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Abstract. The paper analyzes the power demand of the auxiliary systems of electric cars. On the basis of 
existing electric cars an analysis of energy consumption of different auxiliary systems is done. As a result 
possibilities for rational use of these systems have been proposed, which can increase the mileage per one 
charge of the battery. 

1 Introduction 
An important characteristic of energy performance of the 
electric car is the distance covered for one charge of the 
battery [1-3]. Usually, in the technical specification of 
electric cars, producers give an operational range which 
is not precisely detailed about the conditions of motion 
(in city or inter-city traffic, air temperature, use of the 
auxiliary systems, etc.). For the owners it is very 
important to know as best as possible the remaining 
travel distance and impact of auxiliary systems on 
energy consumption and distance [4-7]. That knowledge 
will ensure a calm and comfortable trip regardless of the 
limited energy autonomy of electric cars. 

The goal of the paper is to analyze the impact of 
different auxiliary systems of electric cars on the travel 
distance in different running conditions and comfort 
(such as temperature in the car, using lights, audio 
system, etc.).  

2 Exposition 

2.1. Fundamentals of electric car energy 
consumption 

The main purpose of the energy accumulated in the 
battery is to supply the electric motor and to ensure the 
electric car motion in different running conditions. In 
addition, the battery also has to supply the auxiliary 
systems, which guarantee safety (lights, horn, window 
cleaner etc.) and comfort (climate control, media etc.). 
During the trip, the value of the specific energy 
consumption (in Wh/km or kWh/100km) can be 
different. Depending on the skills and needs of the 
driver, energy consumption can be 2 times higher than 
the one indicated in the technical specification of the 
electric car.   

In the general case, the specific energy consumption 
can be determined theoretically by following the 
equation 
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where fo is the rolling resistance coefficient at low speed; 
V – car speed, km/h; G –car weight, kN; kB – coefficient 
of aerodynamic resistance, kNs2/m4; S – the front area of 
the car, m2; ηM – the efficiency  coefficient of 
transmission; ηЕ – the efficiency coefficient of the 
electric motor and power electronics; EAS100 – the 
specific energy consumption of auxiliary systems, 
kWh/100km.  
Coefficient kB is calculated as  

 ,/mskN ,10.5,0 423
xB ck   (2) 

where ρ is air density, kg/m3; cx – drag coefficient. 
The change of the air temperature t from +40 to –20 

°С causes a change in its density from 1,127 to 1,395 
kg/m3 [8] and at high speed it can increase the energy 
consumption by over 10%. The value of the air density 
can be evaluated with good accuracy (deviation of not 
more than 0,5% at low temperature) using the equation 

 .kg/m ,2926,10048,010.2 325   tt  (3) 

Mechanical losses in the transmission vary within 
wide limits and depend on the electric motor load. The 
efficiency coefficient ηM can be evaluated with good 
accuracy using the approach, proposed in [1]. The losses 
in the electric motor and power electronics ηЕ also 
depend on thhe working conditions and load. The 
product of both coefficients varies between 90 – 95%, 
but can decrease by 50% under some running conditions 
[9]. It is necessary to have the characteristics of the 
elements of electric drive, not only at nominal load 
(whose value is given in the technical specifications), but 
also at particular load. Some of the researchers assign 
these two types of losses to the so called drive train 
losses [3]. 
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Auxiliary systems have great impact on energy 
consumption– the second part EAS100 of equation (1). The 
approach for their assessment has to be very accurate, 
especially when the maximal power of these devices is 
in use, to ensure exact determination of travel distance.  

The power supply of auxiliary systems is realized by 
the second (operational) battery at a voltage of 12V. It 
can be recharged from the traction battery through 
DC/DC convertor. The losses during this transformation 
have to be taken into account by introducing a 
coefficient marked as ηDC. Finally, the specific 
consumption of the auxiliary systems can be represented 
as  
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where  ηDC is the efficiency coefficient of the convertor 
between two batteries; ECC – the specific energy 
consumption of climate control system; EL – the  specific 
energy consumption of lights and horn; EWCS – the 
specific energy consumption of windows cleaning 
system; EOS – the specific energy consumption of other 
systems as SRS, ABS, TC ESP, electric windows open 
system etc.  

2.2. Distribution of the total energy 
consumption of the electric car 

An analysis of the distribution of the total energy used 
can be done on the basis of an existing example. Fig. 1 
presents a real picture of the energy consumption of the 
Tesla Roadster electric car with different values of the 
speed. The climate control does not work [3]. 

 

 

Fig. 1. Distribution the total specific energy consumption of 
Tesla Roadster vs car speed 

The ratio between the different parts of the total 
specific energy consumption changes with the increase 
of car speed. At low speed most significant is the part of 
energy consumption for drive train losses and supply of 
the auxiliary systems. Higher energy consumption in 
slow motion is caused by the low values of the efficiency 
coefficients ηM and ηE.  At high speed, the energy spent 
for air resistance becomes the largest. 

