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load units in European countries in 2021 is shown, taking into account mass of
transported goods, transport performance and average transport distance. Goods in the
intermodal transport are carried out in container, swap bodies, semi-trailers and road
sets. The most frequently used loading unit is the container. Semi-trailers is the most often
used loading unit in road freight transport. However, semitrailers are rarely used in
intermodal transport in most European countries. In the case of Poland, the share of

intermodal transport of containers and swap bodies by rail constitutes a significant share
in the European market, however, the transport of semi-trailers and road sets is still a

Intermodal transport
Combined transport
Intermodal loading units
Freight railway

ratherunpopular form of transport compared to other European countries.
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1. Introduction

Intermodal transport is the transport of goods in
which more than one means of transport is used [7].
An important assumption is also the use of the same
loading unit during the entire transport process [13].
In intermodal transport, the most popular loading units
are containers, swap bodies and semi-trailers.

Intermodal transport has gained in popularity,
mainly due to the significant reduction in the costs of
reloading goods. The use of unified loading units al-
lowed for a significant reduction in the time of load-
ing and unloading goods and limited the risk of its
damage [6, 18]. In addition, a loading unit with stand-
ardized dimensions enables easier planning of the
transport process [19, 21].

The most frequently used loading unit is the con-
tainer, which is particularly common in sea shipping
[5]. The standardization of its dimensions and tech-
nical parameters in 1968 by the International Organi-
zation for Standardization (ISO) contributed to the
wide use of the container [11]. The use of the contain-
er has brought many positive aspects such as time and
cost reduction. An example is the costs of reloading 1
ton of goods in the ports in 1956, where the conven-

tional methods costed $5.86, and with the use of
a container costed only $0.16 [10].

Another type of the loading unit is swap body
which is less popular than the container. It is a type of
loading unit in the form of a box detachable from the
chassis of a road vehicle, and is also transported by
railway. Swap bodies equipped with four supporting
legs are lighter than containers and are usually not
suitable for multi-level storage [9].

An important loading unit in intermodal transport
is semi-trailer. There are universal trailers and special
trailers [17]. Universal units do not require changes in
the construction. Due to the wide availability on the
market, they are used especially in road transport [12,
15]. In the case of special trailers, they are appropri-
ately adapted to rail transport. Units that require minor
structural changes to enable appropriate reloading are
used more often, such as semi-trailers for transport in
pocket wagons [20]. There are also bimodal units on
the transport market that require major structural
changes. These units in the train composition, be-
tween the supports on the bogies, constitute the self
load-bearing structure and transfer the longitudinal
railway forces [14, 16].
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Fig. 1. Types of loading units used in railway intermodal transport

In intermodal transport accompanying for Rollende
Landstrasse systems [8] and Flexiwaggon [2, 3]
a complete road set is transported on the railway plat-
form (a truck unit with a semi-trailer). However, in
the intermodal transport accompanying the Modalohr
system (where the wagon is equipped with two load-
carrying platforms), when disconnecting the road set,
the semi-trailer is loaded on one platform, while on
the other platform, the truck unit is loaded with the
truck from the next road set [4, 25].

These intermodal loading units (Fig. 1) are trans-
ported in European countries in different amounts. In
some countries, only the transport of containers is
used, in others, especially highly developed, thanks to
appropriate subsidies, the use of semi-trailers is en-
couraged to relieve congested roads and protect the
environment. The following article presents analyzes
of intermodal transport in selected European countries
by railway in 2021.
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2. Analysis of the railway transport of intermodal
loading units in Europe

