudden large amounts of EV
penetration may result in blackout. In countries like Bangladesh, EV charging from
unregistered distribution lines can also result in transformer failure. Loadshedding
will be an everyday problem if the generation is less than the demand which the large
amount of EV penetration can create at the peak hours. For a developing country like
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Bangladesh, both blackout and load shedding is detrimental for the economy.

2.4 EV Charging scenario worldwide

In 2020, the global EV fleet was 8.5M and it is expected to become 116M by 2030 [15].
In the United States, the electric car proportion of new vehicle sales was over 2.4
percent in 2020, up from roughly 2 percent in 2019 [16]. With the increase of demand,
the charging infrastructure is also increasing and becoming more efficient. In January
2019 it was reported that among 808,000 EV chargers in China, close to 330,000 were
public and 480,000 were residential [17]. Superchargers have become popular now-a-
days. There are more than 30,000+ superchargers and over 4,500 destinations charging
Tesla motors globally [18].

Figure 2.1: EV charging stations located all over the US.

There are three different types of charging mechanisms: battery exchange, conduc-
tive charging, and wireless charging. The battery swap technique involves paying the
BSS owner a monthly payment for the battery. [19]. For 3-wheeler EVs in Bangladesh,
this manner of charging is greatly preferred. The BSS’s slow charging mechanism ex-
tends battery life as well.

Pantograph and overnight depot charging are the two types of conductive charging.
Both AC and DC power supply can be used for conductive charging. Depending on
our country’s power grid, AC charging has various voltage and frequency levels. AC
charging mechanisms are classified into three levels: level 1, level 2, and level 3. Slow-
charging levels 1 and 2 are used, whereas fast-charging levels 3 are used. Generally,
level 1 and level 2 charging stations may be located in private settings, however level
3 charging needs separate wiring and transformers, as well as clearance from utility
companies. DC charging is usually quite quick. The new DCFC technology can fully
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Figure 2.2: Various types of EV charging methods [1]

charge an EV in less than 20 minutes approximately [20]. The wireless charging sys-
tem typically uses WPT technology to charge the battery. Electromagnetic induction
is the basis for this technique. The primary coil is installed on the road, while the sec-
ondary coil is installed inside the electric car. The WPT system may function at any
voltage level (Levels 1, 2, and 3), with a power rating of up to 20 KW and a 90 percent
efficiency. [21] [22].

The terms G2V (Grid to Vehicle) and V2G (Vehicle to Grid) refer to both unidirec-
tional and bidirectional power flow (Vehicle to Grid). A bidirectional grid-connected
AC-DC converter and a bidirectional DC-DC converter comprise the bidirectional EV
charger. [20]. This type of charger can charge or discharge, allowing EVs to perform
different grid auxiliary services. However, repeated cycling of discharging electricity
back to the grid might shorten the life of an electric vehicle’s battery. In addition, the
procedure is complicated by metering and grid stability difficulties, which entail sell-
ing and purchasing power from utilities [23].
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Chapter 3

Literature Review

At present, EVs are seeing a rapid increase in deployment all over Bangladesh. There
are three broad classes of EVs that are relevant for Bangladesh. The first is the PHEVs,
four-wheelers that have seen a 900 % increase in the registered. This can be attributed
to its lower operational costs, as for the same amount of fuel, a conventional combus-
tion engine vehicle will run at 7 to 8 km per litre while PHEVs can run to 15 to 16
km. Four wheeler full EVs are very low in numbers, with less than 10 such registered
vehicles in the country [24].

Before describing the model, it is necessary to have brief overview of the EV charg-
ing infrastructures. Charging an EV requires a number interlinked infrastructures. A
charging station with several charging outlets is required. The charging station will use
grid electricity to charge the EVs, but can also utilize renewable energy sources. The
charging station can be of three basic types, depending on the charging rates. These
are Level-1 (120 V), Level-2(240 V) and Level-3(480 V) charging stations. The vast
majority of charging stations are of Level-2 [25]. In this paper, it is assumed that the
charging rate is that of a Level-2 charging station, as in Bangladesh, almost all EV
charging stations for Easy-bikes use household connection.

