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Abstract:  
The main purpose of the paper is to determine the change in vehicle energy 
efficiency due to using the air conditioning system. There is a connection 
between the changes in vehicle energy efficiency and fuel consumption 
together with time needed for vehicle acceleration. The paper comprises 
the measurement results performed at stabilized speeds as well as during 
vehicle acceleration. The final part of the paper outlines the result of 
calculation of change in vehicle energy efficiency resulting from air 
conditioning unit used during New European Driving Cycle. 
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1. INTRODUCTION 
 

The high temperature in a vehicle interior 
affects drivers as well as driving safety negatively 
[1,2]. Reaching up the temperature about 30 °𝐶 
that is common in an overheated vehicle; the 
driver’s response time extends for 65%  after 
ninety minutes. It is a condition comparable with 
an effect caused by 0.5‰ blood alcohol level [3, 
4]. To reduce the interior temperature in a 
vehicle must also be the role of air conditioning 
system that contributes to convenience of drivers 
and other passengers, and thus to increasing road 
safety [5, 6]. Besides the summer period during 
which the air-conditioning is used for cooling the 
vehicle interior, it is also used in the winter 
period for air drying in order to prevent the 
windows from being fogged up [7]. 

A driving generator of air conditioning system 
is a compressor which is driven by a vehicle 
engine. Concerning manual air conditioner, the 
compressor works at full power under any 
conditions. There is only one condition for 
compressor’s operation, and thus to be started 

up. The resulting temperature is regulated by 
stirring the warm air [8]. 

Concerning automatic air conditioner, the 
compressor does not work at full power at any 
time. Unless there is no need to cool the vehicle 
interior down significantly, the air conditioning 
system disconnects the compressor; the power of 
air conditioner is being reduced and so the 
consumption of the engine power [9].  

The first aspect explored is the impact of using 
the air-conditioning system while driving at 
constant speed. The second one is the impact of 
using the air conditioning system on the vehicle’s 
ability to accelerate both on ground and gradient 
level. The impact of using the vehicle air 
conditioning on its energy efficiency has been 
also studied during New European Driving 
Cycle (NEDC). It is also referred to as MVEG cycle 
(Motor Vehicle Emissions Group).  

The results point out that there is an 
appreciable impact of using the vehicle air-
conditioning within the framework of all the 
three scopes explored.  
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2. EXPERIMENTAL SETUP 

 
The measurements of change in the engine 

energy efficiency as a result of using the air-
conditioning unit have been conducted at the 
vehicle dynamometer MAHA MSR 1050 with its 
measurement deviation of 2%  given by the 
manufacturer [10,14]. The vehicle dynamometer 
enables to simulate driving of particular vehicle 
on both ground and gradient level. Such 
simulation is done by dynamometer cylinder’s 
acceleration or deceleration [11]. 

The measurements have been performed with 
passenger vehicle (Maker: KIA; type: Ceed 1.6 
CVVT). 

Technical data of vehicle and engine used 
during measurements are shown in the Table 1. 

Table 1. Technical parameters of vehicle used during 
experiments [12] 

Description Specification 

Vehicle KIA Ceed 1.6 CVVT 

Mass in running order 
Gross vehicle weight 

1163 𝑘𝑔 
1710 𝑘𝑔 

Vehicle acceleration 0 – 100 𝑘𝑚/ℎ (10.8 𝑠) 

Engine specification 

1.6 CVVT (Hyundai) 
Gasoline, 4-L,  

90 𝑘𝑊 at 6200 (1/𝑚𝑖𝑛) 
154 𝑁𝑚 at 5200  (1/min ) 

Fuel injection system 
Multi point injection (MPI) 

Spark ignition 

Gearbox Automatic with 5 speed 

Fuel consumption 
Urban – 8.0 (𝑙/100 𝑘𝑚) 

Extra-urban – 5.4 (𝑙/100 𝑘𝑚) 
Combined – 6.4 (𝑙/100 𝑘𝑚) 

CO2 emissions 152 (𝑔/𝑘𝑚) 

Air conditioning 
system (A/C) 

Automatic, 1 zone 

The vehicle is equipped with an automatic 
(A/C) system. The measurements were always 
taken when the compressor was operating and 
air conditioner was cooling the vehicle interior 
from 21 °𝐶 down to 17 °𝐶.  

