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RESEARCH ON THE USE OF ECO-DRIVING IN CITY TRAFFIC 

Jacek Caban1,* 

Abstract As it is commonly known, during the operation of vehicles, their operational parameters change, related 

to the influence of working factors, the current road situation or wear processes of vehicle components. 

Currently, for many years there has been a discussion on improving the environmental properties of 

motor vehicles, considering technical, legal and operational factors. The article presents selected 

research results of a vehicle using the eco-driving technique in city traffic on the so-called routine route 

in a selected area of the city of Lublin in south-eastern Poland. The tests were carried out on a passenger 

car with a spark ignition engine powered by gasoline. The obtained test results focus on the influence of 

selected driving parameters, such as: average speed, driving time, mileage, road characteristics, number 

of stops, number of brakes. The conducted research indicates the possibility of using eco-driving in city 

traffic and gives positive results. 
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1 INTRODUCTION 

The transport situation in many cities around the world is deteriorating due to the increase in the number 

of vehicles and the limited capacity of the existing road infrastructure. The transport sector is influenced 

by a wide range of external social and economic factors such as demographics, living standards of the 

population, urban planning, organization of production, structural changes in society and accessibility to 

transport infrastructure Veternik and Gogola, (2017). The road network of each city consists of various 

types of intersections, which enable the handling of collision traffic flows and which can be bottlenecks of 

the transport system Macioszek and Kurek, (2019). Because of the narrow streets and density of existing 

buildings within the city, in most cases it is not possible to extend current infrastructure Kalasova et al., 

(2014). The traffic intensity in a given city is not distributed equally throughout the day and over the entire 

area Salisu and Oyesiku, (2020). For these reasons, problems arise in an urban agglomeration related to 

the phenomenon of transport congestion. This phenomenon is a very complex process, widely described 

in the literature (Cernicky and Kalasova, 2015; Hurtova et al., 2018; Kalasova et al., 2020; Kurganov et al., 

2020; Lizbetin and Bartuska, 2017). It is also connected with the pollution of the natural environment in 

the city caused by means of transport. The emission of air pollutants has a negative impact both on the 

environment and human health as well as on climate change (Haider et al., 2017; Konećny et al., 2020, 

Piekarski et al., 2016; Uhereketal et al., 2010). Nocera and Cavallaro, (2011) demonstrated that the 

emissions from transport comprise 26% of the total CO2 emissions in the EU and in this zone are a major 

factor in air pollution worldwide. In turn, Caulfield et al. (2014) showed that it is possible to reduce exhaust 
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gas emissions by using the on-board feedback tool for eco-driving. More details on the idea and technique 

of eco-driving, its benefits and challenges for improving road traffic are presented by Alam and McNabola, 

(2014) and Caban et al., (2019). 

Traffic accidents are another equally important threat from road transport. They have great consequences 

for individual road users, have a social and financial impact on the families of accident victims, and more 

broadly on the economy, etc. Szumska et al., (2020) demonstrated that almost 3,700 people are killed daily 

all over the world in road traffic accidents involving pedestrian or different transport mode such as 

vehicles, buses, motorcycles, bicycles, trucks. In the literature we can find many publications in which the 

authors research impact of the traffic safety (Backalic et al., 2019; Hudak and Madlenak, 2016; Szymanek, 

2020; Vrabel et al., 2020), of vehicle technical condition (Borawski et al., 2020; Orynycz et al., 2020; 

Rymarz et al., 2016) and effective driving (Cernicky and Kalasova, 2015; Skrucany et al., 2017; Tarkowski 

and Rybicka, 2020). 

It should be remembered that a human, among of all transportation system elements has the greatest 

adaptability to changing conditions and current requirements in road traffic. Therefore, the behavior of 

his vehicle on the road depends on the decisions made by the driver and it forces interaction of other road 

users. One of such decisions by driver is the self-improvement of the driving technique due to the 

economic, ecological and operational benefits of the vehicle defined by the term eco-driving. Many 

researchers see the potential in eco-driving, to improve the traffic safety (Ho et al., 2015; Rouzikhah et al. 

