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Abstract 

Electric vehicles have a significantly shorter range compared to the conventional vehicles with the internal combustion engine. 
Hence, it is important to inform the driver of an electric vehicle as accurately as possible about the actual range and how to reduce 
energy consumption and thus improve range. The paper presents proposed electric vehicle energy usage assist for increasing vehicle 
range, system implementation and measured data for energy usage assist function. The developed energy assist encourages the 
driver to modify his driving style in order to be on the powertrain greatest efficiency area. The system informs the driver about the 
limitations for example caused by weather conditions or low battery state of charge. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of TRANSCOM 2017: International scientific conference on 
sustainable, modern and safe transport. 
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1. Introduction 

Range of electric vehicles has long been considered a major barrier in acceptance of electric mobility due to electric 
vehicles having a significantly shorter range than conventional vehicles [1] [2]. The range of electric vehicles 
influences not only the design of the vehicle but also driving style and operational factors. The main design factor is 
battery capacity. On the other hand battery size influence vehicle curb weight and price [3]. Right size of battery pack 
can also extend range [4]. If electric vehicle is using for example to commute to work and daily route not exceed 50 
km it is wasteful using electric vehicle for example with 24kWh battery pack because for 50km distance can be used 
electric vehicle with half battery capacity. The electric vehicle is then lighter and has lower electric energy 
consumption. Nowadays modular design is becoming new trend. The modular design allows the customer to choose 
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the appropriate size of the battery pack. Climatic conditions has significant impact to the electric vehicle range [5]. 
The range is decreasing with extremely low or high temperatures. This problem is manufacturers trying reduce by 
using various cooling or heating systems for battery packs [6]. Manufactures of electric vehicles sometimes use an 
electric pre-heat function to warm up the battery during charging. Technical condition of the vehicle is also important 
especially accurate tire pressure. The range affects also using of comfort features such an air condition or heating.  

The driving style has significant influence to the electric vehicle range [7]. Although electric vehicle and vehicle 
with internal combustion engine may appear to be identical, drivers must adjust their driving habits to fit the different 
mode of driving required by the electric vehicle. It is beneficial using coasting or recuperation of kinetic energy during 
braking. 

One of the possibilities of how to influence the driving style is a system which gives driver the information on how 
to behave in order to reduce energy consumption and extend range. Such a system is currently developing at the 
University of Zilina. The modern electric vehicles has only systems that evaluate driving style. The proposed system 
will be inform driver how to change driving style immediately. 

2. Energy Usage Assist in EV EDISON 

The role of the intelligent Energy Usage Assist is audiovisual communication with the driver in order to optimize 
the driving style and minimize energy consumption. The proposed Energy Usage Assist system will be applied into 
the experimental electric vehicle EDISON (Fig. 1). The Energy usage assist will be alone system which will be receive 
data from the vehicle control unit and the battery management system. Integrated GPS receiver will be used for 
detecting speed limits. Based on powertrain measured efficiency maps system will be inform driver through display 
how to behave. 

 

Fig. 1. EV Edison. 

The Edison is experimental electric vehicle build at University of Zilina. The curb weight of the experimental 
vehicle including the battery is 1048 kg. Propulsion provides a compact lightweight all-aluminum, air-cooled 
asynchronous electric motor AKOE with a nominal output of 16kW and maximum power of 30kW, with motor 
controller CURTIS and traction LiFeYPO4 24kWh battery pack with the battery management system and onboard 
charger 110-240V / 16A. The main part of the vehicle is a tubular steel space frame. EV Edison enables data logging 
of a wide range of data such as speed, acceleration, temperatures, state of charge and information from battery 
management system. 

In the first phase of the development the system will inform the driver if he is currently in the most efficient mode 
during acceleration – Highest Efficiency Mode. If we assume that the driver needs to accelerate from an intersection 
in the city. System will use GPS position to evaluate the end speed during acceleration to 50 km/h. Based on powertrain 
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efficiency map the system will inform driver by graphic indication on the dashboard which smooth acceleration mode 
he should choose (quick or slow Fig. 2). This will help the driver to achieve the optimal mode.  

