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Abstract

Electric vehicle (EV) technology has lately attained a considerable market share. For sustainability, reliability and
efficiency of the electric-power distribution grid, this technology have need of the development and implementation of
smart charging techniques. With the fast progress of Electric Vehicles (EVs), large-scale charging demand will
tremendously affect existing electric-power distribution grid. Hence, the inevitability for a smart charging regime. This
review article briefly talk about the various types of electric vehicles. It discusses the grid, smart grid and their
relationship with the electric vehicle. A review case of emissions from EVs have been presented. It outlined some proven
smart charging techniques by different authors utilizing diverse tools for the electric vehicle. Thereafter, based on the
techniques outlined attempts were made to explain the influence of smart EV battery charging management on the
distribution grid. From the foregoing, the authors reached the conclusion that the fair share of coal as electrical energy
resource should be minimized in order to reduce carbon dioxide emission from EVs. Furthermore, the various electric
vehicle smart charging techniques investigated reveal a promising future for smart charging integrated electric-power

distribution grid.

Keywords: Electric vehicle, Grid, Smart grid, EV smart charging techniques, Electric vehicles emissions, Electric-power distribution

grid

1. Introduction

The electric-power system is in the course of transformative
modification, the program for minimizing emissions,
increment in renewables spread and efficiency in
advancement is encouraging the growth of electric vehicles
(EVs). An electric vehicle (EV), equally described as an
electric drive vehicle, is a vehicle which utilizes one or more
electric motors for propulsion. The main types of electric
vehicles include: Fuel-cell Electric Vehicles, Hybrid electric
vehicles (HEVs), Plug-in Hybrid Electric Vehicles (PHEVs),
Extended-Range Electric Vehicles (ER-EVs) and Battery
Electric Vehicles (BEVs). For the purpose of this article the
term electric vehicle (EV) will be used for BEVs when not
referred to in any other way [1-4].

Depending on the kind of electric vehicle, motion
perhaps can be made available by wheels or propellers
driven by rotary motors, or in the situation of tracked
vehicles, by linear motors. Electric vehicles is inclusive of
electric cars, electric trains, electric trucks, electric Lorries,
electric airplanes, electric boats, electric motorcycles and
scooters, and electric spacecraft. With the global energy
catastrophe, development in battery technology and
increasing significance of energy saving technology, much
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consideration and preferment is being given to the electric
vehicle technology by government and manufacturers alike.
Electric vehicles (EVs) is being encouraged as a green
replacement to traditional fossil fuel based transportation.
There is a global rise of new players in the electricity
markets that cater to the growing demand of EVs. [5-8].
Anyhow electric-power is produced, it is transmitted to a
vehicle by means of overhead lines, wireless energy
transfers like inductive charging, or direct link through an
electrical cable. The electric-power may then be stored
onboard a vehicle by the use of a battery, flywheel, super-
capacitor, or fuel cell. Vehicles working on the principle of
combustion normally only obtain their energy from a single
or a few sources, typically from fossil fuels. One major merit
of the electric vehicle is its capability to recuperate braking
energy as electric-power to be restored to the on-board
battery, that is regenerative braking or sent back to the grid,
Vehicle-to-Grid ~ (V2G). Growing  interest  over
environmental impact of petroleum-based transportation
infrastructure, together with the threat of crude-oil price, has
led to renewed concern in electric transportation
infrastructure. Hence, vehicles that has the possibilities of
being powered by renewable energy sources, like pure
electric vehicles are attracting global attention [5, 9-10].
Electric Vehicle (EV) charging stations make available
energy to charge the batteries of an electric vehicle, these
stations are selected localities consisting of external chargers
for electric vehicles. Every station is composed of a plug
that becomes attached to a vehicle, supplying it with
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electric-power necessary for propulsion. The necessity for
electric vehicle charging stations in both industrial and
commercial places will grow as plug-in electric vehicles
(PEVs) increases. Power system engineers will experience
problems during the process of applying the electric vehicle
charging stations to their facility electrical power systems
[11-14]. With the advancement of electric vehicles, charging
infrastructure have also advanced [15].
Recent technological development in electric-power
distribution and load management that utilizes information
and communications technologies, normally referred to as
smart-grids, guarantee to make possible the integration of
EVs into electric-power load and to reduce costs. Smart-grid
technology allows EV-charging load to be transferred to off-
peak time whether grid-to-vehicle (G2V), thereby bringing
down the daily load curve and considerably reducing both
generation and network investment requirements. state-of-
the-art metering devices is a necessary constituent, allowing
a two-way flow of information and supplying customers and
utility authorities with real-time data and permitting
customers to cleverly make arrangements for charging.
smart charging of an Electric Vehicle is when the charging
cycle or revolution can be modified by external occurrences,
thereby permitting adaptive charging practices, and making
the Electric Vehicle able to integrate into the whole electric-
power system in a grid-user-friendly manner. Smart
charging should enable the security/reliability of power
supply, and at the same time meet the mobility limitations
and essentials of the end-user. To attain these objectives in a
safe, secure, reliable, sustainable and efficient way,
information is required to be exchanged among several
stakeholders. smart charging is an operation propelled by
both price and control signals. Price signals is when pliable
EV loads react to time-of-use, dynamic hourly price of
energy, price of maximum instantaneous power demand, and
so on. While control signals relates to grid and market
circumstances, that is temporary demand for power, which
results in an increase in electric-power availability [1, 16].
As the market shares of EVs rises, the electric-power
distribution grid will be affected. Similarly, at low market
shares, EVs could effortlessly overload local transformers
and distort voltage levels. Faced with this circumstances, as
power networks were designed to meet consumers demand
at all times, the conventional fit-and-forget strategy to power
distribution network advancement would insinuate erecting
extra lines and transformers. However this strategy may no
longer be the most cost-advantageous as it requires high
technology adoption costs that might be a burden to the
electric-power systems and thereby negatively affecting EVs
mass market [1]. This paper is organized as follows: In
Section 2 the authors talk about the various types of electric
vehicles. Section 3 discusses the grid, smart grid and their
relationship with the electric vehicle. Section 4 Illustrates a
typical review case of emissions from EVs. Section 5
outlined some proven smart charging techniques for the
electric vehicle. While Section 6 attempts to enumerate the
influences of smart EV battery charging management on the
electric-power distribution grid. And thereafter the paper is
concluded.

