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Abstract. This paper shows the impact of eco-driving training course on driving behaviour of 7 drivers, analysing two 
internal parameters: Scania Driver Support (SDS) parameter and Fuel Consumption (FC). Data were collected using Sca-
nia Fleet Management System (Scania FMS) over a period of one-year (1 + 2 + 4 + 6 months during the 2015 and 2016). 
Data for these two parameters of all drivers were recorded daily over a one-year period and calculated in average values 
on a monthly basis. A one-year cycle of average monthly ambient temperatures of wider geographical region was adopted 
as the most important external parameter of impact on eco-driving benefits. Longitudinal observation period is divided 
into: one month initial period of establishing the parameter values before the training (one month), short-term with eco-
driving (two months), short-term without eco-driving (four months) and long-term (six months). Significantly higher 
values of SDS parameter (p < 0.05) and significant reduction of FC (p = 0.0310 < 0.05) were established with a higher av-
erage ambient temperature over a short-term period. A partial increase of SDS parameter value (p < 0.10) was established 
over a long-term period but the level of FC reversed to the values as before the training (p = 0.7554 > 0.05). The results 
indicate the potential of eco-driving training that manifests significantly positive effects only in good driving conditions. 
With bad weather conditions that correlate with bad driving conditions, the effects of eco-driving training are supressed 
with increased requirements for safer driving. Primary conclusion of the paper is that the eco-driving training principles 
have an apparent positive effect on reduction of FC and CO2 emission but are at the same time sensitive to environmental 
driving conditions. 
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Notations

Variables: 
DFC – potential monthly reduction of fuel consumption; 
DCO2

 – potential monthly reduction of CO2 emissions;
DEB – potential monthly savings;

Lmin – minimum distance in short-term period.

Abbreviations: 

ANOVA – analysis of variance;
CAN – controller area network;
CPU – central processing unit;

FC – fuel consumption;
GPRS – general packet radio service;

GPS – global positioning system;
Scania FMS – Scania fleet management system;
             SDS – Scania driver support;
            VCI – vehicle connection interface.

Introduction

FC is the biggest component in the total energy consump-
tion in the road transport consumption structure. 

Minimizing FC has many advantages for the driver 
including a reduction in the financial cost and the envi-
ronmental impact. 

The basic classification of these factors is outlined in 
the literature. Odhams et al. (2010) grouped the factors 
that affect the FC of the heavy goods vehicles into three 
categories: external factors (traffic congestion, driver be-
haviour and weather conditions), vehicle design factors 
and logistical factors.

Weather conditions are classified as external factors 
that include a direct or indirect effect of meteorological 
phenomena on FC. The following three categories have 
the biggest impact on FC: environment temperature, air 
pressure and wind. Baker (1994) determined that the FC 
could be higher by 15…20% in the winter compared to the 
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summer in the Europe’s conditions. Weather conditions 
mainly affect FC through the use of additional systems in 
the vehicle (A/C, heating system, water pumps). Due to 
various outdoor temperatures the heating system is used 
which increases the FC from 0.15 to 0.25 L/100 km (Feu-
erecker et al. 2005). 

Ambient temperature can have an effect on all types of 
exterior resistance to the progress of a vehicle. Lower am-
bient temperature leads to a higher air density and greater 
aerodynamic drag (Fontaras, Dilara 2012), which would, 
when driving on a highway, increase the FC by around 
1.3% because of a greater drag (NRCAN 2014). Goodyear 
Tire (2008) determined that the tyre rolling resistance 
could also increase with the speed acceleration but with 
less intensity, and Michelin (2003) determined that the air 
temperature affected the rolling resistance tyre properties. 
According to research TRB (2006) higher air temperature 
causes lower rolling resistance. The studies confirmed 
that lowering of rolling resistance lead to FC savings of 
1…3.5% (Burgess, Choi 2003; ECMT 2005; Smokers et al. 
2006; Continental 2015; IEA 2005).

It was established that the ambient temperature had 
a big influence on the cold start of the vehicle and even 
higher FC during a warm up phase. Other systems that 
also lead to an increase of FC while operating differently 
in the starting conditions and during the warm up phase 
are: engine lubrication system with its components (Haw-
ley et al. 2010), vehicle transmission and exhaust emission 
system (Mock et al. 2012). If the temperature is less than 
20 °C when starting the vehicle it can lead to an increase 
in FC by 6% (Barrand, Bokar 2008; Mock et  al. 2012). 
Cold start has a bigger impact on the FC at shorter dis-
tances rather than at medium and longer distances (Dar-
diotis et al. 2013; DOE–EPA 2019). 

Moreover, Degraeuwe and Beusen (2013) studied 
an impact of ambient temperature on the FC and the 
results of their research showed an increase in FC by 
0.38 ± 0.079% when the temperature was down by 1 °C. 
They determined that the decline of eco-driving training 
effects in the first six months after the course was being 
compensated by the increase of temperature in the spring 
and summer. Thereby, the effect of training is inconstant 
over a longer period and gradually recedes in the months 
after the training. 

The weather conditions such as rain and snow also af-
fect the operation of engines, ancillary systems, resistance, 
and even the FC because of the manner the vehicle is op-
erated. An analysis was conducted in America about the 
effects of rain on the FC of heavy transport vehicles. It was 
determined that there was higher FC when the road was 
wet (Cummins 2012). Rain and snow change the charac-
teristics of the road surface and affect the vehicle rolling 
resistance. The basis of this resistance is a phenomenon 
called “aquaplaning”. Maintaining the same speed on the 
wet road could increase the FC by over 30% (Karlsson 
et al. 2012). In addition, DOE–EPA (2019) showed that 
the snow and ice had an impact on increase in FC because 

of the reduced traction and driving slower than normal. 
Many researchers supported the fact that the eco-driv-

ing training of drivers and influence on driving behaviour 
could be the most efficient intervention for the improve-
ment of FC economy (Af Wåhlberg 2006, 2007; Ericsson 
2001; Evans 1979; Luther, Baas 2011; Scott et  al. 2012; 
Symmons, Rose 2009; Zarkadoula et al. 2007).

