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Abstract

Road transport performed by empty runs both in the EU and in Poland constitute a significant percentage of unprofitable
transport, and they arise as a result of the lack of balance between demand and supply observed on the market of transport
services. This publication consists of two parts, in the first one the phenomenon of road transport performed by empty runs has
been outlined, the assumptions and methodology of the procedure are defined, while in the second practical part the mentioned
methodol ogy has been illustrated with a numerical example. Empty runs are not only afinancial loss for the company, but also
have ecological significance. In practice, this problem cannot be eliminated, it is and will always be a problem for people
involved in planning transport routes. In this work, the authors took up a single-criteria optimization problem, for which
acommonly available MS Excel spreadsheet with the Solver was used.
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1. Introduction

The issues concerning road transport modelling is discussed in alarge number of publications. The task, in its
conventiona form, is often presented as linear programming (An et al., 2021; Angelelli et al., 2021; Ghayour-
Baghbani et a., 2021; Park and Lim, 2021) where both the objective function and the limiting conditions are
described as linear equations or inequalities. In the area of road transport, authors of publications often present
modern methods (Karagul and Sahin, 2020; N. Wang et al., 2023), agorithms (Mnif and Bouamama, 2020), tools
(Al Theeb et a., 2020; Szkutnik-Rogoz and Malachowski, 2023) or optimisation techniques (Borucka and
Koztowski, 2023; Theeraviriya et al., 2020), affecting the key transport performance indicators (X. Wang et al.,
2021; Wroblewski and Lewicki, 2021). The set of decision-making problems to be solved in the area of transport
isdiverse and often highly individualised. Examples of work in this areainclude:

1) optimising theinstallation of truck ramps along motorways (Chen et al., 2023);

2) mathematical modelling of road transport (Aydogdu and Ozyoriik, 2020; Zidtkowski and Legas, 2019);
3) reducing the likelihood of aroad accident (1zdebski et al., 2022);

4) empty runs reduction (Ziotkowski and Lggas, 2018);

5) minimising the costs of transport (Andrzejczak and Selech, 2017; Zigja et al., 2019);

6) aflow-based formulation of the travelling salesman problem (Kowalik et a., 2023).

There are several transport classification criteria in the literature on the subject. In this study, we refer to the
basic division by the environment in which the transport operations are executed (Fig. 1).
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Fig. 1. Basic modes of transport.
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When analysing individual modes of transport in terms of transport performance, sea transport invariably
dominates globally. Sea transport is predestined for transporting bulk loads. However, in Poland, as in the entire
European Union, road transport plays the most important role. There are two main arguments in favour of road
transport, i.e. the small area of the Old Continent and therefore relatively short distances and a well-devel oped
road network. The dominant role of road transport when it comes to cargo transport is shown in Fig. 2.
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Fig. 2. Share of individual modes of transport in cargo transport in Poland in 2022 [million tonnes].

The statistical data on passenger transport in Poland are slightly different. As presented in Fig. 3, since 2019,
the dominant role has been assigned to rail transport. It is consistent with the sustainable development strategy,
which assumes increasing importance of rail transport, indicating railways as environmentally friendly transport.
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Fig. 3. Share of individual modes of transport in passenger transport in Poland in 2022 [ million passengers).
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A characteristic feature of the modern environment in which the transport industry operates is macroeconomic
shocks. Market analysis shows that the main challenges companies face are high salaries, inflation and energy
price fluctuations. The activities executed by transport companies must adapt to the above conditions. It should be
bornein mind that the transport industry is one of the pillars of the Polish economy and it regularly contributesto
the creation of added value and jobs. In terms of GDP generated in 2022, the sector generated a 7% share with a
value of PLN 375 billion, becoming one of the most important employers (in terms of employment its share was
6.5%) on the Polish market (Report “Road transport in Poland 2023”). Polish carriers also play a dominant role in
the EU (Key figures on European transport — 2022 edition), especially in international road transport (Fig. 4).
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Fig. 4. Share of Member Statesin total EU international road freight transport, 2022 [%]

Transport is often interpreted as a production process, the effect of which isa changein the spatia sales of the
transported item (cargo or people) fulfilling specific needs. An inherent phenomenon in road transport is empty
runs. Empty runs are not beneficial because they increase pollution and operating costs of transport companies.

The issue of empty runs applies especially to enterprises providing transport for their own needs and on their
own (inter-company transport), as well as to smaller transport companies providing such services on commission
(transport on commission). In the latter case, the possibilities of minimising empty runs are much more limited
than in the case of companies that have their own transport fleet or cooperate with other carriers. The problem of
empty runs may concern any branch of transport except fixed transport installations, but road transport is most
affected by this problem. Currently, thanks to widespread monitoring of transport using the GPS system and virtual
vehicle and freight exchanges, unprofitable transport can be reduced, but unfortunately cannot be completely
eliminated. The basic action aimed at reducing empty runsis based on the appropriate organisation of transport.

However, modern technologies offer more possibilities. In road transport, empty runs are unavoidabl e and there
are at least several pieces of evidence supporting thisthesis. The empty runs are a result of an imbalance between
the demand and supply of transport services. The requirements of the market, which is focused on short delivery
times and quick arrangement of transport for new orders, are aso of great importance. The European Union's
policy (the so-called mobility package) also has an impact, asit hasthe potential to reduce the percentage of empty
runsin the future. The number of empty runsis a so affected by the industry for which the transport is performed.