2. Types of Electric Vehicles

2.1 Fuel-cell Electric Vehicles; These vehicles produce
electric-power from hydrogen and oxygen. Owing to its

81

efficiency and water-only emissions, it is adjudged to be the
leading electric vehicles. Its main component parts is
illustrated in figure 1 [1-4, 17-18].
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Generates electricity
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Runs on electricity from the

ydrogen fuel under
fuel stack and the battery =

Fig. 1. Main components of a fuel cell electric vehicle [18]

2.2 Hybrid electric vehicles (HEVs); These has two
complementary drive structures as can be seen in figure 2: a
gasoline engine and fuel tank and an electric motor, battery
and controls. The engine and the motor can concurrently
turn the transmission, which powers the wheels. HEVs
cannot be recharged from the electric-power distribution
grid. But its power comes exclusively from gasoline and
regenerative braking [1-4, 19].

Gas Tank

Battory Pack

Fig. 2. The structure of an Hybrid electric vehicle [19]

2.3 Plug-in Hybrid Electric Vehicles (PHEVs); These are
furnished with internal combustion engine that can recharge
the battery and/or to substitute the electric drive train when
the battery is low and extra power is needed. Likened to the
HEV, it has nevertheless a larger battery-pack and it can be
charged exactly from the power grid. The constituent parts
of a plug-in hybrid electric vehicle is displayed in figure 3
[1-4.20].

Power Electronics

Electric

Storage \ K& Motor

Lightweighting
Materials

Engine \— Radiator

Fig. 3. Constituent parts of a plug-in hybrid electric vehicle [20]

2.4 Extended-Range Electric Vehicles (ER-EVs), Figure 4,
represents an ER-EVs, it employs both combustion engines
and electric motors, only the electric motor is utilized for
propulsion. The combustion engine is utilized to energize a
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generator. The generator subsequently charges the battery,
which energizes the motor. ER-EVs equally permit plug-in
charging [1-4, 21].