Eco-driving is a way of driving styles in a manner that 
minimizes FC and emissions, and also reduces vehicle 
maintenance costs. Eco-driving leads to a significant im-
provement in driving parameters, such as: smooth driv-
ing, acceleration and deceleration mode (Symmons, Rose 
2009), idling time (Rutty et  al. 2013), number of brak-
ing events, driving with vehicle warning, number of gear 
changes (Savković et al. 2016). The primary advantage of 
eco-driving approach is that it can be applicable to any ve-
hicle regardless of its age and size, and it can immediately 
have the effect among the entire fleet vehicles.

The results presented in the literature show a high de-
gree of variability in the reduction of FC after eco-driving 
training. There are a number of peer-reviewed studies 
investigating short-term impacts of eco-driving on FC. 
Basarić et al. (2017) found that driver education resulted 
in approximately 11.71% reduction in FC immediately 
after the training, but (Husnjak et  al. 2015) recorded a 
reduction of FC from as much as 23%. Driver and Vehi-
cle Standards Agency (UK) showed improving of fuel ef-
ficiency by 8.5% after two-hour training (UKERC 2006). A 
study carried out in Sweden indicates the average savings 
of 10.9% in FC after the training (Shaheen et  al. 2012). 
Ford Motor Company (US) claims that there is a 24% 
improvement in fuel economy shortly after the training 
(Green Car Congress 2008). Sullman et al. (2015) showed 
that fuel economy improved by 11.6% immediately after 
the training.

A few studies have presented the long-term effects of 
eco-driving on FC. Af Wåhlberg (2007) monitored reduc-
tion in FC in buses and noted 2% fuel savings over the 
course of one-year after driver training. A yearlong study 
from 2002 held in the Netherlands, with 6000 car drivers 
divided into eco drivers and non-eco drivers, showed a 7% 
fuel savings per kilometre by eco-drivers (SenterNovem 
2005). Beusen et  al. (2009) found that average FC de-
creased by 5.85% four months after the initial eco-driving 
training. 

Eco-driving training was found to be effective in the 
reduction of FC in the short run although a longer-term 
analysis indicates that the impact is reduced over time. 
Barla et  al. (2017) measured the impact of eco-driving 
training session for the period of up to ten months and 
they showed that reductions of FCs faded progressively 
after the training. Namely, fuel efficiency in the city is 
reduced by about half within ten months. Both stud-
ies – Af Wåhlberg (2007) and Zarkadoula et al. (2007) – 
implied that the effect of eco-driving training might be 
decreased in the long run. They reported that eco-driving 
can save 10…15% during training, but this decreases to 
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about 4…5% three months after training and long-term 
savings are about 2%. Wu et  al. (2015) showed that the 
benefit of eco-driving in fuel economy for three taxi driv-
ers increased on average by 19.04% in the short-term 
(immediately after eco-driving training) but decreased 
to 14.41% four months after taking eco-driving training. 
These findings indicate that drivers partially return to a 
less economic driving behaviour, subsequently leading to 
the lower fuel savings after a while. Dogan et al. (2011) 
claim that eco-driving, as a modern and efficient way of 
driving, is difficult to turn into a driving habit because it 
is depend on driving situations.

The key to mitigate climate change in the shortest time 
is to incorporate eco-driving as part of the driving style of 
drivers on the roads to reduce carbon emissions alongside 
with fuel savings. A few researches have shown positive 
effects of eco-driving on the environment and significant 
reduction in CO2 emissions. Husnjak et al. (2015) showed 
that after applying eco-driving style, CO2 emissions were 
reduced by 31% compared to the normal driving. Barth 
and Boriboonsomsin (2009) found it is possible to reduce 
CO2 emissions approximately 10…20% by using eco-
driving. Barkenbus (2010) indicated that eco-driving can 
reduce CO2 emissions from driving by 10%. Rolim et al. 
(2014) also showed the reduction in CO2 emissions after 
the eco-driving education.

Because of all the above, apart from the affirmatively 
justifiable investments in the fleet vehicles in order to re-
duce a total cost of transport companies (Stojić et al. 2018), 
one should invest in eco-driving training. However, the 
ambient temperature has a direct impact on traffic safety. 
At lower temperatures, which correlate with precipita-
tion, wet and slippery road, reduced visibility (rainfall and 
fog), etc., there are variations and speed limits. All these 
phenomena degrade the traffic flow until the occurrence 
of traffic congestion. Detailed analysis of all these phe-
nomena based on a large number of studies was present-
ed by Theofilatos and Yannis (2014). Cited phenomena, 
primarily due to a reduction in average travelling speed 
and variations in speed (forced decelerations and frequent 
accelerations), increase the FC. Under lower temperature 
conditions, risky situations are more frequent. The driv-
ers are familiar with that fact, which significantly changes 
their perception (Li et  al. 2018). The drivers adjust the 
psychomotor driving concept to estimation and the pre-
vention of avoiding the risky situations. 