The energy spent for rolling resistance is changed 
within short limits, because of the small impact of the 
speed on the coefficient f. 

In fact, in motion the most variable parts of the 
energy can be those spent for air resistance and supply of 
auxiliary systems. The last part depends on the 
atmospheric conditions such as rain, snow, wind etc. 

The curves shown in Fig.1 are well represented by 
the following regression models: 
• total specific energy consumption  
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• specific energy consumption for drive train losses 
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• specific energy consumption for rolling resistance  

 ;278,320297,0  VE  (7) 

•  specific energy consumption for air resistance  

 ;22,860035,0007,010.1 236   VVVE  (8)  

• specific energy consumption for supply of auxiliary 
systems 

 .1,121 794,0 VE  (9) 

2.3. Energy consumption of auxiliary systems  

Approximately, the energy consumption of the auxiliary 
systems presented as a percentage of the energy 
accumulated in the main (traction) battery is shown in 
Table 1 [5, 7]. 

Table 1. Energy consumption of some auxiliary systems 

Auxiliary systems  Part of traction battery energy, % 
Climate control:  
      – cooling; 
      – heating. 

 
Up to 30% 
Up to 35% 

Power steering Up to 5% 
Braking system Up to 5% 
Other (lights, media, 
locks etc.) 

Up to 5% 

The information presented in Table 1 is more general 
and does not include all operational conditions of electric 
cars. This is the reason to make a review of the impact 
different factors on energy consumption of each 
auxiliary system. 

Climate control system 

The normal internal temperature of the air in the 
compartment has to be 20-23 °С. To maintain these 
limits, the energy consumption of climate control 
depends on the temperature difference in and out of the 
car. Table 2 presents an example of the needed power of 
control system at different internal temperatures and 
high external temperature [5].  
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Table 2. Needed power for supply of the climate control 
system as a function of internal temperature in the 

compartment 

External air 
temperature, °С 

Internal 
temperature, °С 

Needed 
power, kW 

43 21 1,5 – 2 
43 25 1 
43 29 0,5 

The maximum value of the power supply of climate 
control can achieve 3 – 5 kW for some models of car. As 
heat device they use an electric heater or a thermo pump.  
In Fig. 2 the impact of power consumption of 2 kW 
(working climate control) on the travel distance is 
illustrated for Tesla Roadster electric car [3].  

   At a speed of 25 km/h, the travel distance per one 
charge of the battery decreases approximately 2 times 
when the climate control of 2 kW works. The curves are 
well represented by the following regression models: 
• travel distance without working climate control 
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Fig 2. Impact of climate control power consumption of 2 kW 
on the distance per one charge of battery for Tesla Roadster 
electric car. 

• travel distance with working climate control of 2 kW 
power  
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There is not much research on the impact of the 
external air temperature on energy consumption. In [10] 
a Canadian company, on the basis of over 7000 travels in 
the whole of North America, has made a generalization 
of the average energy consumption of Nissan Leaf 
electric car (Fig. 3).  

The curve from Fig. 3 is well represented by the 
regression model  
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The same data is shown in Fig.4 as impact on the 
travel distance L [11]. The respective regression model 
is 
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It is obvious that the external air temperature has a 
significant impact on the energy consumption of an 
electric car. The explanation for this is connected with 
the energy for heating or cooling but also with the 
efficiency of the battery at different temperatures. 
Taking into account these two factors, one can see an 
optimal external air temperature at which the energy 
consumption is minimal and travel distance is maximal 
(Fig. 3, 4). This optimal value is approximately 20 °С. 

 

Fig. 3. Impact of the external air temperature on the specific 
energy consumption of  a Nissan Leaf electric car. 

 

Fig. 4. Impact of the external air temperature on the travel 
distance of a Nissan Leaf electric car. 

Light system, light signalization and horn 

The energy consumption of the light system and 
signalization depend on a twenty-four-hour period – if 
the trip is realized in the day or at night. That is 
particularly important for long and short front lights. The 
usage of elements of light system and signalization, 
during 100 km travel, are presented in Table 3. The data 
from different sources [4, 6] was processed and 
summarized.  

The calculations show that the maximal energy 
consumption of a light system using conventional lamps 
in night travel is about 150 Wh/100km. The usage of 
LED-lamps decreases the consumption 2,2 – 3,8 times 
[2, 4, 6, 12, 13]. 

In the specialized literature there is no information 
concerning the time of use and energy consumption of 
the horn. Probably, this is because the value of the 
energy used is insignificant. 
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Table 3. Statistical data for the use of the elements of the light 
system and signalization. 