Easy-bikes (EB) are the most common electric vehicles in Bangladesh, with 1 mil-
lion now on the road [26, 27]. Their popularity has grown despite little government
marketing due to their utility as a low-cost ride-sharing vehicle. Easy-bikes now pro-
vide primary mobility for over 250 million people, according to [28]. In comparison
to other forms of EVs, their extensive use demonstrates that their grid effects are many
times bigger.

While Easy-bikes are widely used, due to legal loopholes, far too many do not
have permits or fitness certificates. According to the Ministry of Road Transport and
Bridges’ [29], easy-bikes are not even considered vehicles. As a result, the BRTA does
not provide them with registrations, meaning that these Easy-bikes are exempt from
government oversight, resulting in poor design and usage by inexperienced drivers.
These are the primary reasons why Easy-bikes have a bad image in Bangladesh for be-
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ing more accident-prone than ICE-driven auto-rickshaws. As a result, the government
may enforce bans from time to time [30].

Only 14 standardized EV charging stations are currently operational in Bangladesh.
The overall capacity of these is 278 kW [31]. The charging of the country’s 1 million
Easy-Bikes, on the other hand, consumes 450 MW every day [28]. The majority of
these are charged utilizing residential connections [32] or charging stations [33]. With
the problems growing, Bangladeshi officials are finally beginning to take efforts to le-
galize and regulate Easy-bikes. The BEPRC has begun work on Easy-bikes [34] guide-
lines. Easy-bike drivers will also be issued licenses to bring them into compliance
with rule [35]. The proposed CCM is ideally suited for application and adoption in
Bangladesh in this situation.

Non-coordinated charging of electric vehicles has a number of detrimental con-
sequences, including overloading, increased harmonics and worse power quality, in-
creased voltage imbalance, and so on, as outlined in several studies [36]. However,
power overloading is certainly the most serious issue, with immediate consequences.
The majority of studies on this topic include load shifting using heuristic algorithms
and user data and preferences [37,38]. Many of these studies employ machine learning
and deep learning algorithms to forecast charging patterns [39–41]. Many more heuris-
tic algorithms use Demand Side Management [42]. Other studies employ approaches
like bisection and on/off control to create real-time EV schedules [43]. Controlling and
scheduling EVs directly, on the other hand, is difficult to accomplish in nations with
large populations and a large number of EVs, especially since many of them take away
the EV users’ freedom in scheduling, making it a fairly automated procedure.

The planned CCM merely establishes charging capacity restrictions at various times
throughout the day. In contrast to the previous works, this model is significantly easier
and less expensive to execute since it does not require real-time scheduling or the pro-
cessing of data from EV users charging. Controlling the charging capacity of charging
stations is more practical than controlling the behavior of EV customers. As a result,
it is significantly more practicable.

PSO was employed to optimize the EV load curve. This is due to its specific ben-
efits over other optimization algorithms, which include simplicity of operation, fewer
variables to work with, faster convergence time, and the ability to improve the global
optimum [44]. Similar optimization issues for EVs, such as [44–46], are commonly
solved by PSO. The PSO method has been tweaked in this model to optimize the EV
load.

The next section describes the proposed CCM model in detail.
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Chapter 4

Methodology

4.1 Basic Workflow

The process of work for the entire thesis is as follows: at first the mathematical model
is established. This is done without using any software tools. The theoretical are then
used to generate the CCM operational model. This requires the use of a software where
an optimization algorithm can be applied. For this, MATLAB is selected as being the
most user friendly.

4.2 Math Model Formulation

The math model has been formulated based on defining the problem first. The key
problem which has to be solved is that charging EVs consume power, and the electric
grid can supply only a certain amount of power at any time. So at rush hours, when
the peak power consumption is already very high, the introduction of large numbers
of EV charging may just cause the demand to exceed the limit, causing grid overload
and loadshedding. From that line of thought, the total power consumption has to be
formulated, and the power consumption due to EV charging has to be found separately.