Fuel consumption measurement was 
performed via fuel flow meter AIC 1203 with its 
measurement accuracy of 1%  [10,13]. The 
scheme of connection during measurement is 
shown in the Fig.1. 

 

Fig. 1. Scheme of flow meter AIC 1203 connection 

Before measuring, it is necessary to insert the 
vehicle parameters into the dynamometer 
computer. These include a power needed for 
overcoming the air and rolling resistances at the 
driving speed of 90 𝑘𝑚/ℎ as well as mass of the 
vehicle in running order [14]. 

The power needed for overcoming the air 
resistance was calculated according to relation (1) 
[15,16]: 

𝑃𝑎 =
1

2
∙ 𝜌 ∙ 𝑐𝑥 ∙ 𝑆 ∙ 𝑣3 (1) 

Where is: 

 𝑃𝑎   - engine power for air resistances, 𝑊; 

 𝜌     - air density, 𝑘𝑔/𝑚3; 

 𝑐𝑥   - air resistance coefficient, − 

 𝑆     - vehicle front area, 𝑚2; and 

 𝑣     - vehicle speed, 𝑚/𝑠. 

The power needed for overcoming the rolling 
resistance would have been calculated according 
to relation (2) [17]:  

𝑃𝑟 = 𝑚 ∙ 𝑔 ∙ 𝑓 ∙ 𝑣 (2) 

Where is: 

 𝑃𝑟    - engine power for rolling resistances, 
        𝑊; 

 𝑚   - instantaneous vehicle mass, 𝑘𝑔; 

 𝑔    - gravitational acceleration, 𝑚/𝑠2; 

 f     - tyre resistance coefficient, −; and 

 𝑣    - vehicle speed, 𝑚/𝑠. 

The measurements of the impact of (A/C) unit 
while driving at constant speed have been 
divided into three most common running orders 
of driving. These are specifically areas of speed of 
50 𝑘𝑚/ℎ  which is the maximum permissible 
driving speed in most towns and villages within 
the European Union; speed of 90 𝑘𝑚/ℎ which is 
the maximum permissible driving speed outside 
towns and villages, and speed of 130 𝑘𝑚/ℎ which 
is the maximum permissible driving speed in 
highways.  

Each measurement has involved the 
calculation of the engine energy given in the form 
of work as well as its energy got from fuel. The 
engine energy can by calculated according to 
formula (3) [18]: 

𝑊 = 𝑃𝑒 ∙ 𝑡 (3) 

Where is: 

 𝑊   - energy given by engine, 𝐽, 
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 𝑃𝑒    - engine power, 𝑊; and 

 𝑡     - time of measuring, 𝑠. 

The engine power has been calculated as 
follows; equation (4) [19]: 

𝑃𝑒 = 𝑃𝑤 ∙ 𝜂𝑚 (4) 

Where is: 

 𝑃𝑤    - power on wheels, and 

 𝜂𝑚  - mechanical efficiency of drive line 
and wheel rolling. 

The common value of mechanical efficiency 
for driveline (in vehicles driven by front axles) is 
at the level of 𝟕% [20]. 

The energy delivered in the form of chemical 
energy in fuel can be calculated as follows, 
according to equation (5) [21]: 

𝐸 = 𝑚𝑓 ∙ 𝐻𝑑  (5) 

Where is: 

 𝐸     - energy delivered into engine in the 
form of fuel, 𝐽; 

 𝑚𝑓  - consumed fuel mass, 𝑘𝑔; and 

 𝐻𝑑    - low heating value of fuel, 𝐽/𝑘𝑔. 
 
The low heating value of fuel used for this 

calculation has been considered as 𝑯𝒅 =
𝟒𝟑 𝟗𝟐𝟗 𝒌𝑱/𝒌𝒈 [22]. 

The total level of energy efficiency of the 
proces (vehicle drive) (𝜼𝒇)  can be further 

calculated as ratio of energy gained to energy 
spent; equation (6) [23]: 

𝜂𝑓 =
𝐸

𝑊
 (6) 

The goal of the second part of measurements 
was to determine the impact of using the (A/C) 
system on vehicle acceleration.  

