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1.  Introduction

Methods of road pricing are significantly changing in Europe 
in recent years. Most states have substituted the method of road 
charging in the form of vignettes for the performance-based 
method of road pricing. In the case of the performance-based 
method of road pricing, the fee amount does not depend on time 
validity of vignettes but it depends on the actual distance travelled 
within toll road infrastructure [1]. Since 2005, the method of road 
network pricing has been changed, for example, in Germany, 
Austria, the Czech Republic, the Slovak Republic, and Hungary. 
Changes in the system of road pricing can be also observed in 
non-EU states (e.g. Belarus). Under this method of road pricing, 
road transport operators (carriers) usually bear higher costs for 
using road network, and they can also consider a possibility to 
use non-tolled road infrastructure when planning transport or 
to use roads with lower fees [2]. The amount of fees for using 
road infrastructure is regulated by Directive 1999/62/EC in the 
European Union. The Directive provides a methodology for 
calculating fees for using road infrastructure without consideration 
of the possibility of using a parallel non-tolled road by the carrier 
[3]. When charging road infrastructure, there are also approaches 
that take into account a decision-making process from the 
position of carriers. Such approaches are addressed by several 
authors, for example, Vadali et al. (2007) [4]. The objective of 
this paper is to show the impact of road infrastructure pricing 

on a decision-making process of carriers while planning a route 
of transport. The objective is also to elaborate a methodology 
for determination of the economically acceptable system of road 
pricing from the perspective of carriers. By using such system it is 
possible to determine a toll rate threshold when the carrier prefers 
toll roads based on economic efficiency.

2.  Factors affecting carriers’ decisions when planning 
a route of transport

A route choice in road freight transport is the result of various 
factors that were addressed by several authors. These factors 
include, for example, route attributes, level of congestion, toll 
fees, fuel costs, time of carriage (travel time), speed, and vehicle 
operating costs. Table 1 summarises the results of studies which 
deal with the factors affecting a route choice.

Factors affecting a route choice made by transport companies 
[5], [6], [7], [8], [9] and [4] 

Based on the results of processed studies, it can be stated 
that the most important factors are travel time, fuel costs and toll.

Travel time is the most important factor while deciding on 
a transport route, particularly because legislation stipulates the 
maximum driving time of drivers within a given period [10]. 
Table 2 provides a comparison of the stipulated working hours 
of drivers in individual countries. Maximum daily driving time 
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Fuel costs represent a significant cost item of the road freight 
transport operators. Table 3 provides the average proportion of 
fuel costs for the carriers operating in the USA compared to 
those operating in the EU. The proportion of fuel costs was at 
a comparable level of the total direct costs in the USA and the 
EU, in 2008; while the total direct costs did not contain the fees 
for using road infrastructure. Fuel costs represent a proportion 
of more than one third of the total direct costs of carriers. Two 
approaches arise when deciding on a transport route and ensuring 
the operation efficiency:
• In relation to variable costs – carrier prefers the shortest route 

of transport or transport route which does not lead through 
challenging mountain routes. If a shorter route leads through 
non-tolled infrastructure, carrier will prefer to use this route.

• In relation to fixed costs – carrier prefers the fastest transport 
route from the reason that fixed costs per unit are lower in 
the case of higher performance. Carrier prefers superior, 
faster, road infrastructure where probability of congestion 
formation is lower.

in individual countries is regulated in the interval from 9 hours 
in the EU to 15 hours in Canada (the northern part of the 
country, maximum daily driving time in the southern part of the 
country is 13 hours). Similarly, maximum weekly driving time 
or maximum driving time within two consecutive weeks is also 
regulated. Moreover, minimum daily and weekly rest period are 
stipulated in the analysed countries. Drivers cannot drive during 
the mentioned rest periods and a vehicle must be stationary if 
a driver draws the rest period in the vehicle.

When taking into account the mentioned restrictions, carriers 
prefer the shortest travel time due to the possibility to deliver 
the greatest number of shipments within the limited period of 
time, and from the reason of realisation of maximum vehicle 
performance that is possible within limited period of time. The 
mentioned statement was also stated in [4], [11], [12], [13] 
and [14]. This means that carriers will prefer a superior road 
infrastructure (toll roads) in terms of higher vehicle utilisation 
and they will be willing to pay the fees for its use unless the 
amount of fees is higher than the benefits associated with faster 
carriage performed on that infrastructure.