Charge socket Combustion engine Generator

Fuel tank Lithium-ion Electric motor

battery

Fig. 4. Key units of an Extended-Range Electric Vehicle [21]

2.5 Battery Electric Vehicles (BEVs); The BEV is all
electric, it runs absolutely on a battery and electric drive
train, without a traditional internal combustion engine as
depicted in figure 5. These vehicles should be plugged into
an external source of electric-power in order to recharge
their batteries. Like each and every electric vehicles, BEVs
can as well recharge their batteries by means of regenerative
braking. This kind of EV needs bigger batteries than the
joined electric-petroleum vehicles [1-4, 22-23].

Power
Controller

Battéry
Pack

Electric
Motor

Fig. 5. Essential items of a battery electric vehicle [23]

3. The Grid, Smart Grid and their relationship with the
Electric Vehicle

The Grid is comprise of interconnected electrical power
systems that convey electric-power from the plants where it
is generated to the end-user. The grid includes wires,
substations, transformers, switches and lots more. It applies
to the electric-power grid, an interconnected system of
transmission lines, substations, transformers and much more
that deliver electric-power from the power plant to homes or
businesses. Despite the fact that the electric-power grid is
regarded as an engineering wonder, it is being stretched to
its mix or patchwork capacity. For further advancement, we
require a new type of electric-power grid, that is built to
handle digital and computerized equipment and on which
technology depends on. An electric-power grid that can
automate and manage the increasing complexity and present
needs of the electric-power systems [24-25]. A Smart Grid is
an advanced grid system that manages or controls electric-
power demand in a sustainable, reliable and economic way,
it is built on modern infrastructure and adjusted to ease the
integration of all connected. It can be referred to as the
digital technology that permits two-way communication
connecting utility authorities and its customers, and sensing
on the electric-power lines. Like the Internet, the Smart Grid
is composed of controls, computers, automation, new
technologies and equipment functioning simultaneously, but
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in the case of the Smart Grid, these technologies will work
with the electric-power grid to react digitally to fast
adjusting electric-power demand. The advantages related
with the Smart Grid include: Better efficiency in the
transmission of electric-power; Faster restoration of electric-
power in the wake of power disruption; Minimized operation
and management costs for utility authorities, and eventual
reduction of electric-power costs for end-users; Lowering
electric-power peak demand, which helps to reduce
electricity rates; A growth in the integration of large-scale
renewable energy generation to the electric-power systems;
Improved integration of customer-owned electric-power
generating systems, inclusive of renewable energy systems;
And enhancement of the security of electric-power system.
A vivid description of the smart grid is shown in figure 6,
[24-27].
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Fig. 6. The Smart Grid [27]

The present electric-power grid all over the globe, does
not provide any notable storage capacity. This imply that
every kilowatt-hour of electric-power utilized must be
produced instantaneously at the very same moment.
Meaning that for every unit of electric-power produced by
utility authorities, it need to be matched with the exact unit
of electric-power demanded. Hence, there should be a
balance between the unit of electric-power produced by
utilities and the unit of electric-power demanded by
customers or end-users. This necessity is likely the greatest
challenge towards the actualization of a sustainable electric-
power supply centred on renewable energy sources, like
photovoltaic panels and wind power plants. Since their
electric-power output varies with time, it is commonly not
reliably predicted and most times their output differs
considerably from the actual electric-power demand.
Specifically, lack of availability of electric-power from
renewable energy sources during lengthened calm and
cloudy times present the greatest obstacle. To provide
sufficient electric-power at such times, large fleet of
traditional power plants has to be on standby mode, prepared
to take over when renewable energy sources can no longer
satisfy customers demand. Another option is to build
gigantic facilities, like the pumped storage or batteries that
will be able to store electric-power for a longer duration of
time. Pumped storage and battery technology requires costly
hardware facilities and maintenance expenditures when
compared to traditional power plants. Smart grids and
demand control techniques make available a less costly and
better reasonable hardware wide-ranging options for the
smart charging of electric vehicles. This is realized by
relaxing the connection between electric-power production
and demand, hinge on developing a technique such that
electric-power demand can be controlled to match with
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variations in electric-power supply. Achieving this, entails
shifting less urgent electric-power consumption out of times
of peak demand onto periods of surplus electric-power
production. The introduction of smart charging technologies
into several spheres of human endeavor is the most positive
way out to realize a reliable integration of renewable energy
sources onto the electric-power production or generation
mix. In the long run, an increase in the installation of smart
charging technology will reduce the numbers of needed
standby power plants and save related construction and
operational costs [28-31]. There is a growing interest in
incorporating the demand control strategy into electric
vehicles. This is accomplished by means of the use of power
line communication and electricity market pricing
mechanisms [28, 32-37].

