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Abstract— a battery electric vehicle (BEV) is a widely used 

type of electric vehicle (EV) that uses chemical energy stored 

in rechargeable battery packs. BEVs are becoming more 

attractive with the advancement of new battery technology 

that has higher power and energy density and allowing 

matching the requested autonomy and vehicle dynamics. 

However, EVs are still not competitive with conventional 

vehicles, in terms of limitation on the driving range caused by 

current power battery technology. Therefore, energy 

efficiency is one of the most important factors for battery 

electric vehicles (BEVs) because they are highly dependent on 

the aforementioned limitations. Hence, low-speed BEVs, 

which are for urban transportation, can be considered a 

promising solution. Electric vehicles (EVs) and their 

application raise new questions and demands. Accordingly, 

the charging process of electric vehicles is a novelty in 

everyday life when using such vehicles. 
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I. INTRODUCTION 

BEVs use electric motors instead of internal combustion 

engines (ICEs) for propulsion. At the contrary of the ICE, the 

electric engines allow recovering energy generated from 

braking. This means that the wasted heat (in braking phases) 

is, for a great part, transformed into electricity. This 

advantage makes the EV suitable for urban use where lots of 

braking phases are done. One of the main problems of electric 

cars, despite the cost aspect which is clearly an economical 

problem and not a scientific one, is the question on how it can 

be re-filled. Instead of recharging cars for hours, the batteries 

could simply be changed. It would practically take the same 

duration to change a battery to that of re-fuelling an ICE 

Additionally, EVs can be split into three basic categories, 

namely: 1) Battery Electric Vehicles (BEVs): These vehicles 

are pure electric having only electrical motors and batteries 

for energy supply 2) Hybrid Electric Vehicles (HEVs): In this 

type of vehicles, the motion is given by a combination of two 

types of motors, an electrical and an internal combustion one. 

3) Fuel-Cell Vehicles (FCVs): These vehicles have fuel cells 

in order to provide electric power to the motor. 

II. BATTERY ELECTRICAL VEHICLE RECHARGING 

TOPOLOGIES 

Most of BEVs need to incorporate on board charger allowing 

the recharging of the battery anywhere there is an electric 

outlet. However, on board chargers are limited in power 

output because of size and weight restrictions dictated by 

vehicle design. Off board charges are limited in power output 

only by the ability of the batteries to accept the charge. While 

a high-power off board charger needs less time to recharge 

batteries, the flexibility to charge at different locations is 

restricted. An example of an off board BEV charger where 

the battery can easily change in a couple of minutes by a 

recharged one. Another possibility is to use an AC/DC 

charger allowing recharging the BEV during few hours. Note 

that in all BEVs a hybridization of the battery with the super 

capacitor (SC) allows to dissociate the energy sizing from the 

power sizing allowing reducing the battery volume, weight 

and cost. In addition, SCs are suitable for recovering energy 

during braking phases due to the high SC number of cycle 

and the fast recharging SC dynamics.  The energy flow of the 

on board charger for BEV from the grid to vehicle or from the 

vehicle to grid. A common household circuit, rated to 240 

volts AC and 15 amperes can be considered. These chargers 

use the standard three-prong household connection, and they 

are usually considered as portable equipment’s. This charger 

converts the alternating current distributed by electric utilities 

into the direct current needed to recharge the battery.  

III. LITERATURE REVIEW 

P. Dost, P. Spichartz and C. Sourkounis[1], performed study 

which deals with One of the major objectives of the project 

was to compare two of the main technologies to solve the 

range problems of EVs, the dc fast-charging option for pure 

Battery Electric Vehicles (BEVs) and the range extender with 

combustion engine for Extended Range Electric Vehicles 

(EREVs). These vehicle technologies are compared in a field 

test and evaluated with regard to the main criteria, consumer 

acceptance and energy consumption. According to this one 

result is the users’ charging behavior [6] which will be 

presented in this paper. B. Boundary conditions of the field 

test The test fleet consists of nine EREVs (Opel Ampera) and 

ten BEVs with dc fast-charging capability (up to 50 kW, 

Mitsubishi i-MiEV, Peugeot ion) (see Figure 1), on which the 

analysis is focused. Additionally, there are five BEVs with 

standard charging (2.2 – 11 kW AC, German E-Cars Strom's, 

Think City, Fiat 500 EV). All vehicles are equipped with 

measuring equipment. 

