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Abstract: Recently, the main aim of the road freight transportation sector has been the establishment
of a cost-effective and sustainable operation because it is one of the most environmentally damaging
and most expensive elements of the supply chains’ activities. The efficiency improvement and
optimization of these transport activities can result in significant cost savings, which lead to increased
competitiveness of the transport companies. Two new methods were elaborated for the optimization
of road freight transport activities; therefore, this research is very innovative and up to date. The
elaborated methods are as follows: (1) A new calculation method for the precise prime cost pre-
calculation of transport tasks in order to determine an accurate transport fee, thus ensuring the
company’s profit; furthermore, the losses can be eliminated in order to provide competitiveness to
the transport company. (2) A new optimization method for the refueling procedure of international
transport trips in order to minimize the total fuel cost of the transport trips taking into consideration
the different unit fuel prices at the different stations. Therefore, the elaborated optimization method on
the one hand helps in selecting the optimal petrol station and, on the other hand, defines the optimal
amount of fuel to be refueled. Based on the newly developed methods, two decision-supporting
software applications were developed to establish more profitable and sustainable transportation. The
added value of the developed calculation methods and software applications is that, recently, both the
prime cost calculation and the fuel supply optimization have not been supported by software. This is
the reason the two developed methods and two software applications are innovative and unique. The
newly developed software applications were successfully implemented at transport companies. The
correctness of both elaborated mathematical methods was validated using the developed software in
real case studies.

Keywords: international road freight transportation; efficiency improvement; prime cost calculation;
fuel cost optimization; software development

1. Introduction

Road freight transport is one of the most environmentally damaging and most expen-
sive logistical activities. The transport cost sometimes reaches up to 30% of the total cost
of the supply chain [1,2]. This is the reason both manufacturing and service companies
have to reduce these costs significantly. Therefore, the optimization of transport activity
can result in significant cost savings for manufacturing companies and service providers.

Road freight transport represents 78% of the total freight transport in Europe. The
reasons for this are as follows:

• Road transport has the densest road network compared to the other transport modes
(rail, water, air); furthermore, a wide range of goods can be transported through this
transport mode without any limitations.

• The transport of goods between loading-in and loading-out stations can be achieved
without transshipment.
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• Short transit times for goods can be realized due to the relatively high speed
of transportation.

• Relatively flexible transport mode in terms of both route and delivery time.
• A high degree of flexibility and adaptability to customer requirements can be achieved.
• The dynamic loading effects on the transported goods during transportation are low

and the resulting damage to the goods is also low [3,4].

One of the main aims of the rollers of the transport sector is the optimization of the
transport activity and reduction in the transport cost.

The main aim of this research was to optimize international road freight transporta-
tion primarily from an economic sustainability perspective. Two innovative calculation
methods were elaborated in order to support the profitable and cost-effective realization of
freight transportation.

In Section 2, a newly developed calculation method and software application for the
precise prime cost pre-calculation of transport tasks are introduced. The accurate pre-
calculation—before the achievement of the transport task—of the prime cost of a given
transport task is essential for the transport companies in order to determine an adequate
transport fee. The transport fee for a given transport task can be determined considering
the pre-calculated prime cost and the company’s profit to provide competitiveness to the
transport company. The transport task means a given transport activity ordered by a
customer, which is defined by the loading-in and loading-out stations and the weight of
the cargo to be transported.

In Section 3, a new optimization method and software application for the refueling
procedure of vehicles working in international transport trips are introduced. The purpose
was to minimize the total fuel cost of the transport trips taking into consideration the
different unit fuel prices at the different stations. Therefore, the elaborated optimization
method on the one hand helps to select the optimal petrol station and, on the other hand,
defines the optimal amount of fuel to be refueled.

The added value of the introduced calculation methods and software applications
is that both the prime cost calculation and the fuel supply procedure are not based on
mathematical calculation methods; furthermore, they are not supported by software. This
is the reason the two developed methods and two software applications are innovative
and unique. The newly developed software applications were successfully implemented at
forwarding companies.

2. Literature Review

The main objective in the transport sector is to reduce transport costs, carry out
transport tasks as efficiently and economically as possible, and establish sustainable
transport [5–8].

Sustainability is based on the following three main aspects according to most of the
relevant literature: environmental, social, and economic [9–13]. The realization of all aspects
is essential in the organization and operation of the road transportation sector.

One of the key objectives of the European Union’s (EU) common transport policy is to
increase the cooperation and coordination between the different transport modes (road, rail,
water, air) in order to achieve these objectives. Another key objective of the EU is to reduce
the share (78%) of road freight transport in the global transport sector and increase the
utilization of the free capacity of rail- and waterways. This will lead to the more efficient
use of energy and raw materials globally [14,15].

Reducing the share of road freight transport would also reduce the significant emis-
sions and noise pollution caused by the road transport sector [16].

Recently, the intensity of road transportation has been continuously growing. How-
ever, despite these efforts, experts predict that the current high share of road freight
transport will increase further in the future. Customers’ expectations relating to the quality
of transport services are also increasing (e.g., the delivery time acceptable to consumers
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is decreasing), there is demand for cost reduction, and the traceability of products is
expected [17,18].