The eco-driving conditions require drivers’ specific 
psychomotor involvement. This involvement must not im-
pair the safety. It is a common knowledge that eco-driving 
may have a negative impact on safety under different cir-
cumstances, for example, where the safety limits are in 
conflict with the aim of maintaining the constant speed 
(Young et al. 2011). All meteorological phenomena that 
occur in the lower average ambient temperatures are not 
in favour of the basic eco-driving concept. Therefore, it 
is safe to assume that the eco-driving conditions at lower 
average ambient temperatures are limited with making 

safe driving a priority. As a result, the primary benefits of 
eco-driving: FC economy and reduction of CO2 emission, 
cannot be substantiated. 

The present study examines the impacts of eco-driving 
training course (through theoretical and practical train-
ing initiatives) are evaluated by monitoring FC and SDS 
parameter during the one-year observation period. This 
one-year period covered the average ambient temperature 
cycle of a wider geographical region. Thereby, the condi-
tions for research of possible direct and indirect impacts 
of average ambient temperature on eco-driving effects 
were established. 

1. Worldwide eco-driving activities

Eco-driving training was confirmed to be effective in the 
reduction of FC and CO2 emission in the short-term al-
though a longer-term analysis indicated that the impact 
was reduced over time. Very important issue is raised as 
to how to sustain improved driving behaviour over a long 
period of time. The research on long-term effects of eco-
driving is scarce (Af Wåhlberg 2002a), although it has been 
proven that teaching a different driving style can often re-
duce consumption by tens of percent during the training 
(Greene 2008; Af Wåhlberg 2002b), and the economic and 
environmental potential is therefore great. An aptitude 
for a positive change is considerable, if the following is 
to be involved: a well-founded campaign, state-of-the-art 
education, use of feedback devices, fiscal incentives and 
norm reinforcement (Beusen et al. 2009; Barkenbus 2010). 
Accordingly, McIlroy and Stanton (2015) claimed there is 
necessity for both government and industry involvement 
with the prior understanding of how the people compre-
hend eco-driving, and what they already know of it.

A good practice in European Union shows that regu-
lations already require eco-driving to be taught to nov-
ice drivers. As part of their national strategies for the 
reduction of CO2 emissions, several European countries 
as well as Japan also included the eco-driving programs 
(ITF 2007). Barkenbus (2010) highlights that in the US, 
eco-driving as a style that changes driving behaviour, be-
comes the norm. The US Government has defined eco-
driving programs and measures to achieve major savings, 
to overcome low public expectations of success. This can 
be accomplished through implementation interstate speed 
limit and influencing public awareness through informa-
tion campaigns and highlighting the cost savings that can 
be achieved. In addition, government monetary assistance 
to individuals for the purchase feedback devices in their 
vehicles can have a positive impact on savings. Another 
measure of the US Government contributing to this is al-
lowing eco-driving programs free and available to drivers 
whose costs will be paid by the automobile industry and 
the government.

Researchers believe the use of eco-driving feedback 
devices can significantly affect driving behaviour unlike 
driver education. Harvey et al. (2013) claim the introduc-
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tion of eco-driving feedback devices into new cars may be 
very useful for changing driver behaviour. Honda (Japan) 
installed Eco Assist  dashboard in its Insight vehicle so 
the drivers could have an estimate on how to successfully 
reach the maximum FC performance (The Spec 2009). 
The drivers can check the records on fuel economy in-
stantly as well as over the duration of an entire trip. Nissan 
(Japan) vehicles are equipped with colour-coded horizon-
tal bar for FC measurement that changes its length and 
colour depending on driver’s behaviour (Woodyard 2007). 

McIlroy and Stanton (2015) suggest that eco-driving 
information system should be applied to novice eco-
driver and should support the behaviours themselves that 
characterise fuel-efficient driving. Based on the literature 
review, the authors have identified different activities (de-
celeration to lower speed, deceleration for road curvature, 
deceleration full stop, acceleration, headway maintenance) 
that have the most significant effects on fuel economy of 
the road vehicles. These activities were modelled and the 
models were considered as support to drivers, particularly 
those currently lacking in eco-driving expertise.

However, when transporting hazardous materials, 
where the driving conditions are predefined and the big-
gest emphasis is placed on selection of the route with the 
lowest risk size (Ebrahimi, Tadic 2018) and maximum 
speed limit, the use of eco-driving tips in the urban areas 
is limited.

2. Methodology

2.1. Participants

Eco-driving training and education of drivers in transport 
companies that are using Scania FMS on the territory of 
the former Yugoslavian Republics (Bosnia and Herzego-
vina. Montenegro, Croatia, Republic of North Macedonia, 
Slovenia and Serbia) is being conducted in the laboratory 
of the company Scania in Ljubljana (Slovenia). The size 
of the group was limited by the capacity of the labora-
tory (8 posts). Eco-driving training course is evaluated 
by monitoring parameters: FC, CO2 emissions and SDS 
parameter of a group of 7 drivers who voluntarily agreed 
to be monitored during the one-year longitudinal study 

whereby are showing the daily operating parameters re-
cords through monthly average. They were all professional 
truck drivers who have not had any previous experience 
with eco-driving.

2.2. Test vehicle

For eco-drive test, testing and measuring of the defined 
indicators were performed on the combination of truck 
Scania R410 LA4X2MNA  and semitrailer Schmitz .

2.3. Test route

The chosen route has a length of 50 km and contains 
various network categories (urban, rural and highway) 
to ensure more realistic conditions and to illustrate bet-
ter advantages of the use of Scania FMS (Table 1). Every 
driver travelled the same route twice in order to avoid de-
viations in FCs due to different travelling distances: first 
while driving normally (before eco-driving training) and 
second after eco-driving training with an instructor.

