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Abstract 

Environmental protection is becoming an increasingly important issue in every area of life. In recent times, 
a great emphasis has been placed on reducing the negative impact of automotive on human health at every stage of 
the vehicle's life. The most common impact of cars on the environment is the emission of pollutants from the exhaust 
system, created during the combustion of fuels in internal combustion engines. For this purpose, legislators introduce 
emission standards that must be met at the stage of vehicle approval for a given market. To meet these requirements, 
vehicle manufacturers modify the design of the drive units, body, and chassis to reduce weight and improve 
aerodynamic properties. This approach is methodologically correct because it is possible to compare the results 
obtained for different vehicles, but in real operation the level of harmful exhaust compounds, emissions and fuel 
consumption depend very much on the way the vehicle is used. As a manner of operation one can understand a 
variable load in the form of passengers or cargo, driving style, share of urban, extra-urban and motorway driving, 
terrain formation, ambient temperature and others. This article addresses issues related to the assessment of the 
impact of the light commercial vehicle operation manner on fuel consumption and the emission of harmful exhaust 
compounds. The problem was analysed in terms of the difference in vehicle load and driving style. Exhaust emission 
measurements were carried out using PEMS (Portable Emission Measurement System) analysers, which are state of 
the art devices for measuring exhaust emission in real operating conditions, called RDE (Real Driving Emissions). 
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1. Introduction  

 
Transport in 2015 was responsible for 24.7% of CO2 emissions from fossil fuel combustion in 

the world [1]. The share of road transport in this emission is 72.6%, which confirms the 
importance of issues conducted to reduce the negative impact of vehicles on the environment [1]. 
This case is solved by many institutions, because the policy makers are in touch with 
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representatives from automotive industry and measuring equipment manufacturers. The policy 
regulations influence on exhaust gas emission limits and homologation methodology for new 
vehicles. Car manufacturers meet the emission requirements developing the combustion process, 
using more sophisticated engine exhaust aftertreatment systems and changing the chassis or 
bodywork properties. The homologation methodology evaluates to make the engine operation 
parameters as similar as possible to parameters during real vehicles operation. The most recent 
methodology for exhaust measurements is called RDE (Real Driving Emissions) and takes place 
on road under actual traffic conditions [2-5]. However, these issues are related for new vehicles 
under operation, which is assumed in the homologation test.  

For vehicles operating on the road, another important issue in case of fuel consumption and 
exhaust emission is the operation manner of each vehicle. This issue is very complex, because it 
consists of many factors, such as vehicles maintenance differences in vehicle load and driving 
style. Actual the most popular among these three aspects is ecodriving, which contributes to 
influence of driving style on fuel consumption and exhaust emission from different categories of 
vehicles [6-9]. In the case of vehicle load, it is well known that more load will cause in higher fuel 
consumption and exhaust emission, but it is not easy to assume the values. The authors in this 
article analysed the influence of vehicle load and accelerating style on fuel consumption and 
exhaust emission. These measurements occurred in real driving conditions, using the mobile 
analyser for measuring exhaust emission of gaseous compounds during the operation of vehicle. 
 
2. Test methodology 

 
The tests were performed in real driving conditions on public roads in and around Poznan. All 

of the measurements occurred in the summertime and the temperature warried between 
22-26°C.The test routes for assessing the influence of vehicle load on exhaust emission and fuel 
consumption were selected to reflect specific conditions of urban, extra urban and mixed driving 
style (Fig. 1). Another advantage of that methodology is the possibility to obtain results for 
different conditions, which could be helpful in drawing conclusions. Each test route had 
respectively about 5.3, 4.3 and 5.8 km length (Fig. 2). Differences in distance between tests with 
and without additional load were not greater than 2%. The measurements occurred in the afternoon 
and also covered the peak road traffic density. All of the tests were driven by the same driver to 
minimise the differences, although the real traffic conditions could disturb the driving behaviour. 
The duration of the repeated test phases differ up to 16 seconds, what is less than 5% (Fig. 3). The 
average speed, which results from travelled distance and test duration differ less than 4% (Fig. 4). 
The biggest differences were observed during mixed test cycle and it could be a result of local 
traffic conditions. 

 

 
Fig. 1. Selected test routes; 1 – urban, 2 – extra urban, 3 – combined [10] 
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Fig. 2. Distance of analysed test cycles with and without load 

 

 
Fig. 3. Duration of analysed test cycles with and without load 

 

 
Fig. 4. Vehicles average speed during analysed test cycles with and without load 

 
The tests reflecting different driving style took place on a straight road within a public parking 

area. This issue concerned on different behaviour in decreasing the vehicle speed. One 
methodology of slowing down uses engine operation at idling parameters and the second one used 
braking with the engine. Those tests could represent slowing down before traffic lights, crossroads, 
or level crossing, replacing vehicles coasting with idling engine. That behaviour is particularly 
emphasized by the promoters of eco-driving. The issue of avoiding unproductive engine idling; 
from point of view of the engine, efficiency is very favourable. 

