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Abstract 

This text focuses test procedures and measurements carried out with a battery electric vehicle. In fact, it is 

part of a pioneering research in Brazil whose the main objective was to elaborate a battery recharge test 

methodology for performance evaluation of EVS.  It is considered an important step for future electric 

vehicle utilization in the scope of concessionaires transport activities as well of their customers. During the 

research it was verified that the proposed test procedures and the specified instruments are adequate.  
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1 Introduction 
The transport based solely on conventional Otto 

and Diesel cycles, even with renewable fuels, is 

gradually ceasing to be the most appropriate for a 

better efficiency and less environmental impacts. 

Electric vehicles could contribute to a more 

sustainable scenario in Brazil, since its energy 

matrix is suited to this technology by huge 

presence of hydroelectric generation [1,2]. Those 

considerations contributed towards the creation 

of the Brazilian Electric Vehicle Association – 

ABVE in August 2006. It is important to 

highlight the growing concern worldwide with 

atmospheric emissions caused by transport 

activities that are mostly powered by fossil fuels. 

The damage from air pollution and imbalances 

produced by the so-called greenhouse gases, 

which have inter-linkages with climate change 

explain this situation considered by several 

scientific institutions. In that sense there was a 

change of paradigm with regard to vehicular 

propulsion systems. The gradual penetration of 

electric vehicles is a consequence that needs 

research and studies, especially on electric 

energy supply. It is important to mention recent 

projects of massive introduction of electric 

vehicles are underway because the risks of 

investments in this area are better understood. This 

scenario provides initiatives from the electric 

power companies with regard to social and 

environmental responsibility, through the use and 

promotion of clean transportation. In the economic 

aspect, it is possible to predict reductions in 

operating expenses of their fleets, highlighting that 

the cost of recharging of electric vehicles in this 

case is attractive. In addition, the development of 

new business for this emerging market segment 

will result in additional revenues, due to recharge 

the batteries. This also applies to hybrid electric 

vehicles that could charge their batteries in the 

power grid, the so-called "plug-in hybrid electric 

vehicles”.  

These arguments stimulated Ampla Energy 

Services Inc. to establish in September, 2006 a 

partnership with Rio de Janeiro State University – 

UERJ through its Electric Vehicles Studies Group 

– GRUVE to conduct a research project. This 

project was the first about road electric vehicles 

approved on the research & development program 

supervised by Electric Energy National Agency – 

ANEEL. Ampla supplies energy to 66 

municipalities in the state of Rio de Janeiro, 
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covering 73% of its territory with an area of 

31,784 km
2
 serving to 2.2 million customers. 

The project goal was to develop a testing 

methodology for assessing the performance of 

battery electric vehicles in order to meet the 

conditions for their use both within the 

companies transport services and by their clients 

who will become users of these automobiles. 

Important activities were developed during the 

research:  

- Implementation of the Vehicular Propulsion 

Systems and Electrochemical Sources Laboratory 

at UERJ as showed in Figure 1. 

-  Purchase of an electric vehicle to check the 

feasibility of carrying out the tests with the 

specified instruments.  

- Test Execution and technical reports 

preparation. 

 

 

Figure1: Vehicular Propulsion Systems and 

Electrochemical Sources Laboratory at UERJ 

The research has established procedures to 

characterize energetic, environmental and 

economic parameters in order to demonstrate the 

benefits of adoption of this technology by the 

company.  

Additional studies were carried out for the 

identification of cultural, technological and 

institutional barriers in order to develop the 

electric vehicle technology in Brazil.  

The high taxes burden on the production, selling 

and licensing of electric vehicles is the most 

serious obstacles identified. As a matter of fact 

they are more expensive in comparison with the 

taxes for internal combustion vehicles.  

Of course it constitutes a contradiction that has 

started to be modified recently by the Brazilian 

Congress because the automotive law is outdated 

and do not consider the benefits of electric 

vehicles utilization.   