2.4. Scania FMS

Scania FMS  is the factory service devised to provide a 
follow-up of the driver and vehicle performances. In order 
to use the Scania FMS services, it is necessary to have a 
Scania Communicator C200  telematics unit (Figure 1) in-
stalled in the vehicle, which transfers data between the ve-
hicle and the office without driver interaction (Figure 2).  
This unit consists of several circuits that are connected to 
the CPU, which keeps the system running and handles 
all data exchange within the platform. To keep track of 
the vehicle, a GPS receiver provides the C200 with vehi-

Figure 1. Scania Communicator C200   

Table 1. Testing route

Testing route Distance [km] Characteristics Comment

Šmarjeta – Novo Mesto
(road number 448) 12 regional road;

passing through settlements roundabouts

the driver has a better possibility to get 
acquainted with anticipation and timely 
braking

Novo Mesto – Trebnje
(highway A2) 13

highway;
entrance to the roundabouts and exit of 
the roundabouts

the driver has a possibility to evaluate the 
right following distance and select the 
highway speed

Trebnje – Novo Mesto
(highway A2) 13

highway;
entrance to the roundabouts and exit of 
the roundabouts

the same route in return

Novo Mesto – Šmarjeta
(road number 448) 12 regional road;

passing through settlements roundabouts the same route in return
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cle position and speed. Data readings and writings from 
the local CAN bus is done through a CAN interface that 
supplies the platform with information about the vehicle 
speed and other parameters available on the bus. The actu-
al telecommunication unit is a GPRS modem that handles 
all data traffic between the vehicle and the office.

The software is refreshed periodically and the latest 
version is updated in the vehicle with the diagnostic soft-
ware SDP3 (Scania Diagnos & Programmer). This software 
works only with Scania VCIs (VCI 2 and VCI 3 – diagnos-
tic interfaces for connection with vehicles) and is compat-
ible with the latest Scania trucks and engines.

2.4.1. SDS

Scania Driver Support  as part of Scania FMS provides 
real-time hints and feedback to the drivers during driv-
ing and aims to assist the drivers in developing a driving 
style that reduces FC, emission and wear on the vehicle. 
This method of driver behaviour evaluation is a support 
for the driver in maintaining the skills developed through 
training over a longer period of time. 

SDS is based on the skills acquired during driver train-
ing and includes four assessment categories (Figure 3): 

 – hill driving: evaluates how the accelerator pedal and 
vehicle’s momentum are utilised in varying topogra-
phy;

 – anticipation: heavy accelerations and decelerations, as 
well as the interval between accelerating and braking, 
are used to assess how well the driver anticipates dif-
ferent situations;

 – brake use: evaluates the frequency and harshness of 
brake applications;

 – choice of gears: matches gear selection and engine 
revolutions to save fuel.

SDS continually analyses data from various sensors on 
the vehicle to monitor driver performance. The system as-
sesses driving and the driver’s average score is displayed in 
percentage for each category. They are also added together 
in an average score (Figure 4) as shown graphically. The 
average score is calculated for all driving results that are 

recorded in all categories, even if one category is activated 
only briefly. 

The higher SDS value shows greater possibility for 
lower vehicle amortization and lower vehicle maintenance 
costs (less brake system wear, less engine wear, etc.) and 
lower transport company operating costs.

2.5. The data evaluation

For data evaluation, it was used the post-hoc Duncan’s 
multiple range test for ANOVA of SDS parameter, CO2 
emission and FC by factors: Time (months) and distance 
(km⋅1000). Nevertheless, to determine the dependence 
between FC and CO2 emission during the observation 
period, it was used a linear correlation. 

The analysis was carried out using statistical program 
Microsoft Statistica version 12.

2.6. Training

Eco-driving training and education of 7 drivers were 
conducted in the period from May through June 2015 in 
Ljubljana (Slovenia). All drivers attended two-day training 
sessions over the same two-month period. The eco-driving 
training consisted of 3 phases:

 – phase I: the first test drive was done on a predefined 
route with drivers driving in their unique style prior 
to application of eco-driving advices and guidelines. 
This serves as a control point of comparison with the 

Scania 
Communicator

GPS

GPRS/3G

Scania server

Internet

Users

Figure 2. Scania FMS architecture

Figure 3. Average driving results display according to the SDS

Figure 4. Average score

Hill driving Brake usage Anticipation Choice of gears

31% 55% 48% 8%

rpm

Driving tips

0 50 100AVE

64%
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subsequent second test drive to assess the potential of 
fuel savings, reduction of CO2 emission and SDS in-
creasing made via eco-driving training. After this test 
drive, the measurements were collected by Scania FMS; 

 – phase II: after phase I, a two-hour theoretical eco-
driving training was carried out. The results of the 
first test drive were presented to the drivers and they 
were given information and advices on how and 
where the savings could be achieved and what they 
meant for the drivers, the company owner and the 
vehicle. Advices were related to: number of braking 
events reduction, the proper distance between ve-
hicles, shifting up gears early, use of vehicle inertia, 
idling time reduction, harsh deceleration and ac-
celeration reduction, checking tire pressures before 
driving, etc.; 

 – phase III: upon completing theoretical education 
phase, the drivers conducted the second test drive 
on the same route the first test drive was carried out. 
Basically, the second test drive denotes the modified 
driving style with the incorporation of eco-driving 
tips. 

During this test drive, the instructor was in the vehicle 
and he was actively involved in the driver’s decision-mak-
ing. When the drivers did not implement the knowledge 
acquired during theoretical training, the instructor was 
giving suggestions and advices, 

When comparing the first and second test drive, the 
changes were detected after the implementation of fuel-ef-
ficient driving suggestions. No further instructions or feed-
back was provided to participants after the training day.