 
Fig. 1: Vehicles 

IV. MEASUREMENT CONCEPT 

All EVs are equipped with data loggers and measuring 

devices, measuring operating values of the following groups: 

 GPS position, date and time 

 Battery status 

 Energy flow in the drive train and fuel consumption 

 Charging energy flow and type 
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 Consumption of air conditioning and heating 

 Consumption of auxiliary devices (12 V) 

 Ambient conditions 

All measurements are logged with either 10 Hz or 

62.5 Hz, Allowing detailed analysis of all drive and charging 

stages. 

One part of the measured data is the GPS details that 

allow precise time and date analysis as well as the analysis of 

the positioning with regard to vehicle velocity and altitude. In 

conjunction with battery details it allows connection between 

the profile or type of trip and the energy consumption. This is 

also supported by measurements regarding energy flows in 

the drive train. During recharge the type of charging is 

detected as well as the current charge status and its power. 

Consequently, al electric details within the EVs are recorded 

and duplicable. 

V. EXPERIMENTAL VALIDATION 

Adamantios Bampoulas Andreas Giannakis Sofia Tsaklidou 

Athanasios Karlis [2], performed study which deals with In 

order to verify the accuracy of the above simulation model 

with the real BEY, a data acquisition device was constructed 

in the laboratory. The constructed data acquisition system 

consists of: 

 Two voltage and two current sensors with accuracy of 

0.8% based on nominal values of both battery system and 

motor 

 Four measuring resistors in order to achieve adjustment 

with the measured quantities 

 A DCIDC buck converter to supply the measurement 

 An analog to digital converter 

Measurement data were received and processed 

through LabVIEW software. Moreover, the implementation 

and the construction of the photosensitive board was designed 

using DIPTRACE software. 

VI. SIMULATION RESULTS AND DISCUSSION 

In order to examine the EV's performance of the proposed 

simulation model, a speed profile named New York City 

Cycle (NYCC) Driving Schedule was adopted. This profile is 

a standard one simulating low speed urban driving with 

frequent stops. More specifically, it has a maximum speed of 

45km/h and covers a distance of 1. 9km in 598sec. This is a 

demanding speed profile in terms of battery utilization. 

M. Becherif, IEEE Member, M.Y. Ayad, IEEE 

Member, D. Hissel, IEEE Senior member and R. MKahl [3], 

An EV is a vehicle propelled by electricity, unlike the 

conventional vehicles on road today which are major 

consumers of fossil fuels like gasoline. This electricity can be 

either produced outside the vehicle and stored in a battery or 

produced on board with the help of Fuel Cells (FC’s). The 

development of EV’s started as early as 1834 when the first 

battery powered EV (tricycle) was built by Thomas 

Davenport which appears to be appalling, as it even precedes 

the invention of the ICE based on gasoline or diesel which is 

prevalent today. The development of EV’s was discontinued 

as they were not very convenient and efficient to use as they 

were very heavy and took a long time to recharge. Moreover, 

from the end of the year 1910, they also became more 

expensive than ICE vehicles. This led to the development of 

gasoline based vehicles. However, humanity is today faced to 

a depletion of fossil fuel and a major concern over the green 

house gases is their combustion releases into the atmosphere 

causing long term global crisis like climatic changes and 

global warming. These concerns are shifting the focus back 

to development of automotive vehicles which use alternative 

fuels for operations. The development of such vehicles has 

become imperative not only for the scientists but also for the 

governments around the globe as can be substantiated by the 

Kyoto Protocol which has a total of 183 countries  ratifying it 

(As on January 2009). The BEV has been since few years a 

very attractive research area both by car manufacturers and 

scientific researchers. In authors present an ultra-battery used 

for EV applications. In an accurate battery model for EV 

allowing the prediction runtime and I-V performance is 

presented. The hybridization of battery with other storage 

devices is considered in the literature as with super capacitors 

and fuel cells. Authors are interested by the study of the EV 

converters. In the advantage of using a variable DC bus 

voltage is discussed and the benefits of connecting the 

batteries to the vehicle DC bus through a DC-DC current 

bidirectional converter rather than a direct connexion is 

showed. 

VII. BATTERIES TECHNOLOGIES 

A battery is a device which converts chemical energy directly 

into electricity. It is an electrochemical galvanic cell or a 

combination of such cells which is capable of storing 

chemical energy. The first battery was invented by 

Alessandro Volta in the form of a voltaic pile in the 

1800’s.Batteries can be classified as primary batteries, which 

incused, cannot be recharged again, and secondary batteries, 

which can be subjected to repeated use as they are capable of 

recharging by providing external electric current. 