The measurements have been performed with 
having the acceleration pedal fully applied. The 
vehicle has accelerated from the speed of 
50 𝑘𝑚/ℎ  to speed of 80 𝑘𝑚/ℎ  with the third 
transmission gear used, and also from the speed 
of 80 𝑘𝑚/ℎ  to speed of 120 𝑘𝑚/ℎ  with the 
fourth transmission gear used. Such accelerations 
were measured gradually at  0% , 2%  and 4% 
gradient.  

The third part includes the calculation of 
engine energy efficiency needed for driving NEDC 
cycle with and without having the air conditioner 
applied. 

3. RESULTS 
 

3.1 Impact of air conditioner applied on fuel 
consumption at constant speed of 𝟓𝟎 𝒌𝒎/𝒉 

 
The first measurement was done with the 

constant speed of  50 𝑘𝑚/ℎ , firstly without 
having the air conditioner applied and then with 
it. The results are given in the Table 2.   

 
Table 2. Impact of air conditioner applied on fuel 
consumption at constant speed of 𝟓𝟎 𝒌𝒎/𝒉 

Parameters 
Air conditioner applied 

No Yes 

Fuel consumption 
(𝑙/100 𝑘𝑚) 

4.612 5.745 

Energy spent 
(𝑘𝑊ℎ) 

0.110 0.146 

Energy delivered in 
the fuel, (𝑘𝑊ℎ) 

0.839 1.182 

Efficiency 
(%) 

13.09 12.36 

 
As seen from the Table 2, having the air 

conditioner applied while driving at constant 
speed of 50 𝑘𝑚/ℎ  has increased the fuel 
consumption by 24%. 

 
3.2 Impact of air conditioner applied on fuel 

consumption at constant speed of 𝟗𝟎 𝒌𝒎/𝒉 
 

The first measurement was done with the 
constant speed of 90𝑘𝑚/ℎ, firstly without having 
the air conditioner applied and then with it. The 
results are given in the Table 3.   

 
Table 3. Impact of air conditioner applied on fuel 
consumption at constant speed of 𝟗𝟎 𝒌𝒎/𝒉 

Parameters 
Air conditioner applied 

No Yes 

Fuel consumption 
(𝑙/100 𝑘𝑚) 

5.206 5.701 

Energy spent 
(𝑘𝑊ℎ) 

0.224 0.224 

Energy delivered in 
the fuel, (𝑘𝑊ℎ) 

1.045 1.139 

Efficiency 
(%) 

21.44 19.68 

 
While driving at the speed of 90 𝑘𝑚/ℎ, lower 

increase in fuel consumption than in the previous 
case. The increase was 9.5%. 
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3.3 Impact of air conditioner applied on fuel 
consumption at constant speed of 
𝟏𝟑𝟎 𝒌𝒎/𝒉 

 
The values measured while driving at the 

speed of 130 𝑘𝑚/ℎ, are given in the Table 4. 

Table 4. Impact of air conditioner applied on fuel 
consumption at constant speed of 𝟏𝟑𝟎 𝒌𝒎/𝒉 

Parameters 
Air conditioner applied 

No Yes 

Fuel consumption 
(𝑙/100 𝑘𝑚) 

7.633 7.831 

Energy spent 
(𝑘𝑊ℎ) 

0.403 0.393 

Energy delivered in 
the fuel, (𝑘𝑊ℎ) 

1.515 1.548 

Efficiency 
(%) 

26.59 25.37 

While driving at the speed of 130 𝑘𝑚/ℎ, the 
difference measured due to air conditioning unit 
used was only 0.198 𝑙/100 𝑘𝑚, that means 2.6% 

increase in fuel consumption. 
For better transparency, the measurement 

results are also given in the graph in the Fig.2. 

 

Fig. 2. Impact of air conditioner on fuel consumption 
while driving at constant speed on level ground 

Concerning the air conditioner used, the 
lowest impact on fuel consumption has been 
seen at the speed of 130 𝑘𝑚/ℎ, at which the fuel 
consumption increase represents only 2.5%. The 
reason lies in that the power needed for 
overcoming driving resistances had the highest 
value of 23.7 𝑘𝑊 alongside of which the value of 
power needed for the air conditioner’s 
compressor operation represented only a small 
part. It can also be assumed that there is a 
reduction of brake specific fuel consumption 
(BSFC) by higher engine load [24]. On the other 
hand, while driving at constant speed of 
50 𝑘𝑚/ℎ , the power needed for overcoming 
driving resistances had the lowest value 
of  2.62 𝑘𝑊 , and thus, the increase in fuel 

consumption resulting from the (A/C) system 
used was the highest.  