After phase III, the findings were discussed with the 
drivers and they were given instructions for further im-
provement. The results of the entire observation period 
are presented in Figure 5 and Table 2. 

3. Results and discussion
The driving results for 7 drivers were analysed in the short 
period and the long period after the training, compared 
to the period before the training, using 3 parameters: (1) 
FC, (2) CO2 emission, (3) SDS parameter. The results indi-
cated that the benefits of eco-driving are most prominent 
immediately after the training. As time after completion 
of the training passes, its benefits decrease. 

Separation of monitoring period to short-term and 
long-term impacts of eco-driving is adopted on the basis 
of the established FC economy results regardless of the 
average monthly values of ambient temperatures, and will 
be further illustrated. 

The study had the following time arrangements (Ta-
ble 2):

 – pre-course period: 1–30 April 2015;
 – short-term impacts of eco-driving with eco-driving 
training: 1 May – 30 June 2015;

 – short-term impacts of eco-driving without eco-driv-
ing training: 1 July – 30 October 2015;

 – long-term impacts of eco-driving: 1 November 
2015 – 30 April 2016.

Table 3 shows the average SDS parameter values 
per months and the results of the post-hoc Duncan’s 
test for ANOVA. The average SDS parameter value was 
SDS(0) = 65.57% before training and this value is adopted 
as a reference for the statistical analysis of SDS values. It is 
obvious that the drivers enter a training process with a low 
average value of SDS parameter, however, the parameter 
value increases during training, reaching its maximum 
in the second month after the training with the average 
SDS(4)  =  77.14% value, and the third month after the 
training with the average SDS(5) = 76.71% value. These 
two average values significantly differ in comparison to 
the average SDS value before the training, p(4) = 0.0384 
and p(5) = 0.0453 respectively. Significant increase in SDS 
values points to the fact that the training made a signifi-
cant progress in the way driving is approached during 
those two months. In the long-term, the SDS parameter 
values are constant and permanently higher than the ini-
tial values. However, whilst the SDS values in the long-
term are higher than the initial and the values achieved 
during training, they are not significantly different accord-
ing to the variance analysis.

Obtained result favours utilization of eco-driving 
with the p = 0.05. This certainly raises a question about 
the consistency of the effects of training, which achieves 
the best effects after the training during the months of 
July and August. However, if the p = 0.10 is adopted, the 
significant effects are already achieved during training 
in June, reaching its maximum after the training during 
the months of July and August, and then losing its effect 
during the period from October through December, only 
to appear again during the period from January through 
March. Sensibility of driving characteristics, accelera-
tion, braking and speed excesses, known as “driving er-
rors” with eco-driving training, was established by Díaz-
Ramirez et al. (2017). These driving errors are identical 
to categories evaluated by SDS parameter. The researchers 
ascertained that the reduction of driving errors up to 96% 
was feasible with the implementation of eco-driving train-
ing, which would then achieve the FC savings. 

Table 4 shows comparison of average monthly FC val-
ues per time factor. It is performed using the post-hoc 
Duncan’s test for ANOVA. ANOVA points in August 
with a minimum of FC(4)  =  25.64  L/100  km, whereas 
the extreme maximum values are achieved in Novem-
ber and December with the average consumption of 
FC(4)  =  25.64  L/100  km and FC(8)  =  28.62  L/100  km, 
respectively. It is evident that the FC minimum does not 
have any significant differences with the previous monthly 
periods (May, June and July) and consecutive monthly pe-
riods (September and October) but it does have with the 
months during winter. We determined that in the fifth 
month after the training (month 7), the drivers return to 
their old driving habits with the same FC as in the period 
before the training. Obtained results point out to the pos-
sible impact of meteorological factors, and primarily, the 
impact of ambient temperature on the average FC. 
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Table 2. Sum of research data before and after eco-driving training
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Ap
ril

 2
01

6

1

SDS1 62 64 65 63 63 65 64 65 64 64 64 63 63 63.83
FC2 28 26.2 27.5 26 25.6 28.4 27 29.4 27.7 29.2 30.9 28.4 29 29.10
CO2 emission3 0.76 0.70 0.74 0.70 0.69 0.76 0.73 0.79 0.74 0.79 0.83 0.76 0.78 0.78
Distance4 11.9 10.5 11.9 12.3 10.7 12.3 12.9 13.0 8.9 10.3 11.1 10.1 9.9 10.55

2

SDS 60 79 94 88 86 85 84 84 79 76 77 79 78 78.83
FC 28.6 27.2 24.9 26.4 25.1 25.1 27.8 26.1 29.3 27.5 27.6 28.7 29.2 28.07
CO2 emission 0.77 0.73 0.67 0.71 0.67 0.67 0.75 0.70 0.78 0.75 0.74 0.76 0.78 0.75
Distance 13.5 8.1 12.4 11.5 10.1 12.3 12.2 12.8 9.3 11.4 9.8 8.5 9.6 10.23

3

SDS 77 80 81 79 87 86 85 85 74 77 78 77 81 78.67
FC 28 28.4 26.2 27.7 25 26.7 27.2 29.9 30.5 28.5 29 28.1 30.1 29.35
CO2 emission 0.77 0.73 0.67 0.71 0.67 0.67 0.75 0.70 0.78 0.75 0.74 0.76 0.78 0.75
Distance 12.9 9.9 12.5 10.9 8.9 13.9 14.3 12.1 8.2 10.9 9.8 10.6 10.1 10.28