Based on the literature review and the author’s professional experience, the possible
ways to optimize the performance of road freight transport and to reduce transport costs
are as follows:

• Planning and determining the optimal transport routes; eliminating empty runs
(running without useful load); and integrating several transport tasks into one round
trip, etc. [19].

• Maximizing vehicle capacity utilization and providing more efficient transport management.
• More effective use of logistics IT tools to improve the efficient execution of transport

tasks and ensure the traceability and controllability of the transported goods.
• The use of multimodal transportation; combining road, rail, air, and water transport

modes in the transport chain; and taking advantage of each other’s advantages and
eliminating each other’s disadvantages.

• Modernization of the vehicle fleet: the use of more modern, lower-consumption,
more environmentally friendly engines, and the wider application of vehicles using
alternative fuels (gas, electric), etc.

• Application of innovative results of scientific research (digitalization, software devel-
opment, development of route optimization algorithms, etc.) in practice [20–23].

A lot of publications are available on the topics of the efficiency improvement of road
freight transport and the reduction in freight transport costs [24–27]. Any method that
helps to optimize the performance of road freight transport activities will also indirectly
lead to a reduction in freight transport costs [28–30]. The relevant publications dealing
with the cost components of transport activity have been reviewed [31–33].

After a deep analysis of the literature, it can be concluded that the available publi-
cations do not deal with all of the cost components of transport costs in sufficient detail,
and the factors influencing the transport costs are discussed only in theoretical aspects
instead of practical aspects. In the articles, the fuel cost is only considered as static data. In
my opinion, the fuel consumption of the vehicle is not a constant value, but dynamically
changing, depending on the weight of the transported load and also on the topography.
This aspect has not been previously investigated in the literature.

Optimal planning of road freight transport trips is a very complex task. Several pub-
lications deal with the optimal performance of road freight transport through an efficient
organization of transport tasks resulting in the reduction in transport costs [34–36]. The
relevant publications discuss the optimal design of round trips using different methods, for
example, the selection of optimal transport routes, the elimination of empty runs, the
integration of several transport tasks into one round trip, as well as the use of multimodal
transport modes to maximize the use of vehicle capacity [37–40]. The relevant publications
dealing with the overall costs of transport activity have also been reviewed [41–43]. Obvi-
ously, any method that helps to achieve optimal performance of road freight transport will
indirectly result in the reduction in transport costs.

After reviewing the literature, it can be concluded that although several publications
deal with the optimization of freight transport activities and networks [44,45], the publica-
tions available on this topic mainly focus on route optimization and the optimal planning
of transport round trips [46–49]. The elaboration of route optimization algorithms is also
presented in several publications [50–52], whose aim is to reduce transport distances and
costs. Furthermore, there are a few publications in which the cost of freight transport is
already considered in the optimization process [53,54].

One of the main objectives of the organization of freight transport activity is economic
sustainability, i.e., the reduction in transport costs per unit volume of goods and, hence, in
fuel costs [55–57]. The fuel optimization of road freight transportation activity is a gap in
the literature.

Based on the synthesis of the literature, it can be concluded that there is no available
publication based on the innovative idea of developing an optimization method that helps



Sustainability 2023, 15, 16339 4 of 20

to select—among fuel stations at different locations and different unit fuel prices—the
optimal petrol station and the optimal amount of fuel to be refilled in order to minimize
the fuel cost of a given transport trip.

3. Materials and Methods—Calculation Method and Software for Prime Cost
Calculation of Road Freight Transport Trips
3.1. Reasons and Purpose of this Research

Nowadays, in the practice of the transport sector, the determination of the transport
tasks’ transport fees is individually and roughly estimated by the transport managers. This
means that the transport manager—who is responsible for the organization of the transport
trips—has to make a bid for the transport fee after receiving a customer order for a given
transport task.

Actually, the estimation of the price offer is based on specific transportation costs
obtained from the analysis of the historical transport data. This cost analysis results in
an average transport cost per kilometer with a high deviation; therefore, in this approach,
the calculation of the cost for a new transport task can result in a false and inaccurate fee
calculation in most cases. Consequently, the estimated and offered transport fee relating to
a given transport task can be higher or lower than the real accurate prime cost.

The basic problems of the actually used calculation practice are as follows:

• If the cost offer relating to the transport task is low compared to the prime cost of the
transport trip, the transport enterprise will not turn a profit.

• If the cost offer for the transport task is much higher than the transport trip’s prime
cost, the offered fee for the ordered transport task will be much higher compared to
the market price. In this case, the forwarding enterprise will not be competitive. The
customer will not entrust the forwarding enterprise with the task, and the enterprise
will thus not realize any income.

To avoid the abovementioned cases, a precise prime cost pre-calculation of every new
demand has to be achieved.

The primary aim of this research is the elaboration of an accurate and fast calculation
method that can ensure profitable round trips. A detailed calculation method relating to
the total prime cost’s components has to be developed.