In fact, it is difficult to expect that it will be possible to arrange, for example, a "return load" for oversized
goods (e.g. wind turbine components). The situation is similar when transporting fuel or construction materials. It
can therefore be assumed that some specialised transport is somewhat "resistant” to optimisation. Therefore, the
influence of planners on reducing empty runsis limited or even non-existent. There are greater possibilitiesin this
respect when transporting more common goods (e.g. palletised cargo) that can be transported in curtainsider semi-
trailer or refrigerated trailers.
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2. Theoretical Background For The Mathematical M odel

Enterprises conducting business activities generally incur costs resulting from the consumption of resources,
while their activities are focused on manufacturing products, providing services or selling goods. One of the cost
components s streamlining the use of means of transport, both in terms of optimal use of cargo space, determining
the shortest transport route and reducing empty runs. The following assumptions were made in this study:
e transport is carried out within one branch of road transport;

the same means of transport are used in terms of load capacity;

transport operations are executed between many fixed points in the transport network;

each point can be aloading and/or unloading point;

the number of pointsis known and constant, and transport operations are executed between these points

only (loads of a specific size and time are transported to and from each transport point);

e thedistribution of transport between transport pointsis known and transport volumes are expressed in the
number of means of transport of a given type;

e the distances between points of the transport network are known;

e only the transport operations carried out by the total number of means of transport of a given type are

allowed;

e there are suppliers of empty means of transport, i.e. nodes where inbound transport is greater than
outbound transport;

e there are recipients of empty means of transport, i.e. nodes where outbound transport is greater than
inbound transport.

Minimising empty runsin transport involves determining the optimal travel plan for empty means of transport
(from suppliers to recipients) in the transport network. The feature of the optimal plan is the minimal village of
vehicles without aload and:

e thesupply of empty means of transport will be utilised;
e thedemand for empty means of transport will be met.

In the considered optimisation problem i,j represent the numbers of the transport point i, j = 1,...n, while the
decision variable will be an empty list of means of transport x;; that should be moved from the i-th transport point
(supplier of empty means of transport) to j-th transport point (recipient of empty means of transport).

It is necessary to adopt specific notations, which for the analysed task are as follows:

d;j — the distance from the i-th to the j-th transport point;

¢ — the transport volume from the i-th to the j-th transport point (number of fully laden means of transport);

e — volume of cargo exported from the i-th transport point (number of fully-laden means of transport), calculated
as.

e =X1¢p i=1,.. n). )

ii — cargo transport volume from the i-th — this transport point (number of fully-laden means of transport),
determined using the following relationship:

=Xl (=1,..n). @

whereas for the entire transport network (but not necessarily for individual transport points), the number of means
of outbound transport must be equal to the number of means of inbound transport (closed transportation problem),
S0 equation (3) must be met:

Zﬂ1 e = 2111 i;. 3

the transportation points for which @ < i; are suppliers of empty means of transport, and their supply takes the
form:

a;=1i—e;  (a;>0). 4)
the transportation points for which e > ii are recipients of empty means of transport, and the demand for them is
calculated as:

bj = e~i; (b >0). (5

the transportation points for which & =;, are omitted in further analysis because for them the balance of inbound
and outbound transport is equal to zero, and therefore they do not generate the problem of empty runs.

The optimisation task isto find such shifts of empty means of transport x; for which the total distance of
vehicle-kilometersis minimal, according to the following objective function:
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Yh=1 Xi=1dijxy; — min, ©)

when the following conditions are met:
e thedemand for empty means of transport at each transport point will be met according to the relationship

(7):

Z?zlx,-j = bj (j:l, ey }’I). (7)

e empty meansof transport located in aspecific and non-zero-bal ance transport point will be used according
to equations/inequalities (8) and (9):

Z?:l Xij = a; (=1, ..., n). @®)
i >0 (,j=1 .. n) ©

Using a spreadsheet, data for the problem of minimising empty runs will be entered, appropriately calculated
and boiled down to atransport task. Solver will be used to solve the anaysed problem. Its main task isto find such
values of the equation variables that |ead to obtaining the optimised value.

3. Calculation methodology

In the example, a transport network covering eight points is considered. The "data" sheet contains tables in
which data should be entered:

e dj represents the distances between transport points;;

e transport volumes determined by the number of fully-laden means of transport c;j, omitting the cells
located at the intersection of the row and the column marked with indexes i and j of the same value
(transportation within the same transport point), which should contain the val ue zero.

After entering data based on transport volumes c;; inbound and outbound transport volumes for each transport
point should be calculated as the sum of &l inbound transports for a given transport point (sum of valuesin the i-
th column of the transport matrix) and al outbound transport from this transport point (sum of vaues in the i-th
row of the transport matrix). Then, the demand and supply of empty means of transport for each transport point
will be compared. Based on the obtained results, the number of suppliers and recipients of empty means of
transport will be found. In the next stage, an appropriate triangular table should be constructed (the main diagonal
and all fields below or above will be marked as dead) for the transport task, in which the values of the distances
between transport points should be listed. Similarly, a table with the previously calculated values of supply and
demand for empty means of transport should be created. The next stage is to solve the transport task using the
Solver add-on, which will contain the objective function, decision variables and limiting conditions. The above-
described calculation methodology is presented in Fig. 5.
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Fig. 5. Methodology algorithm.

The methodology described above will beillustrated with a numerical examplein the second part of this work
entitled Optimisation of road transport performed by empty vehicles, A Case Study from Poland - Part 2.
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