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ABSTRACT

The depletion of fossil resources, the increase of carbon
emissions and the studies of smart transportation technology
have increased the importance of electric vehicles. Today,
Europe and United States have been started to encourage the
use of electric vehicles. Battery Electric Vehicles (BEVS) and
Plug-in Hybrid Electric Vehicles (PHEVS) run on a battery and
electric drive train. These vehicles will become an alternative
for conventional vehicles in the future. This study presents the
technological properties of BEVs and PHEVs with some
comparisons.

INTRODUCTION

Electric vehicles are taken the drive power from one or
more electric motors. Due to strong acceleration characteristics
and instantaneous torque, electric motors are increasingly used
in the automotive industry [1]. The first electric vehicle model
in the world was built in 1835 in the Netherlands by Professor
Stratingh. Between the years 1834 and 1836, the electric
vehicle development and implementation of the road were
reported by Thomas Davenport in the United States. This
vehicle was driven by non-rechargeable batteries and was a
three-wheeled vehicle. After 1859 the lead-acid batteries have
been developed and used. Many companies in the Europe and

79

the United States began producting and selling the electric
vehicle in the 1890s [2, 3].

Electric vehicles in the mid-19th century and early 20th
century were extremely popular. In 1901, "New York Taxi"
company was started to use electric vehicle as taxis as shown
in figure 1. Krieger tested the electric-gasoline hybrid vehicle
configuration model for the first time. The first experimental
hybrid electric vehicle was designed by Ferdinand Porsche.
The vehicle has been named Mixte Wagen [4].
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Before the 1920s, electric vehicles were to compete in
quality with the use of petroleum-fueled vehicles. Afterwards,
the wide variety of petroleum vehicle, loading the energy in the
developed oil infrastructure quickly, companies such as Ford
Motor Company serial petroleum vehicle production caused
the petroleum vehicle to be cheaper than electric vehicle. As a
result of these developments, the electric vehicle was
withdrawn in the 1930s from the U.S. market. Until 1960,
electric vehicle development studies have not been conducted
[6, 71.

After the 1990 with newly battery technology, many
vehicles company began to develop electric-vehicle models
such as; Ford-Think City, Nissan Altra EV and the Peugeot
106-Electric. Models of the Toyota Prius in Japan in 1997,
developed and launched the modern hybrid electric vehicles. 2
years later, the Honda Insight hybrid electric vehicle was made
in America and it was followed by the Honda Civic
[8].Currently, the world famous automobile companies attach
more importance to the electric vehicles. With the wvehicles
driving principle, electric vehicle can be divided into three
types, including battery electric vehicle, hybrid electric vehicle
and fuel-cell electric vehicle [9].

BATTERY ELECTRIC VEHICLES (BEVS)

Battery electric vehicles are pure electric vehicles. These
vehicles are powered by electricity stored in large batteries and
produce zero emissions at the point of usage. Therefore, these
vehicles could be named as zero emission vehicles. In order to
recapture energy these vehicles also use regenerative braking
system that allows the electric motor to act as a generator.
There are two types of battery electric vehicles as shown figure
2. The key difference of between these types is the size of the
electric motor and the motor position. Currently, more
common type is the central motor. The hub motor type is more
suitable for smaller vehicles [10-12].

BEV — Central motor

BEV - Hub motors

Hub motor

Figure 2: Types of the battery electric vehicles [11]
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Battery electric vehicles have some advantages and
disadvantages [4, 13]. The advantages are;
v' The batteries are charged from the main supply and
the recovery of energy during the braking.
v' They operate silently because of the only electric
motor.
v' The fuel and maintenance costs are much
compared to conventional vehicles.
v' Brake life is longer due to regenerative braking
system.
v Charging is possible at home, office etc.
v Zero emissions at point of usage.
The disadvantages include;
v High cost of production and therefore the sales price.
v’ Poor service stations and a small number of trained
technical staff.
v" Low performance due to the heavy battery.
v Long charging time.
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PLUG-IN HYBRID ELECTRIC VEHICLES (PHEVS)