3.2. The Novelty of the Newly Developed Cost Calculation Method

The novelty and added value of the newly developed, accurate cost calculation method
is that the author defined and took into consideration the following two new relevant factors
influencing the fuel cost components in the calculation, which have not been discussed in
the literature until now. The two new correction factors are the following: (1) the weight
of the cargo (εL in Equations (3)) and (2) the topography (εT

ij in Equation (3)). These two
correction factors have a strong influence on the fuel consumption of the vehicle and thus
on the fuel cost. For each transport task, the values of these two factors have to be defined
for each available transport vehicle of the company. The author utilized real data sets for
the most frequently used type of transport vehicles in one of their previous industrial R&D
projects. For example, a Volvo or a Scania semi-trailer truck (24 tons of capacity) has a basic
fuel consumption of ~20 L/100 km without a payload. However, loaded with 24 tons, the
additional consumption is ~+4 dL/ton. That is +9.6 L/100 km of extra fuel consumption,
which increases consumption by almost 50%.

The additional fuel consumption of a vehicle due to different topographical charac-
teristics of the transport route was also analyzed and calculated by the author. When
driving on a normal flat route, the vehicle only has a base consumption (+0% additional
fuel consumption). On a medium-hard route (hilly), the additional fuel consumption is
+30%; on a hard route (mountainous), it is up to +60%.

Taking into consideration the two abovementioned correction factors, the own cost
calculated by the elaborated method and software shows a better agreement with the real
cost of the completed transport tasks than the prime costs calculated by other general
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cost functions described in the literature. This better agreement, and thus the accuracy of
the own cost calculated using my new software and calculation method, is successfully
demonstrated through comparative analyses (see Section 3.5).

3.3. Elaboration of an Accurate Method for Calculation of Total Prime Cost for International Road
Transport Trips

At first, the prime cost’s components have to be taken into account and precisely
defined. The prime cost of a transport trip (CPi) is the sum of the following cost components:

CPi =
N

∑
j=1

CFij + CWTij + CAij + CWij + COij (1)

where CPi is the prime cost of a transport trip (euro); CFij is the cost of burned fuel; CWTij is
the cost of waiting time; CAij is the further extra costs; CWij is the drivers’ labor cost; COij is
the operational and maintenance costs of the transport vehicle; i is the identifier of the road
transport trip; and j is the identifier of the road transport section.

Figure 1 shows a round trip, which is the most generally used organization form
of international road freight transportation. In this case, the transport vehicle goes from
the site of the transport company to a loading-in station where the useful goods to be
transported are loaded onto the truck. From this first loading-in station, the vehicle goes
to the first loading-out station where the goods are unloaded. Then, it proceeds to more
loading-in and loading-out stations, and the vehicle finally arrives at the initial station,
which is the site of the transport company.
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Figure 1. Introduction of a road transport trip (source: own).

It is worth dividing the transport trips (i)—in order to make the calculations easier—into
transport sections (j). A transport section is a transport route between a loading-in station and
a loading-out station independent of whether the vehicle is running with or without useful
weight. A new transport section begins when the transport weight is changing. The number
of sections in a transport trip can be arbitrary N.

The cost components of the total prime cost are detailed in the following sub-sections.

3.3.1. Cost of Burned Fuel

The cost of the burned fuel on a given transport task can be calculated:

CFij = cFij · Lij (2)

where CFij is in units of euro; cFij is the specific fuel cost (euro/km); and Lij is the transport
distance of a transport section (km).

The specific fuel cost can be calculated using the following equation:

cFij = cLe

[
fe + εT

ij · fe + εL · mij

]
(3)

where cFij is in units of euro/km; cLe is the actual unit fuel price (euro/liter); fe is the
specific fuel consumption in case of an empty vehicle (liter/km); εT

ij is the correction factor
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relating to topographical characteristics of the transport route (0 in case of flat; 0.3 in case of
hilly; 0.6 in case of mountainous transport routes); εL is the correction factor relating to the
loading conditions of the vehicle (the transported weight influences the fuel consumption,
every additional ton of goods results in additional fuel consumption)

[
liter

ton·km

]
; and mij is

the weight of useful transported goods (ton).
Based on a previous deep data analysis of the most frequently used types of transport

vehicles (semi-trailer trucks with 24 tons of capacity), the εT
ij correction factor relating to

topographical characteristics of the transport route could be defined. It can be concluded
based on the analysis that by driving on a normal flat route, the vehicle only has a base
consumption (+0% additional fuel consumption); on a medium-hard route (hilly), the
additional fuel consumption is +30%; on a hard route (mountainous), it is up to +60%. The
value of the εL correction factor relating to the loading conditions of the same analyzed
vehicles could also be defined. The average value of εL is ~+4 dL/100 km of extra fuel
consumption with every additional ton of cargo.

The limitation of the elaborated prime cost calculation method is that the εT
ij and

the εL correction factor relating to the loading conditions were elaborated for the most
frequently used types of transport vehicles (semi-trailer trucks with 24 tons of capacity). In
order to apply the calculation method for lower-capacity vehicles (e.g., 12 or 7.5 tons), the
aforementioned correction factors have to be defined in the future.

3.3.2. Cost of Waiting Time

Different waiting times occurring during the transport trip also have costs:

CWTij = cWTij · (TLij + TWij + TRij + TSij) (4)

where CWTij is in units of euro; cWTij is the specific waiting cost of the transport vehicle
(euro/hour); TLij is the time taken for the loading in/out of goods (hour); TWij is the waiting
time taken for loading in/out (hour); TRij is the time taken for daily breaks according to the
European AETR agreement (hour); and TSij is the time taken by truck traffic stops (hour).