The test object was a LDV vehicle, which is very popular for different tasks and thus operates 
on urban and extra urban roads (Fig 5). The vehicle was propelled by CI engine and fulfilled the 
Euro 5 emission standard. The load tests were performer two times. Firstly, the measurements 
were conducted with measuring equipment, test crew and additional load. The second 
measurement was performed without additional load. The mass of test crew with equipment was 
about 350 kg and the additional load was about 400 kg. 
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Fig. 5. Test vehicle equipped with measuring devices and additional load 

 
Exhaust gas measurements were performed using the state of the art PEMS measuring device 

SEMTECH-DS, which enables real driving emissions testing (Fig. 6). This device measures 
concentrations of gaseous toxic compounds. To obtain emission values related to travelled 
distance, data from exhaust flow meter and on-board diagnostics system were recorded. The 
analysers used in the SEMTECH-DS device operate on the basis of well-known methods and 
allowed during homologation tests [11].  

 

 
Fig. 6. Scheme of PEMS device SEMTECH-DS, used during tests [11] 

 
3. Analysis of test results 

 
On the basis of data from emission measurement device and on board diagnostics system, the 

road emission of exhaust gases was obtained (Fig. 7-10). Each of the graphs represents all of 
analysed compounds (CO2, CO, NOx and HC) which reach different values and to make the graphs 
readable, the y-axis has logarithmic scale. Analysing the influence of vehicle load on exhaust 
emission, it could be assumed that in all of analysed test conditions, the CO2 emission is higher 
during test with additional load. The increase of CO2 emission in analysed urban cycle is about 6% 
and in extra urban cycle, the increase was about 15%. The greatest increase in CO2 emission was 
observed in the mixed cycle. The differences in CO2 emission could be assumed as differences in 
fuel consumption. CO emission during test with additional load is slightly lower in urban and 
mixed cycle (Fig 7, 9). In all of analysed measurements, NOx emission is lower in test with 
additional load, and reverses dependence is observed in case of HC emission, where maximum 
increase in HC emission reaches 65%. These relations are unusual, because higher engine load 
causes higher temperatures which results in higher NOx emission. However, modern engines are 
very sophisticated and it could be related with different mode of fuel injection system (injection 
pressure, injection timing, etc.) or engine aftertreatment systems operation.  
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Fig. 7. Road emission during urban cycle tests 

 

 
Fig. 8. Road emission during extra urban cycle tests 

 

 
Fig. 9. Road emission during mixed cycle tests 

 
The results of driving behaviour influence on fuel consumption and exhaust emission is shown 

on graphs 10 and 11. The verification of environmental aspects (emissions of carbon dioxide from 
the vehicle) of the application of the above-mentioned rules was made as a result of road tests of 
described above LDV. Test drives were carried out at the measuring section, free from traffic. The 
test vehicle accelerates to a speed of about 50 km/h, and then two ways of the speed deceleration 
were used. Inhibited using motion resistance while driving a rundown, in addition to using the 
brake system in the final stages of journeys made and using the gear ratios increase – gear 
reduction. In this analysis, there is the concept of the "drive" and “non-drive” phases of the vehicle 
motion – when the power is delivered to the wheels of the vehicle, or not supply. 

In the case of carbon dioxide emitted by the tested car equipped with an CI engine, after 
obtaining the target speed and begin the process of deceleration can be seen a significant increase 
of CO2 road emission in the event of engine idling (the drive is disconnected). In the case of 
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engine braking, the CO2 road emission is much lower (Fig. 10). CO2 road emission is 
corresponding with fuel consumption (Fig. 11). 

Analysing the graph No. 10, it is possible to assume that slowing down with engine braking 
helps to reduce fuel consumption and exhaust emission of every analysed compound instead of 
NOx. This dependence is more complicated. 

 

 
Fig. 10. Fuel consumption results during different methodology of slowing down 

 

 
Fig. 11. Fuel consumption results during different methodology of slowing down 

 
5. Summary 

 
Conducted measurements allowed us to become quantitative information about the influence of 

vehicle load and driving behaviour on fuel consumption and exhaust emission. Mass of additional 
load in conducted measurements was about 400 kg, which is about 20% more than without 
additional load. In that case, the fuel consumption increase was about 6-20%. The influence of 
additional load in the vehicle on toxic compounds emission is other than expected. The higher 
engine load should lead to higher combustion chamber temperatures and thus should the NOx 
emission should be higher. It could be an effect of sophisticated engine management, but it should 
be proven by making more repetitions. In case of drivers behaviour, carried out tests showed the 
validity of the use of engine braking (downshifts) instead of driving a rundown during the 
operation of a motor vehicle. Not only that it avoids unproductive, from the standpoint of work 
efficiency, engine idling (lower mileage fuel consumption), it still achieved lower emission of 
harmful CO2 and toxic CO, HC or NOx in the exhaust gases. 
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