Fig. 2 Dashboard information during acceleration. 

3. Measured data forenergy usage assist 

Energy usage assist system must know where the best efficiency regime for powertrain is. Therefore it is necessary 
to obtain the data which will be programmed into the energy usage assist. The energy usage assist will be inform 
driver based on the acquired data and real time data such as speed, battery current. The real time data will system 
acquired from controller and battery management system.   

Measurements of necessary data were performed on the roller dynamometer MAHA MSR 1050. The dynamometer 
is suited for testing electric and hybrid vehicles. Fig. 3 shows measured performance curves of electric vehicle Edison.  

Fig. 3 EV Edison measured performance diagram. 

Fig. 4 shows the efficiency map of experimental vehicle Edison depending on the vehicle speed and load. It is the 
overall efficiency of powertrain, which takes into account the efficiency of the electric and mechanical losses. The 
EV Edison powertrain has best efficiency under load. The acceleration analysis and special diving cycles were created 
based on efficiency map on the MAHA MSR 1050 roller dynamometer which enables driving simulation. To be able 
to perform the driving simulation it is necessary to obtain vehicle parameters such as aerodynamic drag coefficient 
and rolling resistance. These parameters were obtained based on the freewheel test made on the EV Edison. 
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Fig. 4 EV Edison overall efficiency map. 

It was created analysis of three types of accelerations (Fig. 5) from 0 - 50 km/h. Traveled distance was 200 meters 
at all three accelerations. Duration of acceleration1 was 27 seconds, acceleration2 22 s and acceleration3    19 s. Five 
measurements were done for each acceleration test. The average value of electric energy consumption was 0.069 kWh 
for acceleration1, 0.072 kWh for acceleration2 and 0.072 kWh for acceleration3. This measurement demonstrated that 
in the EV Edison case is preferably accelerate aggressively and then use coasting. Although the vehicle needs for 
faster acceleration more energy to overcome drive resistances, the EV EDISON has higher overall powertrain 
efficiency at higher loads. This caused that the EV Edison has almost same energy consumption during slow and fast 
accelerations. It is more effective to use coasting then recuperation during deceleration. The disadvantage of coasting 
is a higher time to slow the vehicle. This disadvantage could be compensated by faster acceleration. It is not influence 
energy consumption due to EV Edison powertrain efficiency. Faster acceleration and then use coasting driving style 
can reduce energy consumption. 

Fig. 5 Accelerations profiles. 

Driving cycles are using for the measurement of CO2 and fuel consumption or the measurement of electric energy 
consumption and electric range in hybrid and electric vehicles. The New European Driving cycle (NEDC) is using in 
Europe. The NEDC cycle consists of urban and extra urban part. The total test time amounts to 1180 s with an average 
speed of 33.6 km/h. The EV Edison was tested only on the urban part due to the maximum speed of EV Edison is 
restricted to 90 km/h and the maximum speed of extra urban part of NEDC cycle is 120 km/h. They were performed 
tests on the EV Edison on the urban part of NEDC cycle on the MAHA MSR 1050 roller dynamometer. The average 
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consumption of EV Edison in urban part of NEDC cycle was 15.2 kWh/100km. In the Fig. 6 is shown the battery 
current during driving on the urban part of NEDC cycle. 

 

 

Fig. 6 Battery current during NEDC cycle. 

4. Conclusion 

As shown by measurements, powertrain has different efficiency for different loads. Therefore further 
measurements will be created to determine the optimal driving patterns. They will be performed accelerations, 
decelerations test and special driving tests. Currently there are performing measurements focused on how the battery 
state of charge influencing electric vehicle range. Another function of the energy usage assist will be assisting the 
driver in case low state of charge. The driver will be informed what driving regime he should choose in order to be 
able using remaining energy optimal. The energy usage assist system will take account climate conditions and inform 
driver about changing range. Results of measurements will be processed and programmed into the proposed system. 

The research results can be further used for autonomous vehicles. The autonomous driving system can be 
configured that vehicle will be worked in the optimal mode for energy consumption. 
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