VIII. MARKET OVERVIEW 

Paul Wolfram and Nic Lutsey [4], performed study on costs 

and carbon emissions. The first EVs were introduced as early 

as 1838—or 52 years before internal combustion engine 

vehicles (ICEVs) entered the market. Despite recent growing 

interest, EVs have remained a relatively small market until 

today (IEA, 2015). However, the global share of EVs is 

expected to increase significantly, driven by substantial 

battery technology improvements and a variety of policies 

that are accelerating the development of the electric vehicle 

market. Overall, the market has grown from just hundreds of 

EV sales in 2010 to more than 500,000 sales worldwide in 

2015 (EV Sales, 2016). The early development of markets for 

electric vehicles is seen predominantly in parts of China, 

Europe, and the United States, where electric vehicle support 

policies are helping promote the technology, while costs are 

still relatively high compared with conventional vehicles. 

Table 1 shows the global and regional estimated stock of 

BEV and PHEV passenger cars as of 2015, and electric 

vehicle supply equipment (EVSE) as of 2014. EVSE includes 

semipublic or public charging points or outlets, but not 

private charging points. Most of the electric vehicles on the 

road today are registered in the United States, with about half 

of those in the state of California. The United States also has 

the largest number of electric vehicle charging points. The 

Netherlands is the European country with the highest electric 

vehicle passenger car and charging-plug stock in terms of 
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absolute sales. The following countries have achieved 

relatively high market sales shares of passenger electric 

vehicles, as a percentage of all 2014 passenger vehicle sales: 

Norway (13.7%), the Netherlands (3.9%), and Sweden 

(1.5%) (Mock, 2015), and the United States (1.5%) 

(Lutsey,2015b). Most other major automobile markets have 

EV sales shares at or below 1%. 

IX. CURRENT ENERGY USE AND EMISSIONS 

Energy consumption of vehicles is typically measured on 

drive cycles. Accordingly, the BEV Nissan Leaf has a 

consumption of 15 kWh per 100 km on the NEDC. With 14.6 

kWh per 100 km, the Renault Zoe has a comparable 

consumption. The PHEV Opel Ampera consumes 16.9 kWh 

per 100 km in electric mode, and 1.2 L of gasoline per 100 

km in combustion mode. Real-world or on-road fuel 

efficiencies are usually considerably lower than driving-cycle 

efficiencies (Tietge, Zacharof, Mock, Franco, German, 

Bandivadekar, Ligterink & Lambrecht, 2015). More 

comprehensive figures for the energy requirements and 

emissions of electric and conventional vehicles may be 

achieved using well-to-wheel (WTW) analysis. WTW 

analysis is a technique to account for all direct and indirect 

emissions and energy requirements during the whole life 

cycle of a fuel. WTW analyses are usually composed of a 

well-to-tank (WTT) and a tank-to-wheel (TTW) fraction. 

WTT includes fuel and electricity production, and TTW 

includes vehicle operation. Vehicle production and recycling 

is usually not included. Even though WTT analyses capture 

direct and indirect emissions and energy requirements of 

different fuels, results can vary widely, because the ISO 

14040 and 14044 life-cycle assessment standards only 

provide general accounting guidelines. Also, different studies 

may use different assumptions on vehicle lifetime, battery 

size, distance traveled over the lifetime, the GHG intensity of 

the electricity mix, and the usage of different models and 

methods. In addition, WTW studies tend to omit the 

mentioned real-world fuel efficiencies. 

X. COST REDUCTIONS 

A. Battery Packs 

Given the high share of battery costs in total EV costs, it is 

likely that the success of BEVs, PHEVs, and HEVs will be 

mainly driven by developments in battery costs. The costs 

associated with Li-ion batteries are expected to drop 

dramatically (see Figure 5) due to advancements in battery 

designs and production techniques. This also includes the 

replacement of high-cost materials and economies of scale, 

improvements to the cell and electrode structure design, and 

high-volume production processes with reduced wastage. 

Electric batteries are composed of several electrochemical 

cells. Cell costs are expected to fall at a slightly slower rate 

than battery packs because volume-independent costs make 

up about 30% of cell costs, but only 25% of battery pack 

costs. Volume-independent costs are the costs of raw 

materials, standardized parts, labor, and general machinery, 

and they are assumed to remain relatively constant until 2020 

(BCG, 2010). 

XI. CONCLUSION 

In this paper, a novel modeling approach was presented since 

the existing EV's simulation software do not meet the design 

requirements of the specific low speed BEV Finally, an 

innovative optimization strategy was proposed through a 

comparative study between four battery types, showing that: 

 The Li-Ion type achieved the best performance for the 

specific low-speed BEY in terms of the reduction rate of 

the SoC, the cost and the life cycle. 

 The existing battery (Lead-Acid) proved the worst 

selection in terms of the parameters considered.  
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