 
3.4 Impact of air conditioner applied on vehicle 

acceleration 
 

The goal of the second part of measurements 
was to determine the impact of using the (A/C) 
system on vehicle acceleration. The 
measurement results during acceleration from 
50 𝑡𝑜 80 𝑘𝑚/ℎ are given in the Table 5.  

Table 5. Impact of air conditioner applied on vehicle 
acceleration from 𝟓𝟎 𝒕𝒐 𝟖𝟎 𝒌𝒎/𝒉 

Gradient 
(%) 

A/C 
system 

Acceleration 
50 − 80 𝑘𝑚/ℎ 

Time 
(𝑠) 

Value 
(𝑚/𝑠2) 

Difference 
(%) 

0 Off 5.559 1.488 
−6.923 

0 On 6.017 1.385 

2 Off 6.538 1.275 
−9.490 

2 On 7.222 1.154 

4 Off 8.314 1.002 
−11.477 

4 On 9.394 0.887 

As seen from the Table 5, using of the air 
conditioner during acceleration leads to 
reduction of acceleration value, i.e. to increase of 
time needed for reaching a certain speed. The 
highest decrease in acceleration (11.477%) has 
been seen while overcoming the highest gradient 
of 4% with the increase of time by 1.08 𝑠.  

The graph in the Fig.3 shows the impact of 
switching on the air conditioner on time needed 
for acceleration from 50 𝑘𝑚/ℎ  to the speed 
of 80 𝑘𝑚/ℎ.  

 

Fig. 3. Impact of (A/C) system on vehicle acceleration 

Increasing road gradient leads to decrease in 
vehicle ability to accelerate as seen in the Fig.4, 
too. The reason is that together with increasing 
road gradient there is an increase in the engine 
power needed for overcoming such gradient. 
Therefore, there is little engine power left for 
vehicle acceleration. And, using the (A/C) system 
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limits the vehicle ability to accelerate even more 
during increasing gradient [25].  

 

Fig. 4. Impact of (A/C) system on time needed for 
reaching a certain vehicle speed 

 
The results of impact of air conditioning used 

during acceleration from 80 𝑡𝑜 120 𝑘𝑚/ℎ are 
given in the Table 6.  
 

Table 6. Impact of air conditioner applied on vehicle 
acceleration from 𝟖𝟎 𝒕𝒐 𝟏𝟐𝟎 𝒌𝒎/𝒉 

Gradient 
(%) 

A/C 
system 

Acceleration 
80 − 120 𝑘𝑚/ℎ 

Time 
(𝑠) 

Value 
(𝑚/𝑠2) 

Difference 
(%) 

0 Off 11.913 0.933 
−14.041 

0 On 13.855 0.802 

2 Off 15.614 0.712 
−24.719 

2 On 20.738 0.536 

4 Off 23.153 0.480 
−18.125 

4 On 28.294 0.393 

 
For better transparency, the results are also 

given in the form of graphs in the Fig.5 and 6.  

 

Fig. 5. Impact of (A/C) system on time needed for 
vehicle acceleration 

By comparing the above results from the Fig. 5 
and 6, it implies that during acceleration 
from  80 𝑡𝑜 120 𝑘𝑚/ℎ , the air conditioner has 
bigger impact than during acceleration 
from 50 𝑡𝑜 80 𝑘𝑚/ℎ.  

 

Fig. 6. Impact of (A/C) system on vehicle acceleration 

 
3.5 Impact of air conditioner applied on vehicle 

acceleration 
 
NEDC represents a driving cycle composed of 

four driving urban cycles and one extra-urban, 
Fig.7 [26]. 

 

Fig. 7. NEDC driving cycle 

The rules of this test provide that there must 
be used only appliances necessary for the engine 
and vehicle running. It means that, according to 
these rules, it is not possible to assess the impact 
of air-conditioning system on power, fuel 
consumption and the engine energy efficiency.  