2013), and economic factors in the form of reduced fuel consumption (Sivak and Schoettle, 2012; 

Suzdaleva and Nagy, 2014; Sarkan et al., 2018; Skrucany et al., 2017), as well as slower degradation of 

other vehicle components such as the braking system (Borawski et al., 2020; Ondrus et al., 2018; Pancik et 

al., 2020), suspension (Blatnicky et al., 2020) or tires (Waluś and Warszczyński, 2019). Eco-driving is also 

responsible for analysing the situation on the road, anticipating the manoeuvres of other road users and 

skilful braking with the vehicle. Braking is a dynamic effect, when changing the speed of the vehicle at the 

time and at a certain route (Ondrus et al., 2018; Skrucany et al., 2020a). In addition, fuel consumption also 

depends on the driving style, as reported by Larson and Ericsson, (2009), Sarkan et al., (2018), Sivak and 

Schoettle, (2012), Synak et al., (2018).  

Selected results of test of a vehicle in the eco-driving operation in urban road traffic area are presented. 

The aim of the study is to present the benefits of using the eco-driving style in urban traffic on a fixed route. 

The results of the influence of the eco-driving style according to the recommendations presented in the 

earlier study by the author Caban et al. (2019), on selected parameters, such as: average speed, driving 

time, road type, number of stops and the number of brakes, were compared to the normal driving style. 

The driving tests were carried out with a passenger car powered by a gasoline combustion engine in urban 

traffic conditions, move in the so-called ”routine route”: work-home on a selected city area. 

2 METHODOLOGY 

The research were carried out in the city of Lublin at the same specified time of day (afternoon peak traffic) 

and under comparable traffic conditions, on the same road section – driving from work to home "routine 

route". During the tests, a driver's behaviour and various operational activities performed (e.g.: 

accelerating, braking, stopping the vehicle, etc.) were recorded. The values of individual parameters were 

manually recorded by the driver in the previously prepared measurement protocol. In order to 

demonstrate the obtained benefits of eco-driving, the results collected in road tests were analysed and 

compared them to normal conditions, i.e. those that accompany traveling without economic driving habits. 

The following parameters were considered in the research: 

• number of vehicle braking, 

• number of vehicles stops up to 0 km/h, 

• number of vehicle movements, 
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• number of stops at traffic lights, 

• number of stops at intersections, 

• number of stops before pedestrian crossing, 

• maximum vehicle speed [km/h], 

• average vehicle speed [km/h], 

• length of the route [km], 

• travel time [min]. 

2.1 Characteristics of the test vehicle 

The tests were carried out on a 5-door Daewoo Lanos passenger car powered by a 100HP 1.5 DOHC 

gasoline engine with power transmission via a 5-speed manual gearbox to the front axle. Production date 

of the car is 2000, and the vehicle mileage at the start of the tests was 83,560 km. The vehicle has a curb 

weight of 1020 kg, while the vehicle's weight was around 1150 kg during the tests. In the Table 1 was 

presented the chosen technical parameters of the engine used in the tested vehicle. 

Tab. 1 Chosen technical parameters of the vehicle engine 1.5 DOHC, E-TEC; source: Bujański (2000). 

Parameter   Value 

Number and arrangement of cylinders  4-cylinders in line 

Work cycle  1-3-4-2 

Displacement [cm3] 1,498 

Compression ratio  9.5 

Cylinder diameter [mm] 76.50 

Piston stroke [mm] 81.50 

Total power 

at rotational speed 

[kW/KM] 

[rpm] 

73 / 100 

5800 

Torque 

at rotational speed 

Nm] 

[rpm] 

131 

3400 

Ignition advance angle (for idle speed) [°] 10 

Idle speed [rpm] 850 + 50 

Cooling system  Forced circulation 

Lubrication system  Forced circulation 

2.2 Characteristics of the test route 

A routine route from the workplace to the home was selected for the research. The basic characteristics of 

this route are shown in Table 2. This road was marked on the map shown in Figure 1. Point A is a beginning 

of the route – workplace, point F is end of the route – home. The intermediate points (B and E) are larger 

intersections where the direction of the route has changed. The route was mapped using the portal: 

(www.dojazd.org). 