2 Vehicle description and test 
instrumentation 

It was utilized an electric “Palio Week End” 

provided through the agreement signed between 

Itaipu Binational (Brazilian and Paraguayan 

electric generation company) and Fiat, as well 

KWO and MES-DEA, both in Switzerland. Figure 

2 below shows the electric vehicle in a recharge 

station at Ampla headquarter in the city of Niterói.  

 

 

Figure 2: Recharging station at Ampla Energy Services 

Inc headquarter in the city of Niterói 

The electric vehicle components such as motor, 

inverter, dc-dc converter, battery and its charger 

are manufactured by MES-DEA. The other parts as 

chassis, body and accessories are provided by Fiat.  

This car is equipped with a special three-phase 

asynchronous motor with 15 kW of power rating 

and a nominal torque of 50 Nm. The battery is a 

high temperature sodium-nickel chloride Zebra 

type, 253 V, 76 Ah and 165 kg.  

A committee coordinated by Itaipu Binational that 

participate electrical power companies, researching 

centers, universities and Fiat are making efforts for 

improving the vehicle technical characteristics.  

Forms and tables were developed to register 

traveled distances as well temperature, state of 

charge and voltage of the battery.  

In addition it was designed a bench by 

LSPV/UERJ for connecting the vehicle to the 

power grid as showed in Figure 3. This figure also 

shows the basic instrumentation to study the 

battery recharging process through a MARH–21 

energy analyzer, manufactured by RMS in Brazil. 

With MARH-21 it is possible to record network 

supply voltage, current, active, reactive and 

apparent power, harmonic components and total 

harmonic distortion of voltage and current, power 

factor and energy consumption. These data can be 

stored and observed by a computer graphic 

interface during the test. 



EVS24 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium  3 

  

Figure 3: Instrumentation and connections bench for 

analyzing battery recharge process at LSPV/UERJ 

3 Methodology and application 
of the tests 

The methodology for assessing the performance 

of electric vehicles has considered two 

conditions: the battery discharging process, when 

the vehicle is in motion followed by a recharging 

process when it is parked. It was observed in the 

first condition the behavior of acceleration, 

braking, drivability and autonomy. The routes 

were established taking into account slopes, load 

to be carried, distance and state of charge. It is 

important to mention that the battery recharge 

tests offers a valuable set of results as the electric 

energy consumption, power factor, harmonic 

behavior of voltage and current as well the 

refueling cost. Additionally, it was possible to 

estimate emissions avoided and the fuel saved in 

comparison to a similar internal combustion 

vehicle.  

 
Table 1 – Results from Short Distance Tests 

Weight  
 (kg) 

Recharge 
time 
∆t 

(minutes) 

Distance 
∆km 
(km) 

  
∆SOC 
(%) 

169,50 237 20,0  23,9 

224,05 281 23,7  28,2 

153,55 38 2,1  3,5 

153,55 54 4,1  5,7 

153,55 72 5,9  8,9 

236,00 18 3,0  1,5 

236,00 50 4,0  5,7 

236,00 74 6,0 9,1 

155,05 57 4,0  6,8 

 

Some results from short distance routes with 

huge slopes are shown in Table 1 whose last 

column indicates the battery state of charge 

variation [3, 4]. With these tests it is possible to 

apply a linear regression model for these variables 

in order to know for example the relationship 

between the state of charge reduction and distance 

as it is showed in Figure 4. 
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Figure 4: State of charge versus trip distance 

 

Equation 1 below which corresponds the graph in 

Figure 4 reveals that for each kilometer there is 

1,15% state of charge reduction. It also shows the 

great influence of the huge slopes in those routes 

because the estimated autonomy of this vehicle for 

more favorable conditions is about 110 km.  

 

kmSOC ∆=∆ 1538,1                                       (1) 

 

In Figure 5 it is possible to observe the network 

supply voltage and charge current behaviors 

recorded in May 16, 2008 with RMS energy 

analyzer at LSPV/UERJ in accordance with the 

third line of Table 1. The current is almost constant 

at the beginning of recharge process and after 

decreases. The opposite has occurred with voltage. 