4. A Typical Review Case of Emissions from Electric
Vehicles

Figure 7, shows a comparison between the emissions from
petrol cars and electric cars by utilizing electric-power
generated from traditional power stations. Generally, there
are less emissions from electric cars. Eco-Points rating
shows that electric cars would yield only a third of the
pollution that petrol cars make, particulate matter generated
is 3.6 times extra than gasoline cars in places depending on
traditional natural resources for electric-power supply.
Nitrogen oxides (NO,) emission from petrol cars is also very
high as compared to that of electric cars [§8]
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Fig. 7. Emissions from Petrol and Electric Cars [8]

Electric vehicles are distinct from fossil fuel-energized
vehicles in that they can get energy from diverse sources,
inclusive of fossil fuels, nuclear power, and renewable
sources like tidal power, solar power, and wind power or
whichever mix of those shown in figure 8 (a) and (b), it also
shows annual CO, emission per vehicle in two different
places (Locations A, figure 8 (a) and Location B, figure 8
(b)), since the breakdown of energy source is unique from
one place to another, an EV will be greener in some places
than others. For instance, a place that utilizes very small
coal, the EV’s emissions are far less than that of a gas car. In
heavy coal locations or places, EVs create a lot extra CO,
emissions, but quiet less than a gas car [9]. In figure 8 (a)
and (b), HEV = traditional hybrid car, PHEV = plug-in
hybrid car, and EV = battery electric car.
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Annual Emissions per Vehicle
(Ib of CO equivalent)

Electricity Sources

30.79% Hydro
30.59% Nuclear
18.93% Gas
14.49% Coal
2.35% Wind
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0.90% Oil
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Fig. 8 (a), Location A.
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Electricity Sources
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Fig. 8 (b) Location B.
Fig. 8. A breakdown of generated energy sources and annual emission
per vehicle of CO, at two different places, Location A and B [9]

5. Electric vehicles smart charging techniques

Smart charging pertain to a controlled charging technique
that optimizes the utilization of the electric-power grid and
the obtainable electric-power to curtail extra investments in
the electric-power system and ease the integration of
renewable energy sources. It is the conveying of information
and services between an electric vehicle and Smart grid
stakeholders, in order to provide and sustain a safe, reliable
and user friendly charging infrastructure. The control
technique can be facilitated by the electric-power grid
through the charging point or by the vehicle itself, and
putting into consideration the communication system with
the electric-power grid permitting the charging operation to
assume real electric-power grid abilities. Price or control
signals can be conveyed by means of Information and
communications technology (ICT) infrastructure, such as
intelligent metering system, in order to permit intelligent
charging algorithms to take generation or production and
electric-power grid limitations into account and to permit
customers to profit from price opportunities. [38-39]. Some
of the smart charging techniques enumerated in this article
are real life analysis, while others are simulated scenarios
which are appropriate for practical implementation, these
include:

Optimal  Charging  Scheduling  using  Heuristic
Algorithms; This is an optimization algorithm to
synchronize the charging of electric vehicles developed and
implemented utilizing a Genetic Algorithm (GA), where
thermal line boundaries, the load on transformers, voltage
boundaries and parking availability patterns are taken into
account or provided for to create an optimal load pattern for
electric vehicle charging-based reliability [40].

WINSmartEV™ smart electric vehicle charging system:
This is a demonstration of an electric vehicle charging
system that is presently in operation. It is a software and
network based electric vehicle charging system designed and
built on the concepts of intelligent charge scheduling,
multiplexing (that is connecting multiple vehicles to each
circuit) and flexibility [41].
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Comprehensive smart charging system: It is a unique
system that leverages mobile and Radio-Frequency
IDentification (RFID) technologies, aggregation
middleware, and an aggregated charge scheduling algorithm.
[42].

Smart Real-time Coordination System (SRTCS): This is
an innovative online coordination technique for the charging
of plug-in electric vehicles (PEVs) in smart distribution
systems, the unconventional prediction unit can predict
future or anticipated PEVs power demand using an
innovative two-stage optimization unit that ensures effective
charging coordination. It optimally charges PEVs in order to
maximize owners’ satisfaction and minimize electric-power
systems operating costs without violating power system
constraints [43].