4

SDS 68 73 88 90 82 83 64 61 62 84 84 87 83 76.83
FC 27.5 26.6 26.8 26.5 28.2 27.9 28.2 29.2 29.4 27.1 27.6 28.4 28.1 28.30
CO2 emission 0.74 0.71 0.72 0.72 0.75 0.75 0.76 0.79 0.79 0.73 0.75 0.76 0.75 0.76
Distance 13.5 10.1 13.5 13.0 6.5 13.9 13.3 10.9 10.9 10.6 8.0 8.4 11.8 10.1

5

SDS 66 64 65 67 79 81 78 77 79 77 76 79 74 77.00
FC 26.6 26.4 27.7 27.1 25.7 26.7 25.8 30.8 29.9 28 26.4 30.8 28.7 29.10
CO2 emission 0.71 0.71 0.75 0.73 0.69 0.72 0.70 0.83 0.80 0.75 0.71 0.83 0.77 0.78
Distance 12.6 12.0 12.7 7.5 11.7 11.3 12.2 12.5 8.6 9.1 11.0 11.5 8.8 10.25

6

SDS 67 66 68 76 77 74 73 73 73 74 74 73 73 73.33
FC 25.8 24.1 25.1 23.5 23.9 24.8 25.3 25.9 26.5 25.2 26.1 23.4 24.8 25.32
CO2 emission 0.70 0.65 0.68 0.63 0.64 0.67 0.68 0.70 0.71 0.67 0.69 0.63 0.67 0.68
Distance 13.5 11.3 11.7 12.5 5.9 12.7 11.5 11.2 10.5 10.4 9.5 9.9 10.9 10.40

7

SDS 59 61 67 66 66 63 65 67 68 69 71 66 68 68.17
FC 29.3 28.5 24.7 25.3 26 26.5 24.1 27.2 27.1 26.7 27.8 24.5 26.2 26.58
CO2 emission 0.79 0.77 0.67 0.68 0.70 0.72 0.65 0.73 0.73 0.72 0.74 0.66 0.70 0.71
Distance 12.0 10.4 11.7 13.1 8.9 12.3 12.0 10.7 11.8 9.6 8.2 9.4 11.5 10.20

Av
er

ag
e

SDS 66 70 75 76 77 77 73 73 71 74 75 75 74 73.67
FC 27.7 26.7 26.2 26.0 25.6 26.6 26.5 28.4 28.5 27.5 28.0 27.5 27.9 27.97
CO2 emission 0.74 0.72 0.71 0.70 0.69 0.72 0.71 0.76 0.77 0.74 0.75 0.73 0.75 0.75
Distance 12.9 10.3 12.3 11.5 9.0 12.7 12.6 11.9 9.7 10.3 9.6 9.8 10.4 10.28
Monthly 
temperature5 10 15 18 20 19 16 10 3 1 0 3 5 10 3.67

Notes: 1driver’s average score [%]; 2average FC [L/100 km]; 3average CO2 emission [kg/km]; 4average distance [km ⋅103]; 5average 
monthly temperature [°C] (ARSO 2018).
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FC and CO2 emission correlate. Consequent simi-
larity can be found in the linear correlation (CO2  = 
0.00346 + 0.02676 ⋅FC) with the high correlation coeffi-
cient r = 0.99822. Value with variable FC is 0.02676, which 
is consistent with the standard value of CO2 emissions/L 
of fuel (density of 0.85 g/cm3) of ≈2.7 kg. Because of con-
firmed high functional linear dependency between FC 
and CO2 emission, it is adequate to choose just one out of 
these two functional variables from the analysis about the 
impact of Eco-driving effects. Average FC was selected for 
the reference variable.

Figure 5 shows a two-dimensional dependency of vari-
able FC functioning as independent variables: time and 
distance. It is obvious in the graphic that the position of 
minimum does not change with the distance covered and 
that the values of the average FC are invariant from dis-
tance. This way, the possible impact of distance on average 

FC, is ruled out. Because of assumption about the possible 
impact of ambient temperature on FC, approach to this 
analysis is discussed further in the paper. 

Figure 6 shows synchronously indicated values of FC 
and average ambient temperature in comparison to the 
time period of eco-driving study. A visually distinctive 
inverse ratio between these two functions can be seen in 
the graphic. High values of average ambient temperature 
are found in the FC minimums, and the values of the low-
est ambient temperatures are found at the highest values 
of the average FC. This system of values emphasizes the 
strong impact of ambient temperature on the average FC 
and thereby, indirectly, on the effects of training drivers 
on eco-driving.

However, in Table 3, the ANOVA of SDS parameter 
value with p-value (p = 0.10) verifies a significant impact 
of training, that is absent during the period from October 

Table 3. p-values from post-hoc Duncan’s test for ANOVA for all average monthly values of the SDS parameter during the observed period

Pre-training
Short-term impacts 
of eco-driving with 

training

Short-term impacts of eco-driving 
without training Long-term impacts of eco-driving
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[month]
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SDS [%] 65.57 69.57 75.42 75.57 77.14 76.71 73.28 73.14 71.28 74.42 74.85 74.85 74.28
p-value – 0.3859 0.0741 0.0718 0.0384 0.0453 0.1392 0.1367 0.2451 0.0994 0.0904 0.0873 0.1001

Table 4. p-values from post-hoc Duncan’s test for ANOVA for all average monthly values of the FC during the observed period

Pre-training
Short-term impacts 
of eco-driving with 

training

Short-term impacts of eco-driving 
without training Long-term impacts of eco-driving

Time 
[month]
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FC 
[L/100 km] 27.68 26.77 26.12 26.07 25.64 26.58 26.48 28.35 28.62 27.45 27.91 27.47 28.01