 

 

 
 

Figure 5: Voltage and current behaviors during the 

vehicle recharging 

 

Instantaneously samples of voltage and current of 

this test are presented in Figures 6 and 7. The bar 

graphs illustrate the harmonic components 

percentage that can inform if the energy quality 

and the recharging rectifier are in accordance with 

existing standards. 
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Figure 6 - Sample of battery recharging grid voltage 

and corresponding harmonic components 

 

   

 
 

Figure 7 - Sample of battery recharging grid current 

and corresponding harmonic components 
 

A more complete behavior of the harmonic 
components is given by THD (total harmonic 

distortion) calculations [5]. They are presented in 
the graph of Figure 8 for voltage and current that 

is represented by the top curve.  

 

 
 

Figure 8 – THD of voltage and current supply 
 

In Table 2 are indicated the registered maximum 
and minimum values of total harmonic distortion 

of voltage and current in the test of Figure 8. 

These values are expressed as percentages of the 
fundamental components of voltage and current. 

Tables 2 and 3 furnish the values of the main 
harmonic components of voltage and current.  

Table 2 - Voltage Main Harmonic Components Values 

(% of V1) 

2
nd

 3
rd

 5
th
 7th 9

th
 11

th
 13

th
 

0,28 2,99 1,94 0,94 0,38 0,63 0,18 

 
Table 3 - Current Main Harmonic Components Values 

(% of I1) 

2
nd

 3
rd

 5
th
 7th 9

th
 11

th
 13

th
 

0,23 20,84 8,12 1,91 1,57 1,65 0,93 

 

The energy consumption during this recharging 

process was 0,908 kWh and 0,143 kVArh. This 
methodology previews other data to be registered 

as the state of charge evolution, battery and 

ambient temperature as well the recharging DC 
current and voltage.  

4 Conclusions   
 

The proposed methodology presents adequate 
measurements procedures and instrumentation for 

evaluating battery EV performance. 
It is possible to predict in a medium term after a 

more dense penetration of electric vehicles in 

Brazilian market an improvement for their load 
factors since much of the battery recharge process 

occurs at night. Revenues are expected in 

consequence of increasing in energy sales. In 
addition operating costs can be decreased in 

transportation services with the utilization of 
electric vehicles fleets, especially if the battery 

recharge is done in these companies with their own 

electric energy. 
This study has demonstrated the possibility of 

using electric vehicles by Brazilian power 
concessionaires as well by their customers for 

transportation of cargo and people principally in 

urban areas. It is necessary more researches for 
increasing the autonomy and diminishing the 

recharging time.  

There is an urgent need for public policies in 
Brazil because the high taxes imposed to the EVS 

production and commercialization act as a barrier 
for a better technological development. 

Acknowledgments 
 

This work would not be possible without the 
fruitful partnership of Ampla Energy and Services, 

Inc. and a valuable support from the Engineering 

Faculty Board of UERJ. Both did not hesitate to 
fulfill this electric vehicle research needs and 

provided resources for establishing the Vehicular 
Propulsion Systems and Electrochemical Sources 



EVS24 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium  5 

Laboratory. The success achieved in the research 
project is in great part because the work and 

dedication of Electric Vehicle Studies Group 

team as well the direct and indirect contributions 
from several organizations, specially Electric 

Energy National Agency - ANEEL, Itaipu 
Binational, Electric Vehicle Brazilian 

Association – ABVE, Social Communication 

Board of UERJ – COMUNS, Renewable Energy 
Studies and Researches Center – CEPER/UERJ, 

Mechanical Engineering Department – UERJ and 

National Institute of Energetic Efficiency – 
INEE. 

References 
[1] Luiz A. Pecorelli Peres, Electric Vehicles: 

Environmental and Energetic Benefits, CD, 

Rio de Janeiro: Culture and Research 

Association Noel Rosa, 2003. ISBN: 85-

89640-019 (in Portuguese).  

[2] Luiz A. Pecorelli Peres, Dissemination of 

Electric Vehicle Technology through an 

Educational CD. Evaluation and Recent 

Experience in Brazil, 2004 European Ele-

Drive Transportation Conference & 

Exhibition, Estoril Congress Center, Lisboa, 

Portugal,  March 17 to 20, 2004.  