Tab. 2 Characteristics of the test route from workplace to home; source: own study 

Route parameters  To home 
The length of the travel route  [km] 7.7 

Number of intersections with traffic lights  7 

Number of all pedestrian crossings  34 

Number of intersections without traffic lights  11 

Number of intersections with railway lines  1 
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Fig. 1 Marked tested route from work - point A, to home - point F; source: (www.dojazd.org) 

3 RESULTS AND DISCUSSION 

This chapter presents selected results of road tests carried out on the test route from work to home. The 

focus is on the most important parameters that best illustrate the differences in driving style in an urban 

area. The presented test results concern the driving style in normal conditions and with the use of eco-

driving technique, 28 tests were performed. Fig. 2 shows the results of tests on the number of brake 

applications, understood as the number of brake pedal depressions depending on the current road 

situation. 

 

Fig. 2 The number of brakes applications depending on the driving style; source: own study 

Analysing the data presented in Fig. 2, the values of the use of brakes in economic driving are much lower 

than in the normal driving style. In the case of the total number of brakes in the tests, a decrease by approx. 

34.7% was recorded in the case of eco-driving. This state of affairs may be influenced by the fact that in 

the case of eco-driving, the driver observes the road situation better, which limits the excessive use of 

brakes and uses engine braking more often. In addition, the amount of acceleration of the vehicle 

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

N
u

m
b

er
 o

f 
b

ra
ke

s

Road test number

Number of brakes

Work-Home normal Work-Home eco



Perner’s Contacts 16(1), 2021  

 

approaching the intersection is limited, the driver, for example, anticipates the change of the traffic light 

on the signalling device, which reduces the amount of intense braking. 

Fig. 3 shows the values of the total number of vehicle stops up to 0 km/h depending on the used driving 

style. 

 

Fig. 3 The total number of vehicle stops up to 0 km/h; source: own study 

Analysing the data presented in Fig. 3, it can be concluded that in most of the test drives the number of 

stops was lower than in the normal driving style. The total number of stops up to 0 km/h takes into account 

e.g. traffic light stops, other intersections and, for stops before a pedestrian crossing. It can therefore be 

said, that when using the eco-driving technique, we maintain greater flow of traffic, which translates into 

a smaller number of vehicle stops when using this driving technique. Compared to aggressive driving, 

these differences may be even greater, but this type of behaviour has not been studied in this test. 

Fig. 4 shows a comparison of the number of vehicle stops at intersections with traffic lights for both driving 

styles. 

 

Fig. 4 The total number of vehicle stops at intersections with traffic lights; source: own study 
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Analysing the data presented in Fig. 4, it can be concluded that in most test drives the number of stops was 

comparable for both driving styles. Smaller amounts of detentions occurred in 8 cases with eco-driving 

style. Which, as in the case analysed earlier, indicates better flow of traffic during eco-driving. 

Fig. 5 shows the average speed values obtained in road tests for both driving styles.  

 

Fig. 5 The average vehicle speed values during road tests; source: own study 

As shown in the data presented in Fig. 5, the average value of the vehicle speed on the tested road section 

was comparable for both driving styles, which proves that the driving style does not affect the average 

speed value. A similar tendency was observed in the case of the obtained travel time, which results is 

presented in Fig. 6. In the case of normal and eco-driving, the same values of travel time were obtained 

with an accuracy of one minute. Therefore, it can be concluded that changing the driving style to eco-

friendly does not adversely affect the average value of the vehicle speed and travel time in urban traffic. 