3.3.3. Further Extra Costs

Further charges can be incurred during the transport task:

CAij = CARij + CAPij + CADij (5)

where CARij is the motorway fee (euro); CAPij is the parking fee (euro); and CADij is the
costs of permissions, licenses, and documentation (euro).

3.3.4. Driver’s Labor Cost

The driver’s labor cost for the transport trip can be calculated:

CWij = cij · Tij (6)

where CWij is in units of euro; cj is the specific labor cost of the truck driver (euro/hour);
and Tij is the total transit time of the transport route (hour).

3.3.5. Operational and Maintenance Costs of the Transport Vehicle

Operational and maintenance costs (taxes, insurance of the vehicle and cargo, mainte-
nance, etc.) of a transport task can be calculated for every individual vehicle:

COij = cO · εO · Tij (7)

where COij is in units of euro; cO is the specific operational cost of the vehicle (euro/hour);
εO is the individual correction factor for the different vehicles; and Tij is the total transit
time of the transport route (hour).



Sustainability 2023, 15, 16339 7 of 20

3.4. Introduction of Newly Developed Software for Prime Cost Calculation of Road Freight
Transport Activities

A software application was also developed to pre-calculate the prime cost of a given
transport task based on the newly elaborated detailed cost calculation method. In the
software development, student Szabolcs Schmidt contributed.

Through the application of the developed software, the transport manager of a trans-
port company can accurately and quickly determine the competitive fees for freight trans-
port tasks, based on the exact pre-calculation of the prime cost and the expected profit. With
the application of the software, cost offers that are too low or too high can be eliminated;
thus, the company’s risk and loss can be minimized and its profit can be guaranteed.

The software has the following menus:

(1) In the menu “Database”, the most important basic data can be defined relating to the
following:

• Vehicles available for transportation (e.g., fuel consumption, operational and
maintenance costs of the individual vehicles);

• Actual fuel prices at different available fuel stations;
• Motorway fees in different European countries, etc.

(2) In the menu “Calculation”, the most important information relating to the ordered
transport task to be calculated has to be defined.

At first, the adequate/available vehicle has to be selected for the transport task. The
basic parameters of the selected vehicle (engine characteristics, specific fuel consumption,
loading capacity, etc., which are saved in the database) will be considered during the prime
cost calculation.

The next step is the definition of the main input parameters of the transport trip in
Figure 2, which are needed for the prime cost calculation. The transport trip includes
road sections that also have to be identified, and the identifier for transport trips (i) and
transport sections (j) has to be defined according to the logic of Figure 1. The individual
parameters relating to every road section and round trip, the distances (Lij in Equation (2))
and the topographical conditions (εT

ij in Equation (3)) of the different road sections, and the
weight of the cargo to be transported (mij in Equation (3)) have to be defined according to
Equations (2) and (3).
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In the case of international transportation, the countries and the length of the used
motorways have to be given for all transport road sections (Figure 2). These data are needed
for the calculation of the motorway fees (CARij in Equation (5)) of the transport task.

The waiting times for loading in and loading out (TLij in Equation (4)), the times
taken for truck traffic stops (TSij in Equation (4)), etc., also have to be defined; further-
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more, the daily break according to the AETR agreement (TRij in Equation (4)) is automati-
cally determined by the software from the calculated total lead time of the transport task
(Tij in Equation (7)). These waiting times are needed for the calculation of the waiting times’
cost component of the prime cost (Equation (4)). In the case of international transportation,
two drivers are sometimes needed, which can also be given as an input parameter for the
labor cost (CWij in Equation (6)) calculation. The prime cost and its cost components can be
calculated in Euro and HUF (Hungarian Forint) currencies; therefore, the exchange rate of
the HUF/EUR can also be defined.

After the setting of the basic input data required for the prime cost calculations, the
software provides the results for the total prime cost (calculated by Equation (1)), as well as
the different cost components (calculated by Equations (2)–(7)) for a given transport order
(Figure 3).
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Figure 3. Results of the prime cost calculation (source: own).

After the software completed the pre-calculation for the prime cost relating to a
received transport task, the transport manager can give a precise transport fee offer to the
potential customer’s demand. Due to the detailed pre-calculation, the offered transport
fee would not be lower than the exactly pre-calculated prime cost or would not be much
higher than the other competing transport companies’ bid. In conclusion, the potential
risks and losses of our transport company can be eliminated.

(3) In the menu “Archive data” of the software, the user can check or search for any
historic pre-calculations. This possibility is very useful because the transport man-
ager can compare the earlier prepared transport plans/pre-calculations and the real
transport fees resulting after the realization of the transport tasks.

3.5. Comparative Analysis for Validation of the Efficiency and Precision of the Elaborated Prime
Cost Calculation Method and Software

The newly developed software that was introduced was successfully implemented at
a transport company; therefore, the author has experience relating to the advantages and
precision of the elaborated cost calculation method and software. Based on the practical
experience, a comparative analysis was completed to validate the correctness and reliability
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of the developed prime cost calculation method and software. The transport company
provided its historical data for this examination.

Twenty transport tasks were randomly selected from the archived transport orders
(Task 1, . . . Task 15) for the analysis.