0 0.3379 0.1211 0.1119 0.0446 0.2605 0.2279 0.4824 0.3356 0.8039 0.7902 0.8030 0.7209
1 0.3379 0.5013 0.4756 0.2572 0.8289 0.7562 0.1143 0.0662 0.4255 0.2422 0.4460 0.2115
2 0.1211 0.5013 0.9470 0.5972 0.6190 0.6777 0.0291 0.0145 0.1729 0.0778 0.1764 0.0646
3 0.1119 0.4756 0.9470 0.6180 0.5909 0.6523 0.0261 0.0128 0.1627 0.0711 0.1645 0.0587
4 0.0446 0.2572 0.5972 0.6180 0.3356 0.3773 0.0080 0.0035 0.0697 0.0260 0.0707 0.0207
5 0.2605 0.8289 0.6190 0.5909 0.3356 0.9074 0.0803 0.0446 0.3425 0.1811 0.3533 0.1559
6 0.2279 0.7562 0.6777 0.6523 0.3773 0.9074 0.0667 0.0363 0.3083 0.1559 0.3139 0.1328
7 0.4824 0.1143 0.0291 0.0261 0.0080 0.0803 0.0667 0.7521 0.3674 0.6300 0.3660 0.6899
8 0.3356 0.0662 0.0145 0.0128 0.0035 0.0446 0.0363 0.7521 0.2462 0.4547 0.2452 0.5038
9 0.8039 0.4255 0.1729 0.1627 0.0697 0.3425 0.3083 0.3674 0.2462 0.6329 0.9868 0.5706

10 0.7902 0.2422 0.0778 0.0711 0.0260 0.1811 0.1559 0.6300 0.4547 0.6329 0.6300 0.9074
11 0.8030 0.4460 0.1764 0.1645 0.0707 0.3533 0.3139 0.3660 0.2452 0.9868 0.6300 0.5704
12 0.7209 0.2115 0.0646 0.0587 0.0207 0.1559 0.1328 0.6899 0.5038 0.5706 0.9074 0.5704
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through December, only to appear again in January, Feb-
ruary and March. It should be noted here that the impact 
of training on SDS is emphasized in the month of mini-
mum ambient average temperature (January). This directs 
us at the synergic impact of eco-driving and average ambi-
ent temperature. 

A functional relation between the time, as indepen-
dently variable, and FC, as dependently variable, is de-
termined with a 4-degree equation and the correlation 
r  =  0.8806 (R2  =  0.7755). The first derivative of a func-
tion (Equation (1)) has a minimum in value x = 2.66254 
months. 

( ) ( 4 30.001 0.050f x x x′ = ⋅ - ⋅ +

)20.541 1.893 27.9 0x x ′⋅ - ⋅ + = .  (1)

Figure 7 illustrates applied quadratic function of av-
erage ambient temperature and average FC. Applied 
quadratic function ( ) 20.005 0.016 28.04cf T T T= - ⋅ - ⋅ +   [L/100 km] is rated with the high correlation coefficient 
R2 = 0.767. This function has the synergic impact of eco-
driving effect and the impact of average ambient tempera-
ture. Obtained results are in accordance with the previous 
research Degraeuwe and Beusen (2013), which originally 
established the impact of average ambient temperature on 
FC in driving conditions.

On the basis of this function (Figure 7), an estimate on 
theoretical values of the average FC with absolute impact 
of temperature without presumed impact of eco-driving 
can be made. Values of the theoretical FC fct are obtained 
directly from the quadric function with the conversion of 
average ambient temperatures. By forming this dependent 
variable, we get a comparative basis for testing of average 
FC. Empirical values of FC fce are existing established val-
ues of average FC (Table 2). Average values of empirical 
and theoretical FC are calculated for short-term and long-
term period. Results are shown in Table 5. 

By utilizing post-hoc Duncan’s test for ANOVA of em-
pirical and theoretical average values of FC in the short-
term and long-term period, the following results were 
obtained: 

 – between the average values of empirical FC (26.277 ± 
0.412 L/100 km) and theoretical FC (26.747 ± 0.434 
L/100 km) in the short-term period, a significant dif-
ference was established, p = 0.0310. In the empirical 
conditions of eco-driving, the average FC was signifi-
cantly lower regardless of the impact of temperature;

 – between the average values of empirical FC (27.968 ± 
0.467L/100 km) and theoretical FC (27.904 ± 0.1531 
L/100  km) in the long-term period, no significant 
difference was established, p = 0.7554. There was no 
difference in the average FC in the long-term period, 
regardless of the impact of temperature.

Figure 5. FCs a function of distance and the time (3D space)

Figure 6. Distribution of FC (correlation function) and average monthly temperature
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This is also the base for declaration of long-term and 
short-term eco-driving periods. If we take into account 
that, between the average value of empirical FC in the long-
term period (27.97 L/100  km) and initial consumption 
value before the training in April 2015 (27.70 L/100 km), 
no significant difference is established, p = 0.2606 > 0.05, a 
conclusion can be drawn that the impact of driver training 
is completely lost in the long-term period.

3.1. Economic benefits

Assessment of the fuel savings allows calculation of the 
economic advantages for a transport company. With the 
characteristic parameters, for each driver who completed 
the eco-driving training course, can be calculated the 
month savings. In order to save in FC a difference between 
the empirical and theoretical values in the short-term 
period can be adopted, and it is D  =  26.747 -  26.277  =   
0.47 L/100 km.