4.3 MATLAB

MATLAB is used for the optimizing the EV load curve. Matlab works well with
optimization algorithms, and plenty of examples have been noted where particle swarm
optimization has been carried out in MATLAB. The particle swarm optimization which
is used in this thesis is also modified in Matlab. The optimized EV load curve is
generated in Matlab.
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Chapter 5

Charging Capacity Model

5.1 Generating the Electric Vehicle load curve

The foremost step of the procedure is the acquisition of the EV load curve. This can be
done by either acquiring the load curve data directly if it is available, or by calculating
the load curve data using the usage data available from the charging stations. Here, the
second method was used.

The average power utilized by an individual EV is first computed [43]. This is
shown in Eqn. (5.1),

PEV i
= (1− SOCi)

Emaxi

CTi

, (5.1)

where i is the identity of the EVs (i = 1, 2, 3, . . . , N ), SOCi is the state of charge
, Emaxi

is the maximum energy that can be stored in the battery of EVi (depends on
the type of EV), and CTi is the Charging time of EVi. PEV i

, the power consumed, is
the same for all EVs of a specific value of battery capacity Emaxi

. As the SOCi for an
EVi decreases, the time CTi needed for it to charge increases, and vice versa.

The total EV load at a given time t is then calculated. At first, using surveys
from different private charging stations, the time, hours, and the number of EVs being
charged throughout the day is acquired, which is then used to compute the percentage
charging pattern. This percentage of the EVs, d%, being charged at time t, is then
multiplied by the total number of EVs in Bangladesh, N . This is then multiplied by
PEV i

to find the total EV load Pd at a given time t as shown in Eqn. (5.2).

Pd = PEV i
×N × d%

= (1− SOCi)
Emaxi

CTi

×N × d% (5.2)

15



5.2 Generating the Non Electric Vehicle load curve

The second step is to obtain the Non-Electric vehicle load curve. If the data is specif-
ically available it can be used, but if it is not, it can be calculated separately. First the
total load Ptot curve is acquired from the data which is widely available in most cases.
The EV load is subtracted from this to get the Non-Electric vehicle load Pn curve. This
is shown in Eqn. (5.3).

Pn = Ptot − Pd (5.3)

5.3 Problem Formulation

In preparation for the optimization of EV load curve, the load limit of the EV loads,
Plimit is obtained. It is used to denote the maximum value that the total EV load at
any time can rise to. In other words, it denotes the upper limit of the EV load values.
This is found by subtracting the maximum Non-EV load from the maximum power
generation capacity of the power grid Ps. This ensures that the value of the EV load
never becomes higher than the value of the generation capacity of the EV load at any
time, so that no overloading occurs. This is shown in Eqn. (5.4).

Plimit = Ps −max(Pn) (5.4)

Eqn. (5.5) shows the determining function, which represents the power difference
of the Pd from the load limit Plimit. for the objective function ,

F = Plimit − Pd

= Plimit −
N∑
i=1

((1− SOCi)
Emaxi

CTi

). (5.5)

There are two objective functions in this optimization, for each of the two principal
conditions. Eqn. 5.6 represents the objective function when the Non-EV load is low,
also called valley hour. Eqn. 5.7 represents e objective function when the Non-EV load
is high, also called the peak hour.
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Objective function when Non-EV load is low (valley hour):

minimize F (5.6)

subject to

Pn < mean(Pn),

Pd < Ps,

0 < SOCi < 1,

Pd > 0.

Objective function for the peak hour:

maximize F (5.7)

subject to

Pn < mean(Pn),

Pd < Ps,

0 < SOCi < 1,

Pd > 0.

The above pair of objective functions achieve peak reduction and valley raising of
the EV load curve. The constraint (0 < SOCi < 1) sets the normal limits of the state
of charge of an EV. But given the fact that, this is not a control variable, this is not part
of the optimization function. Constraint (Pd > 0) denotes that (Pd)opt is never zero.

The problem formulated with the objective function and constraints is then opti-
mized using the modified PSO to obtain the optimized EV load curve, (Pd)opt.

5.4 Particle Swarm Optimization

The optimization of the EV load curve can be thought of as the principal operation in
the entirety of the thesis. It optimizes the EV load curve to the desired characteristics
needed for fulfilling the objectives of lowering the peaks and raising the valleys. This
optimization is carried out using the modified Particle Swarm Optimization (PSO) al-
gorithm.