2.1. Containers and swap bodies

Figure 2 shows the volume of intermodal rail
transport of containers and swap bodies in European
countries in 2021. The data was prepared on the basis
of the Eurostat data [24]. On the basis of the diagram,
it can be seen that most of the transport of containers
and swap bodies in Europe by railway is made in
Germany (72 million tons (t), 35.2 billion tonne kilo-
meters (tkm)). The average distance for which this
type of cargo was transported was 488.51 km. Con-
tainers and swap bodies are transported to a large ex-
tent in Poland (23.6 million t, 7.8 billion tkm), which
in the ranking for 2021 this country took 3" place in
Europe in terms of the mass of the cargo transported
and 4™ place in terms of transport performance. The
average distance for which the discussed type of loads
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Fig. 2. The volume of intermodal transport of containers and swap bodies by railway in European countries in 2021. Mass, transport performance
and average transport distance (own study according to Eurostat data [24])
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were transported was 330.9 km. Poland, apart from
Germany, was overtaken only by Italy (46.4 million t,
10.7 billion tkm) and taking into account the perfor-
mance transport France — 12.2 billion tkm (21 million
t and a relatively large average distance of 582.6 km).
In the case of the average distance for which contain-
ers and swap bodies were transported in Europe by
railway, Greece came first with 601.7 km for 2021.
The top ten also includes countries transporting
containers and swap bodies at a level not much small-
er than Poland, these are Switzerland (21.8 million t,
5 billion tkm, 229 km), the Netherlands (19.3 million t,
3 billion tkm, 157 km), Turkey (17.9 million t, 6.9
billion tkm, 384.6 km) and the Czech Republic (11.9
million t, 2.9 billion tkm, 242.6 km). Eurostat data
from 2021 does not include transport in Great Britain,
Belgium or Austria [20]. The United Kingdom left the
European Union on January 31, 2020. Data recorded
in 2019 by the Statistical Office of the European Un-
ion indicate that the United Kingdom was ranked
high, 6th in Europe in container and swap body
transport (15.6 million t, 8.9 billion tkm). Data rec-
orded in 2013 show that Austria was ranked 3" in the
intermodal transport of containers and swap bodies by
rail (14.4 million t, 2.8 billion tkm). Belgium is also
making use of its potential, with a large number of
containers being reloaded onto railway wagons at the

second largest port in Europe, Antwerp. Eurostat data
from 2011 on the transport of containers and swap
bodies by rail in Belgium indicate a weight of trans-
ported cargo of 15.6 million t and transport perfor-
mance of 2.1 billion tkm.

The average values for a single country for 2021 in
the case of intermodal rail transport of containers and
swap bodies among the selected countries are as fol-
lows: mass of transported goods — 11,823 million t,
per-formance transport — 4308 billion tkm and aver-
age distance 364.34 km.

2.2. Semi trailers

Figure 3 shows the volume of intermodal rail
transport of semi-trailers in selected European coun-
tries in 2021. It can be seen that, similarly to the
transport of containers and swap bodies, the largest
number of intermodal rail transport of road semi-
trailers in Europe takes place in Germany. Taking into
account both the mass of the cargo transported and the
transport performance (28.6 million t, 17.7 billion
tkm).

The following places in terms of the mass of trans-
ported goods are followed by: Italy — 10.9 million
tonnes (2.4 billion tkm, 216.7 km), Switzerland — 5.5
million tonnes (1.34 billion tkm, 244.5 km) and
France — 3.7 million tonnes (1.2 billion tkm, 325.6
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Fig. 3. The volume of intermodal transport of semi-trailers by railway in European countries in 2021. Mass, transport performance and average
transport distance (own study according to Eurostat data [24])
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km). Poland, with the result of 0.925 million t (0.213
billion tkm, 230.3 km), was placed 8th in the ranking.

In the case of transport performance, Sweden is in
second place after Germany, where in 2021 the result
was 2.5 billion tkm. It is caused by transports carried
out over very long distances, where the average dis-
tance was 706.1 km. It is a distance longer by as much
as 86.8 km compared to the second place in the list of
Germany (619.3 km) and by 209 km longer than in
the third Spain (496.8 km).

The average distance of semi-trailer transport in
the case of Germany is longer by 26.8%, i.e. 130.8
km, compared to the transport of containers and swap
bodies (488.51 km). In the case of the leader — Swe-
den — this difference is even more visible and amounts
to 35.1%, i.e. 180.6 km. This may be associated with
greater profitability of this type of transport over
longer distances.