With differential equation in FC of 0.47 L/100  km 
and with an average covered distance of 11003  km for 
all drivers, an average monthly FC saving of 57.7141 L 
(Equation (2)) could be achieved, i.e. 46.543 EUR/veh for 
the price of 1 L of fuel 0.9 EUR. At the same time, CO2 

emission would be reduced to around 139.628 kg on av-
erage during a month (Equation (3)), that would amount 
to around 19.548 EUR/veh considering the price of CO2 
rehabilitation of 140 EUR/t (Tanackov et al. 2011). In that 
respect, total monthly savings for FC and CO2 emission 
would amount to 66.091 EUR/veh. For short-term peri-
od, in this case 6 months, and the cost of driver training 
in the amount of 250 EUR, the training participation in 
the monthly period is 250/6 (Equation (4)), which corre-
sponds to the savings for the average distance of 11003 km.  
In this case, the following monthly savings per vehicle are 
made. 

( )
( )26.747 26.277

11.003 51.7141
100FC vehicle
-

D = ⋅ =  [L/veh];

 (2)

( )2CO  51.7141 2.7 139.628vehicleD ≅ ⋅ =  [kg/veh];  (3)

( )
25066.091 24.394

6EB vehicleD = - =  [EUR/veh].  (4)

Generally, all savings are reduced to mileage. In the 
short-term period, with the impact of eco-driving, the fol-
lowing results for FC economy (Equation (5)), CO2 emis-
sion (Equation (6)) and economic benefits are obtained 
(Equation (7)). 

( )km
26.747 26.277 0.0047

100FC
-

D = =  [L/km];  (5)

( )2CO km  0.0047 2.7 0.01269D ≅ ⋅ =  [kg/km];  (6)

( )km 0.0047 0.90 0.01269 0.378 0.00903EBD = ⋅ + ⋅ =

0.00903 [EUR/km].  (7)

Based on economic benefits data (Equation (7)), the 
minimum obtained mileage Lmin a driver has to complete 
in the short-term period in order to justify the training 
investment of 250 EUR (Equation (8)):

min
250 27685.49

0.00903
L = =  [km].  (8)

The utilization of Lmin in the case of a short-term peri-
od of 6 months and 11003 km completed by each driver or 
66018 km in the short-term period indicated that 41.94% 

Figure 7. FC as a function of average monthly temperature 
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Table 5. Empirical and theoretical values of average FC in the overall observation period with average ambient temperature
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Period Short-term impacts of eco-driving Long-term impacts of eco-driving
Average temperature [°C] 15 18 20 19 16 10 3 1 0 3 5 10
fce [L/100 km] 26.77 26.12 26.07 25.64 26.58 26.48 28.35 28.62 27.45 27.91 27.47 28.01
Average of fce 26.277 ± 0.412 27.968 ± 0.467
fct [L/100 km] 27.10 26.70 26.40 26.56 26.97 27.60 27.96 27.99 28.00 27.96 27.90 27.60
Average of fct 26.747 ± 0.434 27.904 ± 0.1531
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of covered distance was needed to justify the investment 
in the training. If we accept that the significant impact of 
training is 6 month period, the minimum average month-
ly mileage that secures profitability of investment in driver 
training is 4614.28 km or 153.81 km/day. 

Obtained results, above all, recognize the impact of en-
vironmental temperature, which includes synthetic impact 
of bad driving conditions on FC. Calculated savings with 
eco-driving are exact but approximately five times lower, 
on average, than in the previous studies. 

Zarkadoula et al. (2007) have calculated that the annu-
al savings based on the characteristic parameters for each 
bus would be 1697 EUR amounting to 2884900 EUR over 
the 1700 bus fleet. Barić et al. (2013) have shown that the 
annual savings, after training of one commercial vehicle, 
would be 1505 EUR amounting to 2257500 EUR/year over 
the 1500 vehicles in the fleet.

Conclusions

The paper focused on th`e influence of driver training and 
ambient temperature on FC and SDS parameter.

The obtained research results confirm a positive ef-
fect of eco-driving concept, but also a high sensitivity of 
these effects on the ambient conditions of driving. Effects 
of eco-driving are not permanent and are significantly 
degraded by the bad weather driving conditions. In addi-
tion, it is established that the effects of eco-driving do not 
depend on the covered distance but on the elapsed period 
from the start of training. Economic and ecological effects 
are positive and justify the investment in drivers’ training. 
This rationalizes the proposition about the periodical eco-
driving conditioning of drivers. 

As per obtained results, the assumptions can be made 
that even in good environmental conditions there are fac-
tors, which suppress the effects of eco-driving. For exam-
ple, during traffic congestion, heavy cargo vehicles adjust 
speed variations with difficulty. Furthermore, variable 
characteristics of the route (bends, uphill, downhill) can 
dictate the driving conditions, which do not meet the ba-
sic principles of eco-driving. Therefore, it is safe to assume 
that the introduction of the trained drivers with the geo-
metrical characteristics of the route in advance contributes 
to the optimal use of eco-driving tips. A conclusion can 
be drawn that the external driving conditions are principal 
for achieving the positive eco-driving effects. In this paper, 
it was only established for the ambient temperature. For 
further research on impact of temperature on eco-driving 
effects, the next research plan is recommended. It should 
be conducted over a minimum one-year period with three 
groups of drivers without previous eco-driving experience. 
These groups should have previously established signifi-
cantly same initial SDS parameter values. First group are 
drivers who will not attend eco-driving training. Second 
group are drivers who will attend the eco-driving train-
ing only at the beginning of the observation period. Third 
group are drivers who will attend the eco-driving training 
at the beginning and then sporadically during the obser-

vation period. SDS parameter values should be recorded 
for all three groups of drivers during the entire research 
period. Regular recording of average ambient temperature 
will establish the comparative basis for precise substantiat-
ing of eco-driving effects. 
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