Factors affecting a route choice made by transport companies [5], [6], [7], [8], [9] and [4] Table 1

Authors of studies
Knorring et al 

(2005)
Golob and 

Regan (2001)
Bain (2002)

Yalcin et al 
(2005)

Zyl and Raza 
(2006)

Vadali et al
(2007)

Region USA
Los Angles 

(USA)
International 
experience

Japan
India, South 

Africa
USA

Driver’s decision ü ü

Manager’s decision ü

Driver wage / income ü

Route attributes ü ü

Congestion ü ü ü

Toll ü ü

Fuel costs ü ü ü

Speed ü ü

Travel time
(reliability uncertainty) ü ü ü ü

Vehicle operating costs ü

Regulation of driving time and rest period in individual analysed countries [15] Table 2

Requirement EU USA Canada1 Australia New Zealand

Continuous driving time 4.5 h 8 h 13/15 h 5.25 h 5.5 h

Break 45 min 30 min - 15 min 30 min 

Daily driving time 9 h 11 h 13/15 h 12 h 13 h 

Daily rest period 11 h 10 h 10/8 h 7 h 10 h 

Weekly driving time 56 h 70 h 70/80 h 72 h 70 h 

Weekly rest period 45 h 34 h 36 h 24 h 24 h 

Fortnightly driving time 90 h 148 h 147 h 144 h 166 h 
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likelihood of the use of parallel non-tolled infrastructure of lower 
category by the carrier is increasing with the increasing costs of 
toll. In the case of higher toll for using road infrastructure, the 
carrier is willing to endure a higher level of fuel costs (longer 
route) and unit fixed costs associated with the use of a parallel 
non-tolled road. However, the whole-society problem is that 
vehicle diversions from toll roads to non-tolled roads causes 
increased costs relating to congestion and traffic accidents which 
are growing in proportion with the increase of traffic intensity on 
non-tolled infrastructure. In times of economic recession in the 
USA in 2010, the fees for using road infrastructure decreased 
significantly. The objective was to motivate carriers to use toll 
roads because they had tendency to avoid the toll roads in order 
to reduce their own costs. Decline in the fees represented 43 % 
compared to 2009 [16].

3.  Value of time savings in terms of road transport 
operators

Main factors that affect the decision of carriers to use toll 
roads were identified in the previous chapter. Travel time is one of 
the most important factors. Value of time savings plays a key role 
related to the use of toll roads by carriers [24]. When considering 
the construction of toll infrastructure, public authorities should 
estimate how the carriers value their time savings associated with 
the use of toll infrastructure in terms of money. Only then it is 
possible to make a proper and efficient pricing policy.

Fig. 1 Value of travel time savings for road transport companies  
in the USA [20]

Knorring, He and Kornhauser (2005) dealt with the value of 
time savings in terms of the carriers. They concluded that value 
of time savings is a key factor in a decision-making process of the 
carriers. They stated that the carriers, or drivers, do not just make 
a decision on which route to take when facing parallel routes, but 
every single transport route is planned with regard to the factor 
of time savings [5].

Proportion of individual costs on total costs of carrier in %  
[Authors based on [16] and [17]] Table 3

Costs: USA (2008) EU (2008)

Fuel 36 % 37 %

Tires 3 % 1 %

Maintenance and repairs 9 % 8 %

Wage 37 % 29 %

Depreciation 12 % 18 %

Insurance 4 % 7 %

Total 100 % 100 %

Toll costs are also an important factor affecting the use of 
toll road infrastructure by carriers during transport realisation. 
According to [16], the average costs of toll were at the level of 
1.7 cents per mile ($0.0106/km) for freight vehicles in the USA 
in 2011. Toll costs represented about 1 % of the total direct costs 
in that period of time. Toll fees represent a higher cost level 
within the EU. Table 4 provides an overview of toll rates in EU 
selected states. Given that toll rates in the EU depend on the total 
vehicle weight, number of axles as well as engine emission class 
of vehicle, the comparison in Table 4 is processed for a freight 
vehicle with a gross weight of 40 tons, 5 axles and emission 
class of EURO 5. Despite the fact that Directive No 1999/62/
EC determines a methodology for calculating toll rates, toll rates 
in the selected states are very different. For example, toll rate in 
Poland is at the level of €0.050/km, whereas toll rate in Austria is 
higher almost by €0.3/km (€0.357/km).

Comparison of toll rates in the selected states of the EU in 
euros/km (year 2013) [Authors based on [18], [19], [20], [21], 
[22] and [23]]

Overview of toll rates in EU  Table 4

State Toll (€/km)

Czech Republic 0.150

Hungary 0.289

Germany 0.155

Poland 0.050

Austria 0.357

Slovakia 0.189

In the EU, costs of toll fees represent an average level of 
€0.15/km. Taking into account the average costs of the carriage 
by road freight transport €1.2/km, costs of toll fees in the EU 
represent the fourth most important cost item that follows the fuel 
costs, costs of vehicle acquisition (depreciation) and labour costs. 
It is necessary to note that toll rates in the EU are higher and 
they also represent a larger proportion on the total costs of carrier 
compared to the USA. Furthermore, it should be noted that 
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assuming that v
S 

> v
N
 because toll road infrastructure is usually 

a superior road network with higher design speed compared to 
parallel non-tolled infrastructure. In relation (2), the value of time 
is increased by the factor k whose value corresponds to the further 
delays related to the use of non-tolled road infrastructure (e.g. 
congestion related to transit through city, etc.).