Plug-in hybrid electric vehicles are powered by two
sources. It has both an internal combustion engine (ICE) and
the electric motor. ICE is used in high-speed driving. The
electric motor is used in acceleration, hill climbing and other
high power demand. The batteries are charged from the
electricity grid. Plug-in hybrid electric vehicles have two main
design configurations, including series hybrid and parallel
hybrid as shown in figure 3 [14, 15].

series hybnd electric vehicle

Batteries
Electric
Generator Engine
Power
Electronics
parallel hybrid electric vehicle
Transmission =€  Electiic Engine
Moctor
|
: Power
Batteries Electronics

Figure 3: Types of the plug-in hybrid electric vehicles [14]
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The vehicles generally have various equipments such as
converters (inverters), the battery group, supercapacitors, ICE,
electrical machinery (motor / generator), motor drives, battery
charger, power distribution and control unit. In series hybrid
system, the drive power is transferred to the wheels, which is
provided by the electric motor. The electric motor converts
electrical power into mechanical power. The electrical power
required for the electric motor is supplied from the electric
drive system. In parallel hybrid system the electric motor is
propelled both the ICE and the electric drive system [16, 17].

Plug-in hybrid electric vehicles have some advantages and
disadvantages [18, 19]. The advantages are;

Acceleration support with electric motor

An increase in the ability to go uphill

Quiet driving

Comfort and sufficient electrical power for luxury
vehicles

v" Atax advantage in some countries

v" Expansion of vehicle stability and control space
The disadvantages include;

Due to the battery technology yet to be developed low
useful battery cycle life

v" The useful volume depletion, the increase in the

vehicle mass

v" An increase in the vehicle complexity

v Cost increases

AN

COMPARISONS

Many predictions about the future location of the electric
vehicle are made. In 2020, worldwide sales of passenger
vehicle will reach 70.9 million and its 3.88 million (5.5%) will
be hybrid vehicles and its 1.31 million (1.8%) will be battery
electric vehicles [20]. According to the International Energy
Agency (IEA) report, the battery electric and plug-in hybrid
electric vehicles will increase in the coming years. As shown in
figure 4, the gasoline and diesel-fueled vehicles will be
withdrawn from the market by 2050 [21].

Sales Ratio
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Figure 4: The vehicles to be sold to the on world [21]
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Battery electric vehicles and plug-in hybrid electric
vehicles are eco-friendly vehicles, as in figure 5 and figure 6.
Governments used various methods about the spread of eco-
friendly vehicles in the world. These are increasing the tax on
conventional vehicles, incentives to eco-friendly vehicles and
reducing taxes on eco-friendly vehicles [13, 22].
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Figure 5: The greenhouse gas life-cycle results for each of the vehicle
technologies [22]

12

1 ¥ Conventional Car

08 W Battery Electric Car
Plug-in Hybrid
é 06 B ; y
W Electric Car
W Hybrid Electric Car

: |.I|.|||l|-.

0

Nitrogen  Sulphur  Carbon
Oxides (Nox) Dioxide (S02) Monoxide
Emissions  Emissions (C0)  Compound Emissions
Emissions  Emissions
Figure 6: Life cycle air emissions for internal combustion, battery
electric, plug-in hybrid electric and hybrid electric vehicles [22]
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Turkey has provided tax incentives to purchase electric
vehicles. Ministry of Finance Revenue Administration has
decided to apply 3% excise tax for the engine power up to 85
kW for electric cars, 7% for the engine power between 85-120
kW and 15% for the engine power exceeds 120 kilowatts [23].
Recently, by date of 05.10.2016 in the official newspaper,
Turkey has announced 45% discount excise tax for the
electrical motor power between 50-100 kW and 55% discount
excise tax for the electrical motor power 100 kW and up for
the electric vehicles [24].
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CONCLUSION

The problems of the electric vehicle technology, such as range,
infrastructure and high production costs are overcome rapidly.
Large number of small and lightweight battery electric vehicles
will stand out in the city center. For the long range and large
vehicles plug-in hybrid electric vehicles will have the priority.

In the next years, for charging plug-in hybrid and battery

electric vehicles investment, the research and development
activities on the electric grid will be widespread. Smart grid
applications for these vehicles will grow and it will increase
the needs of software and hardware for the battery, charge and
the plug-in technology.
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