 

Fig. 6 The travel time values during road tests; source: own study 
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effect on the emission of dust from the friction elements in the vehicle and extends the operation time of 

the brakes. Synak et al., (2018) demonstrated that the amount of fuel consumed may also be influenced by 

driving style. Based on the literature, it is known that eco-driving style have positive impact to reduces 

fuel consumption, which is signalised in the following works: Barkenbus, (2010), Mensing et al., (2014), 
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Sivak and Schoettle, (2012), Skrucany et al., (2020). Sivak and Schoettle, (2012) demonstrated that an 

estimated for 45% reduction in fuel consumption in road traffic thanks to control of fallowing factors: 

aggressive driving, excessive engine speeds, route selection, engine settings, tire maintenance, air 

conditioning use, excessive idling, extra weight and incorrect engine oil. The influence of driving style on 

fuel consumption is noticeable in many reporting studies and fuel economy has also been achieved through 

the use of eco-driving habits: Sivak and Schoettle, (2012), Suzdaleva and Nagy, (2014), and Synak et al., 

(2018). It should be noted that the efficiency of a vehicle is not constant during its operation, but depends 

on the individual components of the driveline, which are related to vehicle speed and acceleration. 

Mensing et al., (2014) demonstrated that while the fuel consumption of a vehicle driven by eco-driving is 

achievable, the effect of reducing emissions of toxic compounds does not bring such obvious results. 

Barkenbus, (2010) demonstrated that eco-driving is a neglected climate change initiative and following 

the eco-driving policy may reduce fuel consumption by 10%, which in turn will reduce emissions. 

Summing up, it should be stated that the consistent change of the driver's reaction, constant learning and 

the use of eco-driving habits contribute to the reduction of fuel consumption and pollution emissions. 

Delhomme et al. (2013) demonstrated that young and average age drivers showed difficulties in adjusting 

to the style of economic driving, which may result from the reluctance of the respondents to learn and 

change their habits. Šeibokaitė et al., (2019) presented a naturalistic study of the behaviour of drivers on 

urban roads depending on the vehicle brand owned. The study showed that some drivers of a given vehicle 

make (BMW) display a more aggressive driving style than owners of other vehicle manufacturers (e.g. VW, 

Volvo). In urban traffic conditions it is very easy to distract the driver, which in turn may make it difficult 

to use eco-driving habits. In urban traffic conditions it is very easy to distract the driver, which in turn may 

make it difficult to use eco-driving habits. Hudak and Madlenak, (2016) and Madlenak and Hudak, (2016) 

demonstrated the problems with concentration and perception of traffic signs in road traffic. Another 

research in the field of distracting drivers from proper track driving was presented by Tarkowski and 

Rybicka, (2020). Using eco-driving is especially difficult at the very beginning of changing the driving style, 

when we are at the early learning stage. 

Summing up, it can be concluded that the greatest benefits of using the eco-driving style are visible in the 

lower number of brake applications and vehicle stops, which may result from a better analysis of the 

driving situation by the driver. In addition, it was noted a better flow of traffic in relation to the normal 

driving style.  

4 CONCLUSIONS 

This paper presents chosen results of research in the field of eco-driving a passenger car in the urban 
traffic. It has been shown that applicability of the eco-driving technique in urban traffic conditions in so-
called routine route from work to home. The analysis of research results indicate there are no differences 
in parameters such as travel time and average vehicle speed, depending on the driving technique used. 

There was a significant reduction in the number of brakes by approx. 35%, during eco-driving style 
compared to normal driving style. 

There were also differences in the number of stops up to 0 km/h, these values are smaller for the eco-
driving style. Basically, these differences occur in half of the cases during road tests. 

Summing up, it can be concluded that economical driving in urban traffic has great potential and it is worth 
using the eco-driving style in everyday commuting to work or school. Unfortunately, there are factors that 
influence eco-driving habits and it's very easy to distract and revert to old habits. 
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