In the case of these 15 transport trips, the following costs were compared (Table 1):

(1) Total real costs summarized after the completion of the selected transport trips;
(2) Prime costs of the selected transport trips pre-calculated using the new method

and software;
(3) Prime costs pre-estimated by the transport manager based on the formerly applied

cost calculation method (based on rough results of statistical analysis of historic
transport trips).

Table 1. Comparative analysis of real, calculated, and estimated prime costs (source: own).

1. Real Cost (Euro) 2. Calculated
Cost (Euro)

3. Estimated
Cost (Euro)

Difference in Real
Cost (1) and

Calculated Cost (2)

Difference in Real
Cost (1) and

Estimated Cost (3)

Task 1 1250 1215 1375 −2.8% +10%

Task 2 1320 1360 1235 +3.0% −6.4%

Task 3 1845 1805 2050 −2.2% +11.1%

Task 4 2356 2430 2510 +3.1% 6.5%

Task 5 1143 1178 1230 +3.1% 7.6%

Task 6 2540 2456 2650 −3.3% 4.3%

Task 7 1260 1220 1170 −3.2% −7.1%

Task 8 1045 1010 970 −3.3% −7.2%

Task 9 1510 1480 1370 −2% −9.3%

Task 10 1780 1720 1890 −3.4% +6.2%

Task 11 1230 1270 1120 +3.25% −8.9%

Task 12 2110 2130 1940 +0.95% −8%

Task 13 2450 2375 2190 −3.1% −10.6%

Task 14 1130 1095 1220 −3.1% +8%

Task 15 1445 1395 1295 −3.5% −10.4%

The aforementioned comparative analysis shows that the difference between real costs
and pre-calculated prime costs is approximately ±3.5%. This difference is not significant,
especially in the case of long-distance international road freight transport.

The comparison also shows that the difference between estimated costs and real
transport costs is approximately ±11%. In cases of cost, these significant differences can
result in significant financial losses for the transport companies (Figure 4).

Concluding the tendencies, it can be confirmed that the prime costs of the randomly se-
lected transport trips—calculated using the newly developed cost function and
software—are more precise than the pre-estimated prime costs based on the formerly ap-
plied cost calculation method.

This comparative analysis validates that the newly developed, more detailed prime
cost calculation method and software are more precise and reliable compared to the esti-
mated calculation method used in recent practice.

The developed prime cost calculation software was successfully implemented at a
forwarding company.
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4. Materials and Methods—Development of Method and Software for Fuel Cost
Optimization of Road Freight Transport Trips
4.1. Reasons and Purpose of this Research

Current practice in transport companies is that the selection of refueling stations and
the determination of the quantities of fuel to be refueled during round trips are not centrally
managed by the company and controlled by software or a precise calculation method, only
depending on the ad hoc decision of the truck driver. It can result in losses if drivers refuel
at an expensive refueling station or buy an inadequate amount of fuel.

• Refueling a lower amount of fuel than is needed for the whole transport trip results
in further unnecessary refueling action. However, refueling a higher amount of fuel
than is necessary, especially at the end of a round trip, also leads to additional costs,
because most transport companies have fuel tanks at the company’s own site, which
provide the cheapest alternative.

• Due to the aforementioned wrong drivers’ decisions, the total fuel costs of the transport
trips are not optimal but include significant additional costs. For example, in Europe,
the difference in unit fuel prices at different fuel stations can be 0.1–0.4 Euro/L.

• It can be a dilemma—due to the different unit fuel prices at different stations—whether
the cheaper unit price is at the well farther away from the original location of the
vehicle to be refueled or at the more expensive one, but that closer to the vehicle is
more cost-effective.

The aforementioned facts inspired me to develop a new optimization method and
software for the refueling procedure.

The purpose of this research was to minimize the total fuel cost of the transport trips
taking into consideration the different unit fuel prices at the different stations. Therefore,
an optimization method was elaborated that on the one hand helps to select the optimal
petrol station and, on the other hand, defines the optimal amount of fuel to be refueled.
Based on the elaborated optimization method, a new decision-supporting software was
developed to confirm the possibility of significant fuel cost savings.

4.2. The Novelty of the Newly Elaborated Fuel Cost Optimization Method

(1) The new scientific result of this research is that there is no available method in
the literature—similar to the optimization method developed by the author—that
minimizes fuel costs by selecting the optimal petrol station and determines the optimal
amount of fuel to be refilled. Consequently, there is no available software to achieve
this research aim.

(2) The basic idea of my research, that the fuel cost required to complete freight transport
tasks depends on the weight of the transported load and also on the topography of
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the transport route, has not been previously investigated in the literature. Thus, in my
opinion, the fuel consumption of the vehicle is not a constant value, but dynamically
changing, depending on the two abovementioned factors. Therefore, the basic cost
function (Equation (8)) used for the fuel optimization method introduced in this
section is the same as defined in detail in Section 3.3.

(3) The fuel cost savings achieved by using the optimization method and the developed
software have been successfully validated through a comparative analysis. The fuel
costs optimized using the newly elaborated method are compared to the fuel costs
resulting from the current practice of refueling without the use of software, based on
the ad hoc driver’s individual decisions.