[3] José F.M. Pessanha, Luiz. A. Pecorelli 

Peres, Acacio Barreto Neto, Maria B.A 

Medeiros, David Targueta da Silva et Felipe 

M. S. de Abreu, Studies for the 

Establishment of Methodology for Analysis 

and Evaluation of Performance of Electric 

Vehicles. Research and Development 

Magazine of ANEEL, number 3, 2009 (to 

be published in Portuguese).    

[4] GRUVE/UERJ - Electric Vehicles Studies 

Group staff coordinated by Luiz A. 

Pecorelli Peres. Technical Reports from the 

research and development project ANEEL 

0383-002/2006 for Ampla Energy and 

Services, Inc. approved by the Electric 

Energy National Agency (ANEEL). 
 

[5] IEEE - Recommended Practices and 

Requirements for Harmonic Control in 

Electrical power Systems - Transmission 

and Distribution Committee of the IEEE 

Power Engineering Society, USA; April 

1993, E-ISBN: 0-7381-0915-0. 

Authors 
Luiz Artur Pecorelli Peres received his electrical 

engineering diploma in 1970 from Rio de Janeiro 

Federal University – UFRJ. His M.S. and Ph.D. 

degrees received from Itajubá Federal University – 

UNIFEI in 1977 and 2000, respectively. He had been 

working almost 30 years in power systems planning and 

operation with Eletrobrás and Furnas Power Company, 

Brazil. He is Professor of the Electrical Engineering 

Department and Mechanical Engineering Pos 

Graduation Course as well coordinates the Electric 

Vehicles Studies Group and the Vehicular Propulsion 

Systems and Electrochemical Sources Laboratory in Rio 

de Janeiro State University – UERJ.  

 

José Francisco M. Pessanha received the B.Sc in 

Statistics in 1992 from National School of Statistical 

Science, the B.Sc in electrical engineering, 1994, from 

UERJ and also the M.Sc. degree, 1999, from Federal 

University of Rio de Janeiro and the D.Sc. degree, 2006, 

from Pontifical Catholic University of Rio de Janeiro, 

both in electrical engineering. Currently, he is Professor 

of Statistics Department at UERJ.  

 
Marcus Lellis P. Peçanha received his electrical 

engineering diploma in 1979 from Fluminense Federal 

University - UFF. He had been working for 22 years in 

power systems studies and planning department with 

Light - Electricity Services Inc. in Rio de Janeiro, 

Brazil. He was in charge of power quality laboratory 

implementation for this company. Currently he is a 

Consulting Engineer with electrics utilities and 

industrial plants as well universities in R&D projects. 

 
Acacio Barreto Neto received his electrical engineering 

diploma in 1980 from Catholic University of Petropolis 

– UCP and his M.S degree from Fluminense Federal 

University – UFF in 2007. He had been working almost 

30 years on operation and maintenance of electric power 

distribution systems and currently he is a R&D project 

specialist with Ampla Energy and Services, Inc.  

 
David Targueta da Silva has a MS. degree in 

Electronic Engineering from State University of Rio de 

Janeiro – UERJ (2008). He is specialized in Corporate 

Finance from Rural Federal University of Rio de Janeiro 

– UFRRJ, 2001, Economic and Management Industrial 

Engineering from Federal University of Rio de Janeiro – 

UFRJ, 1995, Systems Analysis from Pontifical Catholic 

University of Rio de Janeiro - PUC-Rio, 1987. He is 

graduated in Electrical Engineering from Fluminense 

Federal University – UFF, 1976. Currently he works in 

R&D with Ampla Energy and Services, Inc. 

 

Maria Beatriz M. P. Medeiros  has been working 

in R&D projects since 2004. She is an electrical 

engineer and has a M.S. in Power System from 
Pontifical Catholic University of Rio de Janeiro - 

PUC-Rio. In 1997 she started working for Ampla 
Energy and Services, Inc. From 1997 tol 2004 she 

had been working in the Electrical Studies 

Department in distribution systems planning. 
Currently she is working toward her PhD in 

Electrical Engineering. 