Elements 
Working 

time, 
min/100 km 

Power 
consumption 
for car with 
conventional 

lamps, W 

Power 
consumption 

for electric car 
with LED-
lamps, W 

Daily lights 116,5 40 8 
Long lights 9,8* 60 34,4 
Short lights 97,6* 55 54 
Left  blinker 5,8 21 6,9 
Right  blinker 4,6 21 6,9 
Stop-lights 18,9 21 5,6 
Stop-lights 
(central 
position) 

18,9 21 3 

Rear-lights 107,4 5 1,7 
Registration 
table lights 107,4 5 0,5 

Reverse motion 
light 0,9 21 5,2 

* -  night time driving only 

Audio system 

Energy consumption depends on the power characteristic 
and the time the system is used. Usually, built-in systems 
have a power supply of about 200 W. The time during 
which the audio system is used varies within wide limits 
and corresponds to the driver and passenger(s) needs. 

The actual energy consumption also depends on the 
sound level. Some authors [9], in simulation models, 
give an average power supply of 20 W for the audio 
system and use a ratio of approximately 75% of travel 
time.  

Windows cleaning system and seat heating 

This system uses electric motors with maximum power 
of 30-50 W. The time of use strongly depends on the 
weather (if there is rainfall or snowfall).  

The average consumption of the seat heating system 
is 30 W and the mean ratio of use – 5% of the time [9]. 

Other systems 

The main systems included in this group are: the system 
of passive and active safety – SRS; Anti-lock Braking 
System – ABS; Traction Control System – TC; Dynamic 
Stability System – ESP; systems for opening and closing 
of door windows and roof. The biggest consumers in this 
group are the systems for active safety, but the value of 
energy depends on driving style.  

Internal losses in traction battery  

Depending on the battery type, during idle time (no 
traction) the additional losses can present for the 
maintenance of the working temperature. For example, 
natrium-nikelhidrid batteries work at a temperature of 
approximately 300 °С and permanent consumption 
power of 60 – 80 W for temperature maintenance. If the 

capacity of the battery is 18 kWh after 10 days of idle 
time it will be fully discharged. 

Internal losses of the Lithium-ion batteries depend on 
the number of the connected cells and Battery 
Management System – BMS. 

Every battery has a limited period of exploitation. To 
extend that period the power electronics controls 
charge/discharge the process. This means that only part 
of the battery capacity can be used – full charge and 
discharge are unavailable. This is done to provide for the 
possibility of accumulation of the regenerative braking 
energy. 

2.4. Impact of regeneration on travel distance  

Regeneration of electric energy is possible during the 
braking process. Depending on the running conditions 
and route characteristics, the maximuml value of 
regenerative energy varies from 10 to 25% in city 
conditions [14, 15]. The experimental results [14, 15] 
show that braking deceleration within the limits of 2 – 3 
m/s2 can ensure efficiency of regenerative braking of up 
to 90% and minimal transformation of kinetic energy to 
heat and friction in mechanical braking system (Fig. 5).  

At bigger decelerations, the battery cannot receive 
regenerative energy, the mechanical braking system is 
switched on and the two systems work together to 
provide the required deceleration (Fig. 6). 

   

Fig. 5. Example of regenerative braking:  
1  car speed; 2, 3  deceleration, realized only by regenerative 
braking; 4  deceleration, realized only by mechanical braking 
system. 

 

Fig. 6. Interaction of the two braking systems during formation 
of constant deceleration: 1  car speed; 2  total deceleration; 3 
 deceleration, realized by mechanical braking system; 4  
deceleration, realized by regenerative braking.  
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To improve the usage of regenerative energy traction 
system super capacitors (especially in buses) are often 
build-in. 

3 Conclusions 
On the basis of the analysis of the impact of the running 
conditions and auxiliary systems on the energy 
consumption of an electric car, the following conclusions 
can be formulated: 

1. The minimal energy consumption of electric cars 
is realized at lower speed – up to 40 km/h. These values 
are significantly lower than the respective ones for 
conventional cars - approximately 65 km/h. 

2. At low speed, for example 5 km/h (heavy traffic 
and jams), the energy consumption can be equal to that 
one at 100 km/h. The reason for this are the low 
efficiency of the drive train and energy consumption for 
supply of the auxiliary systems  at low speed motion.  

 3. At high speed – over 50 km/h – the impact of the 
auxiliary systems in total energy consumption decrease, 
the energy consumption spent for air resistance becomes 
dominant.  

4. At some values of speed and weather conditions, 
the energy consumption for the supply of auxiliary 
systems can decrease twice travel distance of the car.  

5. The minimal energy consumption of auxiliary 
systems is realized at an external air temperature of 20 
°С, at which the biggest travel distance is achieved.  

6. The light system and signalization consume about 
1% of total energy consumption of an electric car. 

The authors would like to thank the Scientific Research Fund 
of the University of Ruse, Project 2017-FT-01 for the financial 
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