4.3. Elaboration of the Optimization Method for Fuel Cost Reduction

The trucks of most transport companies can refuel at their contracted fuel distributor
partners’ network at a discounted price. When transport companies choose fuel distributors,
they prefer those that have a Europe-wide network of petrol stations (Shell, OMV, etc.).
Both the location via GPS coordinates and the actual fuel prices are available for each petrol
station. Fuel prices are different at the petrol stations. For example, the difference between
the specific fuel prices at the different petrol stations can be up to 0.13 Euro/L in Hungary.
This difference can result in, e.g., 65 Euros of extra cost for a 500 L capacity tank of a truck.

The aforementioned fact inspired my research idea, that the total fuel cost of a transport
trip can be minimized by the (1) optimal selection of the refueling petrol station and the
(2) determination of the optimal amount of the fuel to be refueled.

In the next part of this section, the elaborated optimization method for selecting the
optimal refueling station and the calculation method for determining the optimal amount
of fuel to be refilled is presented step by step.

To find the cost reduction possibilities, the total prime cost of a transport trip (CPi) has
to be defined (same as in Equation (1)):

CPi =
N

∑
j=1

CFij + CWTij + CAij + CWij + COij (8)

Because the main purpose is to minimize the fuel cost, the fuel cost component (CFij)
of the transport trip has to be examined and reduced (see Equations (2) and (3)).

4.3.1. Selection of the Optimal Fuel Station—First Phase of the Optimization

At first, the optimal (most cost-effective) petrol station (Tiopt in Figure 5) has to be
selected among those stations that are preferred by the transport company (Til) for a given
transport task on the transport route from the loading-in station Sij to loading-out station
Sij+1. During the cost optimization, the systematic search method is used. After that, the
amount of refilled fuel (QTij) can be determined (Figure 5). The optimal station is that where
refueling—from the point of departure to the given destination—provides the lowest total
fuel cost.

The initial fuel level of the track is known at the loading-in station (Qfs). The fuel
consumption of the vehicle can be calculated based on Equation (3) between the loading-in
station and loading-out station (Figure 5).

During the calculation, a safe amount of fuel margin capacity (QS) has to be taken
into consideration, which is available for the fuel consumption of the truck in the case of
stochastic events (missed ways, accidents, etc.) on the transport route between loading-in
station Sij and fuel station Til. This safe amount of fuel also has to be considered between
the fuel station Til and loading-out station Sij+1 to arrive safely at the next fuel station Tim
(Figure 5).
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Figure 5. Description of the important stations of a transport route, and changes in fuel level of the
vehicle during the transport route (source: own).

The maximal transport distance (Lij
max) of the vehicle can be calculated using the

following formula taking into consideration the initial fuel level of the vehicle, the safe
amount of the fuel, and the fuel consumption of the vehicle (Figure 5):

Lij
max =

Q f s − QS

fe + εT
ij · fe + εL · mij

(9)

The optimal refueling station has to be selected from possible Til refilling petrol stations
located in the search zone, which is defined by the radius (Lij

max − ∆L) (Figure 4). ∆L can
define that zone in which the optimal petrol station has to be found providing safe arrival
to the petrol station.

After that, the optimal petrol station that results in the most cost-effective transport
route has to be defined (Figure 6).
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The optimal petrol station (Ti opt) among the possible transport routes that provide the
minimal total fuel cost can be defined by Equation (10) according to Figure 6:

Cmin = min
ij

(
c(Sij,Til) · L(Sij,Til)real + c(Til,Sij+1) · L(Til,Sij+1)real

)
(10)

where Cmin is the minimal total fuel cost (euro); c(Sij,Til) is the specific fuel cost for the
transport route Sij − Til calculated by the fuel price at the refueling station used before
Sij loading-in station (euro/km); c(Til,Sij+1) is the specific fuel cost for the transport route
Til − Sij+1 calculated by the fuel price at Til petrol station (euro/km); L(Sij,Til)real is the
distance between stations Sij and Til (km); and L(Til,Sij+1)real is the distance between stations
Til and Sij+1 (km).
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4.3.2. Determination of the Optimal Amount of Fuel to Be Refilled—Second Phase of
the Optimization

In the second phase of the optimization, the optimal amount of fuel to be refueled
(QTij) has to be determined, the amount of which is required for the remaining transport
distance to the destination. This amount is determined based on the actual fuel level of
the vehicle at the optimal refueling point (Qact) and the safe fuel requirements (QS) for the
remaining transport distance to be covered. The optimal amount of fuel to be refueled is
the amount that can be safely provided to arrive at the destination, taking into account the
possible additional fuel consumption due to unforeseen obstacles.

The optimal amount of fuel to be refilled (QTij) can be calculated according to Figure 5:

QTij = ( fe + εT
ij · fe + εL · mij) · L(Tiopt,Sij+1)real + QS − Qact (11)

where QTij is the optimal amount of fuel to be refilled (liter); QS is the safe volume of fuel;
and Qact is the fuel level of the vehicle in the optimal petrol station Tiopt.

4.4. Introduction of Newly Developed Software for Optimal Fuel Supply of Road Freight
Transport Activities

Based on the aforementioned theoretical optimization method, a new decision-supporting
software was developed for minimizing the fuel cost by the contribution of student Norbert
Cziczer. The software provides the information necessary for the most economic perfor-
mance of each individual road freight transport task. This generated information can be
forwarded to the drivers via telecommunication devices on an on-board terminal.