The PSO algorithm uses the swarming of particles (or values) by the classification
of the particle positions as the best value and worst value. Here, the particles positions
are updated in accordance the velocity of the equation.

Here, the algorithm is modified in order to operate in a way that fulfils the ob-
jectives of the model. This modification involves some special conditions which are
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Figure 5.1: The Flowchart of the modified PSO algorithm.

introduced in the part where the positions of the particles are updated. This condition
entails the position of the particles, that is the new values of the EV load, will be set
by keeping the corresponding Non-EV load in consideration. This means for any time
t, if the value of the Non-EV load is under the value of the mean value of the Non-EV
load pattern in the dataset, the EV load Pd is set to the maximizing condition in ac-
cordance with the objective function. The value of Pd is minimized if Non-EV load is
higher than the mean Non-EV load pattern. Here the condition of the EV load pattern
is also taken into consideration. At the Non-EV peak hour, if the EV load is higher
than the mean EV load, then the EV load is lowered at that point. The value by which
the position is reduced, D, is then equally distributed among all the EV load values in
the pattern that are below the mean EV load at all times t, meaning the valley hours
of the EV load curve, valley(PEV ). From this modified PSO algorithm, the optimized
EV load curve is obtained from the unoptimized pattern. This is given by (Pd)opt.

5.5 Charging Capacity Limit

The final step to the CCM is the acquisition of the charging capacity limit. This means
that the number of EVs needed to be charged at a given time at each charging station
has to be found. This is the application point of the CCM model and this is how the the
peak shaving and valley filling will occur. This is because these limits would be set in
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accordance with the optimized EV load curve which has been optimized to have peak
reduction and valley raising.

After the optimized EV load curve values, (Pd)opt, are obtained, the total number of
EVs that are allowed to be charged throughout the test zone at different time intervals
is calculated. Denoted by Nopt, these values are calculated by dividing the (Pd)opt at
those time intervals by the value of PEV i

, shown by Eqn. (5.8).

Nopt =
(Pd)opt
PEV i

(5.8)

The next variable to be determined from here is the number of charging stations
required throughout the whole test zone. The number of full capacity charging stations,
C, is calculated for each value of Nopt. It is acquired by dividing it by the number of
EVs that a standard charging station can support. This given by n.

C =
Nopt

n
(5.9)

Using the values of C, the maximum number of charging stations, Cmax is deter-
mined. It is considered to be the number of charging stations that should be constructed
in the test zone so that it can accommodate the maximum number of EVs that need to
be charged.

The optimized number of EVs that can be allowed all over the test zone, Nopt, is
then divided by the maximum number of charging stations, Cmax, to find the number of
vehicles that can be charged at each charging station at each hour. This is then denoted
by Nc.

Nc =
Nopt

Cmax

(5.10)

The DSO can observe the number of EVs that are being charged at all times in the
charging station. They can ensure that the limits of Nc are being obeyed.

5.6 Mathematical model with respect to Easy-bikes in Bangladesh

As mentioned before, Easy-Bikes are the most widely available EV type in Bangladesh.
Thus, for the application of the CCM model for the present scenario of Bangladesh, a
model with Easy-Bikes has to be considered.

For the present scenario of Bangladesh, there are four primary stakeholders who
would be benefited from the application of a coordinated charging scheme on Easy-
Bikes. These are the government, the DSO, the Easy-bike owners and the common
people. The application of the proposed CCM to the East-Bike charging system will
fully bring the Easy-Bike charging infrastructure under government regulation. Peak
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shaving and valley filling favor the DSO by making their operations easier. The Easy-
bike (EB) owners can cut their losses by coming under government regulation and
therefore avoid crackdowns and fines. Meanwhile the ordinary people would be the
biggest beneficiaries as they would have continued access to an easily affordable means
of commutation. Table 5.1 summarizes the ways in which the proposed model is ex-
pected to maximize the profits and minimize the losses for all the stakeholders in-
volved.

Table 5.1: Advantages of the CCM for Bangladesh

Stakeholders Description

Government They can generate revenue through legitimization, can regulate
the Easy-bikes through the CCM and can curb illegal activities
surrounding these EVs.

DSO The model can reduce chances of overloading through peak-
shaving and valley filling, making operations easier for the DSO.