 

Fig. 8. Engine power needed for the (A/C) compressor 
to be driven depending on the engine speed 

However, the results from the previous 
measurements can be applied to this test in order 
to have the courses of powers needed for 
overcoming NEDC cycle with or without having 
the (A/C) system used while driving [25]. The 
power that is necessary for the (A/C) compressor 
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to be driven depending on the engine speed is 
displayed in the Fig.8. 

When having the air conditioner switched off, 
the engine power can be increased by a power 
needed for compressor to be driven, and thus it 
can be calculate the course of power which is 
necessary to overcome NEDC cycle with or 
without having the air conditioner used, Fig.9.  

 

Fig. 9. Engine power needed while driving according to 
NEDC with or without the air conditioner used 

It can be seen in the Fig.9 what is the power 
needed during NEDC cycle with having the air 
conditioner switched off and on. When having 
the air conditioner applied, there must always be 
a higher power produced. Such increase in the 
power produced is caused by the compressor 
which takes its power from the engine.  

The energy needed for driving this cycle has 
the value of 1.209 𝑘𝑊ℎ  without (A/C) system 
used and value of 1.443 𝑘𝑊ℎ  with the air 
conditioner applied. It means that the air-
conditioning system would consume 0.234 𝑘𝑊ℎ 
of energy delivered during the cycle. The overall 
energy consumed has been calculated as an 
accumulative sum of energies at particular engine 
speeds. The powers with negative values during 
vehicle decelerations have not been taken into 
consideration in this case since there is not any 
energy recuperation in the spark ignition engine. 

 
4. CONCLUSIONS 

 
The purpose of the measurements was to 

assess the impact of using the (A/C) system on 
selected aspects.  

The first part of the measurements payed 
attention to the impact of air conditioning unit 
used while driving at constant speed of 
50 𝑘𝑚/ℎ,  90 𝑘𝑚/ℎ  and 130 𝑘𝑚/ℎ  on ground 
level. The highest increase, by 
1.133 𝑙/100 𝑘𝑚, in fuel consumption has been 

caused by using the air conditioner while driving 
at the speed of  50 𝑘𝑚/ℎ i.e. from 
4.6 𝑙/100 𝑘𝑚 to 5.7 𝑙/100 𝑘𝑚 .  Such increase in 
fuel consumption represents a significant change 
in vehicle energy efficiency. It is necessary to bear 
in mind that every litre of petrol leads to 
production of 2.5 𝑘𝑔  of 𝐶𝑂2  as well as to 
consumption of about 15 𝑚3 of air [27,28]. Thus, 
increasing the fuel consumption by 1.133  
𝑙/100 𝑘𝑚 causes an increase in carbon dioxide 
production by 2.83𝑘𝑔  𝐶𝑂2/100 𝑘𝑚 as well as 
consumption of 17 𝑚3  of air additionally per 
every 100 𝑘𝑚  driven resulting from the air 
conditioner used. Together with increasing 
driving speed, there has been also measured a 
lower impact of (A/C) system on change of 
vehicle energy efficiency.  

The purpose of the second part of 
measurements was to determine the impact of 
(A/C) system used on vehicle energy efficiency 
and its ability to accelerate. Vehicle ability to 
accelerate as far as possible in a short time 
affects the level of vehicle active safety. As seen 
from the results measured in the article, using 
the air-conditioner decreases vehicle ability to 
accelerate. According to these results, having the 
air conditioner applied while driving with 
gradient of 2% can increase time to accelerate 
from 50 𝑡𝑜 80 𝑘𝑚/ℎ  by 0.68 𝑠 . Drivers are not 
often aware of the (A/C) compressor active 
operation, and what is more, 2% gradient cannot 
be many a time noticed. During the previous 
manoeuvre may be the period of 0.68 𝑠 a time 
which can absent when finishing it safely. 

Using the A/C has different impact on the fuel 
consumption which depends on the actual 
operation conditions like actual ambient 
temperature, engine volume, A/C compressor 
type, vehicle, speed, engine speed and others 
[29]. 

The impact of having the air conditioner used 
on change in the vehicle energy efficiency has 
also been proven definitely in the third part of 
this article. According to the calculations, having 
the air conditioner switched on would have 
caused a significant increase in vehicle energy 
efficiency even during the NEDC test.    
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