Strategic charging method: This is a PHEVs’ charging
scheduling programs intended for optimizing customers
charging cost by bearing in mind generation ability
constraint and dynamic electricity price in different time
slots of day. It utilizes stochastic model for start time of
charging and duration in the optimization algorithm, thus
making this technique a practical tool for modeling vehicle
owners’ charging behavior with the motive of peak load
shaving. it regards PHEV owners to be price anticipator
implying that they are willing to cut-down their cost of
charging with regards to electric-power prices in each time
slot. Also, PHEV charging is perceived as a game among car
owners, the intention of which is to curtail car owners’ cost
of charging. It is based on probabilistic model of customers’
behavior which is more correct in practical implementations
[44].

6. Influence of Smart EV Battery Charging Management
on Distribution Grid

The influence of electric vehicles on the distribution grid can
be decided by EVs smart charging techniques. The influence
they will have on the distribution grid have been measured
and calculated by different authors in various places utilizing
diverse tools that vary from analytical techniques to
simulations and beyond [45]. For the purpose of this work,
the authors have enumerated the influence of the various
smart charging techniques outlined in Section 3 on the
electric-power distribution grid. These are as follows:

1t reduces power losses, voltage deviations and prevents
the aging of power system elements [40, 42, 46-48]: Optimal
Charging Scheduling using Heuristic Algorithms have been
used in low-voltage residential system. Here, EVs could be
viewed as loads or generators hinging on the indispensability
of the Distribution System Operator (DSO). This provides
benefits to DSOs with regards to evaluating the load demand
of electric-power systems, peak load shaving, flattening load
profile and reducing transformer aging. Furthermore, it is a
Vehicle to Grid (V2G) technology which can be utilized to
address distributed energy resource generation oscillations
and qualifies EVs to be regarded as new generator in the
electric-power generation portfolio [40].

It maximizes the use of available grid resources, thereby
enhancing grid stability [41, 43, 49]: The WINSmartEV™
smart electric vehicle charging system has the capability to
optimally schedule charging in order to securely maximize
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the utilization of accessible grid resources for charging EVs
and thereby maximizing the number of EVs that can be
linked to the grid while enhancing grid stability [41].

It saves cost by capitalizing on off-peak charging
benefits, and generate revenue for parking garage operator
[40, 42, 46, 47]: The comprehensive smart charging system
brings about costs savings, peak load reduction or
minimizing, ease electric-power grid load during peak hours,
capitalize on off-peak charging benefits, and generate
revenue for parking garage operator. It is well suited for
implementation in an enterprise environment where huge
numbers of EVs could be aggregated to substantially
influence peak load alleviation and act as a notable energy
resource [42].

It provides robustness, immunity to extreme load
conditions, and an acceptable computation time for smart
electric-power distribution systems [43, 50]: The Smart
Real-time Coordination System (SRTCS) provides
robustness, immunity to high risk load situations, and an
acceptable computation time for smart -electric-power
distribution system, It as well allows better utilization of
electric-power system resources [43].

It decrease peak load growth and customer electricity
bill cost [40, 44, 46-47]: Strategic charging technique is an
algorithm that can be utilized by utility authorities to
persuade customers to use their smart chargers by moving
charging to times that electric-power provision is cheap. It
brings about near-optimum scheduling with high
convergence speed, acceptable distribution of load for
varying penetration levels of PHEVs, and at the same time,
putting into consideration the probabilistic behavior of
customers. This reveals the benefits and potentials of the
algorithm for developing load management strategies in
power markets [44].

7. Conclusion

The authors of this review article have been able to outline
smart charging techniques, based on measured and
calculated results by different authors in various places of
the globe utilizing diverse tools to analyze real-life and
simulated scenarios. All the techniques discussed in this
paper have great influence on the electric-power distribution
grid as outlined in Section 6. This article has shown that to
reduce carbon dioxide emission from EVs, the fair share of
coal as electrical energy resource should be discouraged or
drastically minimized. Future research work should be
focused on practical or real-life implementation of simulated
techniques outlined in this article. Also, conscious effort
should be made towards extending these smart charging
techniques to other electrical devices or equipment’s which
offer flexibility in their utilization and power consumption.
And more work should be done on the reduction of
particulate emission in electric vehicles, when using electric-
power generated from traditional power sources.
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