Easy-bike own-
ers

The adoption of the model is expected to help cooperation with
the government and prevent financial losses.

Common people They are expected to achieve the easy availability of low cost
Easy-bikes while ensuring grid stability.

The values of the different variables for the application of the CCM model in
Bangladesh is summarized in Table 5.2.

Table 5.2: Summary of values of Mathematical variables for Bangladesh.

Qualities Notation Value

Total number of Easy-bikes (present estimate) N 1 million [26, 27]
Power Consumed individual Easy-bikes PEV i

0.0004 MW [47]
Generation Capacity Ps 21,000 MW [48]
Maximum Non-EV load max(Pn) 12,500 MW
Load limit of EV loads Plimit 8,500 MW
Maximum Number of EBs in a charging station n 12

Given the fact that the Emax value is approximately same for all EVs of the same
type, the power consumed by each of the EVs, PEV i

, is the same. For Easy-Bikes it is
an average of 0.4 kW [47].

While no explicit data is available for the exact EV load pattern that is resulting
from the uncontrolled charging of Easy-Bikes in Bangladesh, it can still be acquired
through unofficial means, by conducting surveys with the EV charging station owner.
This was done for this thesis as well. Based on survey from several Easy-Bike users
and the employees in charge of several existing charging stations, the percentile distri-
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bution for the charging pattern of Easy-Bikes is generated. This percentage distribu-
tion, d% is shown in Fig. 1.1.

There are over 1 million Easy-Bikes present all over Bangladesh, the value of which
is denoted by N , [26, 27]. The value of Pd for Bangladesh for each time instant t for
24 hours is then calculated using Eqn. 5.2. The total load curve for 24 hours for a
typical day is generated by averaging the total load curve for the 15th of every month
of the running year. These data are acquired from the official reports of the Power
Grid Company of Bangladesh (PGCB) [49]. The Non-EV load curve is acquired by
subtracting the EV load curve from the total load curve, shown in Fig. 5.2.

Figure 5.2: The Non-EV load curve

At present, the total generation capacity, Ps, of Bangladesh is at 21,000 MW [48],
with the maximum Non-EV load, max(Pn) being 12,500 MW in accordance with the
load curve data used [49]. This puts the value of Plimit to be 8,500 MW with respect to
the present data. Typical Easy-bike charging stations can charge upto maximum of 12
Easy-bikes at a time, found through survey. So n has a value of 12 in this case. This is
the same for all charging stations in this model

With these parameters set, the optimization operation is carried out on the data of
Bangladesh, and the results are shown in the following section.
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Chapter 6

Result Analysis

6.1 Main Section 1

The CCM model has been applied for the data of Bangladesh as shown in the previous
chapter. The results can be thought of as two sepearte types. First, the results of the
charging power capacities are visualized, followed by charging station capacities.

6.2 Charging power capacity

Figure 6.1: Comparison of un-optimized and optimized EV load curve

The Pd load curve and (Pd)opt load curve is shown in Fig 6.1 . It can be observed
that the peaks have been significantly reduced and the valleys have also increased.
While one may question why the change is not very drastic, the most logical answer to
that is that its simply not possible to massively change the peaks and valleys just to suit
the needs of the power grid. This is because the EVs, although moving randomly are
following an approximate pattern that does not usually change. For instance, the vast
majority of EVs cannot be moved to charge at a time when most of them are likely to
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be active and travelling. The main target of this optimization is to lower the number of
EVs trying to charge in the same time instance with the sole aim of preventing a power
grid overload.The total load curves before and after optimization is shown in Fig. 6.2.

Figure 6.2: Comparison of un-optimized and optimized total load curve

As can be seen in Fig.6.2 , as consequence of the EV load being optimized, the
optimized total load also had its peaks reduced and valleys raised. While the change
appears miniscule at first glance, it should be noted that these results are obtained for
the present number of active Easy-Bikes on record in Bangladesh. At the time when
this thesis was prepared, the maximum EV load at any point is less than 450 MW. At
the same time, maximum total load reaches upto 12,500 MW. When more sophisticated
EV types with far greater values of Emax, such as Electric cars and buses, will be
introduced in large numbers, the EV load values will see a sharp rise. It is without a
doubt that in that scenario, the proposed model will have a significant effect on the load
curve. Table 6.1 summarizes the results of the optimization algorithm for peak shaving
and valley filling. It can be observed that the maximum value of the EV load curve is
significantly lower, and the minimum value has also seen a significant increase.