The new software has two menu points, which are detailed in the following sub-sections.

4.4.1. Menu “Definition of New Data”

This menu point provides the possibility of the creation of (1) new fuel stations
(Figure 7), (2) new loading-in/out stations (Figure 8); and (3) new transport trucks (Figure 9)
for the user.
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4.4.2. Menu “Optimization”—Introduction in a Case Study

In this menu, the user has to select the vehicle for a given transport task; furthermore,
the main data of the given transport task have to be defined. These data are as follows:
loading-in and loading-out stations of the transport loop, weights transported on the
different transport sections, the initial level and price of the fuel in the selected vehicle, etc.

The optimization of the fuel supply is achieved based on the elaborated optimization
theory introduced in Section 4.3.

Introduction of the fields of the main screen and input data for the case study:
In field 10.a of Figure 10, the user can select the vehicle for a given transport task from

the database.
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The initial fuel level of the truck and the fuel price of this initial fuel have to be defined.
In the case study, a light truck with a maximal load capacity of 3.5 tons was selected for the
given transport task defined in Figure 11. The fuel consumption of the selected vehicle is
14 L/100 km; the maximal capacity of the fuel tank of the vehicle is 150 L. The initial fuel
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level is 100 L at the beginning of the transport trip. The specific fuel price of this initial fuel
volume is 300 HUF/L.
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In field 10.b of Figure 10, the parameters of the transport trip have to be defined,
i.e., loading-in/out stations, as well as the weights of the cargo transported on each road section.

The transport trip can be seen in Figure 11. The stations of the transport trip and the
transported cargo weights at the different sections are as follows (see Figure 11). Station
1: +3 ton; Station 2: +1.5 ton −1 ton; Station 3: +1.5 ton −2 ton; Station 4: +1 ton −1 ton;
Station 5: +1 ton −2 ton; Station 6: +2.5 ton −1.5 ton; Station 7: +0 ton −1 ton; and Station
8: −2 ton.

In field 10.c of Figure 10, the optimization results can be seen, i.e., the total fuel
consumption and fuel cost of the trip, as well as the amount of remaining fuel at the end of
the transport trip.

Based on the elaborated optimization method introduced in Section 4.3., the optimiza-
tion is completed. In the case study—in the case of refueling at the optimal fuel station—the
total fuel cost of the transport trip is 50,800 HUF, while the total amount of burned fuel is
161.9 L; furthermore, the remaining fuel volume at the end of the transport trip (site of the
company) is 11 L (enough for 79.4 km).

Field 10.d of Figure 10 visualizes the transport trip on a map of Hungary; furthermore,
it shows the searching zone (colored by a red tetragon) and the location of the optimal
refueling petrol station.

On the map, the stations of the transport trip can be seen, as well as the search zone
in which the optimal petrol station has to be searched. The optimal petrol station is also
depicted on the map.

In the field 10.e of Figure 10, the details of the optimal petrol station (name, location)
and the amount and cost of the petrol to be refilled are listed.

After the calculation by the software, the optimal petrol station was identified
(“MOL_415” station with 336 HUF/liter minimal fuel price), and the optimal amount
of fuel to be refilled was 73 L.

Based on the results of the developed software, the drivers can be supported by useful
fueling information to make the best decisions in order to minimize the total fuel costs of
the total transport trips.

The limitation of the elaborated fuel supply optimization software is that it can be used
for the fuel cost optimization of only national transport trips, because the map of Hungary
is built into the software. The optimization method can also be applied for international
transport trips through the implementation of the map of Europe.

4.5. Comparative Analysis for Validation of the Efficiency of the Elaborated Optimal Fuel Supply
Method and Developed Software

The purpose of the comparative analysis is to demonstrate the fuel cost savings that can
be achieved through the application of the developed optimization method and software.
The optimal solution was compared to the recently applied practice, which is based on the
driver’s individual ad hoc refueling decision. During the transport trip, for purely practical
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reasons, the drivers frequently chose the petrol station with expensive fuel or refueled a
higher or smaller amount of fuel than necessary. These wrong drivers’ decisions result in
extra fuel costs for transport companies.

Figure 12 illustrates a non-optimal refueling of a driver (simulating a wrong ad hoc
driver decision), in the same case study introduced in Figure 10. In this scenario, the driver
selected the most expensive (376 HUF/L) refueling station (“OMV_36” station) in the
searching zone (Figure 12d); furthermore, they also refilled the vehicle with 139.8 L to the
maximal capacity level of the fuel tank. In this case, the remaining amount of fuel at the
last station (site of the company) was 76.9 L (Figure 12c,d).
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The results of the optimal refueling scenario (Figure 10) received through the appli-
cation of the optimization method and the non-optimal (driver’s individual decision in
Figure 12) refueling scenario are compared in Table 2.

Table 2. Comparison of optimal and non-optimal refueling scenarios (source: own).