Subsequently, time savings Δt
P
 when using toll road 

infrastructure during the particular carriage can be determined as 
the difference between travel time for toll roads and travel time 
for non-tolled roads:

t t tP N ST = -  (h) (3)
 

where Δt > 0.
The value of time savings for particular carriage h

P
 is 

determined based on the unit value of time savings h
H
 (determined 

according to the conditions of carrier per one hour) as follows:

h t hP P H$T=  (€/transport) (4)

When deciding on a route choice, given that fuel costs 
represent a significant cost item, carriers also consider the fact 
that if two routes of carriage have different length, fuel cost 
savings arise in the case of a shorter one. Fuel costs nPL depend 
on the route length s, fuel consumption sV and the fuel price cPL. 
This means that fuel costs expressed per 1 kilometre of distance 
travelled can be defined as a function: 

,n f s cPL V PL= ^ h (€/km) (5)

Given that vehicles perform less braking and acceleration 
when travelling on the superior road infrastructure and they 
usually do not go through challenging mountain routes, it can be 
concluded that fuel consumption is lower when driving on the 
road infrastructure of higher category. Thus, the following applies:

s s>N
V

S
V  (l/100 km) (6)

When comparing two possibilities of transport on the roads 
of different categories, it is necessary to take into account also 
cost savings associated with reduced fuel consumption of vehicle 
for considering savings in fuel costs on a particular route:

,n f s cPL V PLT=T ^ h (€/km) (7)
 

where: s s sV
N
V

ST = -

While deciding between two possible routes, savings in fuel 
costs when using a toll road nP

PL  can be calculated as:

n n n sP
PL PL PL $ T= - T^ h  (€/transport) (8)

Several authors tried to estimate the value of time savings. 
Kawamura (2000) estimated this value based on preference data 
collected in California. Firstly, he summarised that value of time 
savings ranged from $14.50/hour to $35.60/hour according to 
the results of previous studies. Then, he estimated the mean 
value of time savings as $26.8/hour based on own collected 
preference data. He also defined dependence of the likelihood 
of using a particular infrastructure on the value of time savings 
when using alternative transport route (Fig. 1). Likelihood of 
using a particular route is increasing with increasing value of time. 
At value of time savings of $100/h, only low percentage of the 
carriers would not use a given infrastructure [25].

4.  Methodology proposal for determination of toll 
rates taking into account the value of time savings 
of road transport operators when using toll road 
infrastructure

Superior road infrastructure, which is generally charged, 
is not built to ensure collection of funds for public budgets. 
According to [2], the main determinants for building a superior 
road infrastructure are:
• Intensity of road freight transport – main traffic flows should 

be realised within the superior road infrastructure outside the 
residential settlements.

• Accident rate – it is necessary to redeploy the volume of road 
traffic on the infrastructure of higher category in case of road 
infrastructure with high accident rate.

• Impact on the environment – the main traffic flows should be 
kept out of residential areas in order to improve life quality 
of the population.
Based on the mentioned assumptions, toll rate must be 

derived for individual sections based on the factors which affect 
the carriers’ decision to realize transport by the use of a particular 
road infrastructure and not on the basis of construction 
costs of road infrastructure. Then it is possible to determine 
a methodology for calculating a maximum limit of price for using 
road infrastructure from the perspective of carriers.

To determine a maximum price limit of toll for the carrier, it 
is necessary to define the time t

S
 as the time needed for distance 

travelled within toll road infrastructure s
S
 at average speed 

achieved on this infrastructure v
S
:

t v
s

S
S

S=  (h) (1)

The time t
N
 needed for the distance travelled within non-tolled 

road infrastructure s
N
 is calculated according to the following 

formula:

t v
s
kN

N

S= +  (h) (2) 
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where: s s sN ST = -

When comparing savings in fuel costs while deciding between 
toll infrastructure and non-tolled infrastructure, it is necessary to 
take into account the assumption that a transport route with the 
use of toll infrastructure can be shorter or longer compared to 
a route with the use of only non-tolled infrastructure. This means 
that the following applies: s RT ! .

The costs for using toll road infrastructure from the 
perspective of carrier n

a
 are dependent on the rate per kilometre 

travelled a
S
 and distance travelled on the toll road s

S
:

n s aa S S$=  (€/transport) (9)

If costs for using toll road infrastructure are at such a level 
that the carrier is willing to use this infrastructure, the following 
will have to be applied:

 
n n ha P

PL
P# +  (€/transport) (10)

From the above equation, it is possible to determine the 
maximum toll rate at which the toll road infrastructure will be 
preferable from the perspective of the carrier:

a
n n

s
s t h

S

PL PL

S

P H$ $T T
=

- +T^ h
 (€/km) (11)

Elaborated methodology for determination of acceptable 
level of toll rate is based on the requirement for preference of toll 
road infrastructure by the freight transport operator. The rates 
can be determined for different vehicle categories similarly like 
current rate structure in the EU. For example, a special rate for 
vehicles with a gross weight between 3.5 t and 12 t and a special 
rate for vehicles over 12 t of total weight. The methodology does 
not take into account the return on funds related to infrastructure 
construction and also the cost reductions related to:
• Reduction of the accident rate for non-tolled infrastructure of 

lower categories;
• Reduction of congestion for non-tolled infrastructure;
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