Table 6.1: Peak shaving and valley filling.

Variables EV Load data Optimized EV load data

N 1 million [26, 27] min(Pd) 40 MW min((Pd)opt) 88.3MW
PEV i

0.0004 MW [47] max(Pd) 380 MW max((Pd)opt) 320MW
Ps 21,000 MW [48] mean((Pd)) 176.2MW mean((Pd)opt) 145MW

max(Pn) 12,500 MW
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6.3 Charging station capacities

In the first step, the optimized EV load curve and the optimized total load curve is
obtained. The next step consists of finding the total number of EVs permitted at each
time instant t throughout the country. This is then followed by obtaining the number
of charging stations throughout the country. The charging stations will be under the
control of the DSO, and will be capable of coordination with IoT devices.

Fig. 6.3 shows the highest number of EV allowed throughout the test zone in ac-
cordance with the optimized EV load curve. Fig. 6.4 shows the maximum number of
EVs per charging station..

Figure 6.3: The Optimized Number of Easy-bikes all over the country.

Figure 6.4: The Number of Easy-bikes allowed per charging station all over the country.

The results pertaining to the charging station data are summarized in Table 6.2. The
number of standard charging stations required to be built for fulfilling the requirements
of grid are displayed.
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Table 6.2: Optimized charging station capacity of Bangladesh

Variables Results

N PEV i
Ps max(Pn) P Cmax

1million 0.0004 MW 21,000 MW 12,500 MW 8,500MW 66,667

6.4 Discussion

The results of the thesis elucidates the success of the CCM in fulfilling the objectives
of this research. The optimized EV load curve is obtained for EV load curve achieves
peak shaving and valley filling, demonstrated by Fig. ?? and Table 6.1, which fulfilled
the first objective. The number of charging stations and the number of EVs allowed
per charging station per hour is also found, demonstrated by Fig. 6.4 and Table 6.2,
fulfilling the second objective. The CCM can be implemented in the real world using
IoT devices at the charging stations which would monitor the number of EVs being
charged, and would ensure that the limits are being obeyed. Appropriate communica-
tion protocols can be used for the transfer of information to and from the DSO control
center and the charging stations. The DSO can choose to make the information avail-
able online, so that EV drivers may look up which nearby charging stations have free
slots and direct themselves to those in accordance.
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Chapter 7

Conclusion

Countries all around the world have begun to adopt EVs, in some shape or form, in
large numbers. EVs therefore, are very likely to replace the conventional fuel driven
vehicles as the main mode of transportation in the near future. But with that, the
problems of the overloading of the electric grid due to EVs charging is expected to
increase by a large margin. The CCM model is designed to be suitable for areas where
large number of EVs are expected to be charged. In this work, the CCM model has
been implemented on the data for Easy-Bikes considering Bangladesh as a test case.
The results of the model demonstrate successfully, that the model can carry out peak
shaving and valley filling for the EV load curve. This results in the reduction of the
peak of the total load curve and therby eliminates any chance of grid overloading. If
this model is adopted as a national project by the Government of Bangladesh with
sufficient investments from interested players in the private sector, it can greatly avert
the looming threat to the power grid of Bangladesh which may not expand fast enough
to accomadate large scale EV adoption without facing overloading issues. On other test
cases around the globe it is expected to have a similar positive effect in stablizing the
electric grid in the case of high EV penetration. It hinges on the fact that it is relatively
easy to implement, offers privacy for EV owners and does not require extensive data
management, which is a boon for many developing countries like Bangladesh.

However, while the CCM model can set the charging capacities for each charging
station, this model has some limitations, notably in the implementation phase. This
model does not yet have any mechanisms to deal with the accepting and rejecting of
EVs from the charging station. When implementing the CCM on a practical level,
such procedures are required to ensure the smooth operation of the system that the
CCM will set up. There is room to expand and improve this model for a practical
implementation.
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