Total Fuel Cost of
the Transport

Trip (HUF)

Volume of Refilled
Petrol (Liter)

Specific Fuel
Price (HUF/Liter)

Amount of
Remaining Petrol
at the End of the

Trip (Liter)

Fuel Cost of
Remaining Petrol
at the End of the

Trip (HUF)

Fuel Cost Saving
Due to the
Remaining

Petrol (HUF)

Optimal refueling
scenario (Figure 10) 50,800 73 336 11.12 3736

Non-optimal
refueling scenario

(Figure 12)
54,423 139.88 376 76.97 28,940

Fuel cost saving 3623 (−6.7%) 5004 *

Total fuel
cost saving 8627 HUF (−15.8%)

* At the end of the transport trip, the fuel cost saving is calculated as the difference between the optimal and the
non-optimal refueling volume (65.85 L), as well as the difference between the specific fuel price at the non-optimal
station (376 HUF/liter) and the specific fuel price at the site of the company (300 HUF/liter).
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Based on the data of Figures 10 and 12, it can be concluded that the developed method
and software can achieve a fuel cost saving of 15.8% on the 1096 km long round trip by
using the optimal fuel station and the optimal amount of fuel required to complete the
transport trip. The comparative analysis introduced above has also demonstrated that the
new decision-supporting software developed based on the elaborated optimization method
is suitable for optimizing the total fuel costs of road freight transport tasks by accurately
defining both the optimal refueling stations and the optimal volume of fuel to be refueled.
The software can generate the information needed for the economic performance of road
freight tasks and can be used to significantly reduce transport costs.

The developed optimization software was successfully installed and tested at a for-
warding company.

5. Conclusions

Nowadays, the most important aim is the establishment of a cost-effective and sustain-
able road freight transportation sector because it is the most environmentally damaging
and most expensive element of the supply chains’ activities. The efficiency improvement
and optimization of the transport activities can result in significant cost savings, which lead
to increased competitiveness of the forwarding companies.

This research is very innovative and up to date because two new methods were
developed for the optimization of road freight transportation activities. Based on the newly
developed methods, two decision-supporting software were developed to establish more
profitable and sustainable transportation. The developed methods are as follows:

(1) A new calculation method and software were developed for the precise prime cost pre-
calculation of transport tasks. The accurate pre-calculation—before the achievement
of the transport task—of the prime cost of a given transport task is essential for the
transport companies in order to determine an adequate transport fee. The transport
fee for a given transport task can be determined considering the pre-calculated prime
cost; thus, the company’s profit can be ensured and the losses can be eliminated in
order to provide competitiveness to the forwarding company.

(2) A new optimization method and software application were also developed for the
refueling procedure of international transport trips. The purpose was to minimize the
total fuel cost of the transport trips taking into consideration the different unit fuel
prices at the different stations. Therefore, the elaborated optimization method on the
one hand helps to select the optimal fuel station and, on the other hand, defines the
optimal volume of fuel to be refueled.

The added value of the introduced calculation methods and software applications
is that both the prime cost calculation and the fuel supply procedure are not supported
by the software. This is why the two developed methods and two software applications
are innovative and unique. The newly developed software applications were successfully
implemented at forwarding companies. The correctness of both elaborated mathematical
methods was validated by the developed software in real case studies.

The limitation of the elaborated prime cost calculation method is that the εT
ij correction

factor relating to topographical characteristics of the transport route and the εL correction
factor relating to the loading conditions were elaborated for the most frequently used types
of transport vehicles (semi-trailer trucks with 24 tons of capacity). In order to apply the
calculation method for lower-capacity vehicles (e.g., 12 or 7.5 tons), the aforementioned
correction factors have to be defined in the future.

The limitation of the elaborated fuel supply optimization software is that it can be used
for the fuel cost optimization of only national transport trips, because the map of Hungary
is built into the software. The optimization method can also be applied for international
transport trips through the implementation of the map of Europe.

A future research direction in the case of the elaborated prime cost calculation method
can be the determination of the εT

ij and εL correction factors for other types of transport
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vehicles (12 and 7.5 tons) based on a deep analysis of historical data relating to these types
of vehicles.

In the case of the elaborated fuel supply optimization software, one of the future
research directions can be the implementation of the map of Europe in order to use the
optimization method in the case of international transport trips.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Kovács, G.; Kot, S. New logistics and production trends as the effect of global economy changes. Pol. J. Manag. Stud. 2016,

14, 115–126. [CrossRef]
2. Gnap, J.; Poliak, M.; Semanova, S. The issue of a transport mode choice from the perspective of enterprise logistics. Open Eng.

2019, 9, 374–383. [CrossRef]
3. Pfohl, H.C. Logistics Systems—Business Fundamentals; Springer: Berlin/Heidelberg, Germany, 2022.
4. Bouchery, Y.; Ghaffari, A.; Jemai, Z.; Fransoo, J.C. Sustainable transportation and order quantity: Insights from multiobjective

optimization. Flex. Serv. Manuf. 2016, 28, 367–396. [CrossRef]
5. Miomir, M.J. Belgrade’s urban transport CO2 emissions from an international perspective. Pol. J. Environ. Stud. 2016, 25, 635–646.
6. Jie-Fang, D.; Jie-Yz, H.; Rong-Wei, W.; Chung, D. Delinking indicators on transport output and carbon emissions in Xinjiang,

China. Pol. J. Environ. Stud. 2017, 26, 1045–1056.
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