The average values for a single country for semi-
trailer intermodal rail transport among the countries
included in the list are as follows: mass of transported
goods — 3991 million t, transport performance — 1853
billion tkm and the average distance of transported
464.20 km.

Based on the data presented in Fig. 2 and Fig. 3, it
can be seen that the transport of containers and swap
bodies in Germany, taking into account the transport
performance in 2021, is only twice as large as the
transport of semi-trailers. In the case of Poland, this
difference is much greater. Based on the presented
data, it can be noted that the transport of road semi-
trailers in Poland, taking into account the transport
performance in 2021, is 37 times smaller than the
transport of containers and swap bodies.

Alpine and Scandinavian countries occupy a high
position in the transport of semi-trailers. Taking the
example of Switzerland, due to the upland or moun-
tainous terrain, this country imposes numerous re-
strictions on road transport or even makes it impossi-
ble to transport cargo on selected routes. The regula-
tions impose the obligation to transport semi-trailers
by rail on specific sections. A frequent phenomenon is
that in transit transport many trucks are loaded at the
border and unloaded at the next border.

2.3. Road vehicles

Figure 4 shows the volume of rail transport of in-
termodal road sets (truck unit with a semi-trailer) in
accompanying transport in European countries in
2021. The largest number of transports of road sets in
Europe by rail, taking into account the mass of the
transported cargo, takes place in Italy — 3.37 million
tonnes (314 million tkm, 93.3 km) and taking into
account transport performance in Switzerland — 479
million tkm (2.18 million t, 219.5 km). Significant

volumes of transport of semi-trailers with trucks are
recorded in Germany (2.23 million t, 134 million tkm,
60.04 km). This country ranks second in Europe in
terms of the transported mass of cargo and fourth in
terms of transport performance. In terms of the mass
of loads, the fourth place is taken by Slovenia (0.858
million t, 16 million tkm), with intermodal connec-
tions "RoLa" on the Wels (Austria)-Maribor (Slove-
nia) route.

Bulgaria and France had a slight share in inter-
modal accompanying transport, in which in 2021,
where respectively 2 thousand tons and 1 thousand
tons of cargo mass were transported in road sets by
railway. In the case of transport performance, in these
countries the values of the described index were much
lower than for other countries and amounted to 1 mil-
lion tkm in the case of Bulgaria, and in the case of
France, the value was even below 1 million tkm.

Austria also plays an important role in transport of
the road sets in Europe. Data recorded in 2013 by the
Statistical Office of the European Union, last availa-
ble, show that Austria had the largest transports in the
transport of road sets (7.2 million tonnes, 1.1 billion
tonne-kilometers).

Accompanying transports were also registered in
Poland in 2021. During this period, a total of 636,000
tonnes of goods were transported using the discussed
transport method. 147 million tkm were performed by
this type of transport. The average distance for which
the goods were transported was 231 km.
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Fig. 4. The volume of intermodal transport of road sets (truck unit with a
semi-trailer) by railway in European countries in 2021. Mass, transport
performance and average transport distance. [Own study according to
Eurostat data [24]]
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To sum up, most road sets in Europe are transport-
ed by railway in the following countries: Italy, Swit-
zerland and Germany, which actively support accom-
panying transport through appropriate programs that
subsidize Ro-La transport. In 2021, for the described
group of countries, the average values were: mass of
transported goods — 1.325 million t, transport perfor-
mance — 156 million tkm and the average transport
distance — 117.6 km. An interesting fact is the very
short average distance that the road sets were trans-
ported by railway. This value is almost 3 times lower
than the average for containers and swap bodies and 4
times lower than for semi-trailers.

Conclusions

Based on the analysis of intermodal rail transport
in Europe, it was concluded that selected loading units
participation in the total number of all units is: con-
tainers and swap bodies (80% for the mass of trans-
ported goods, 78% for the transport performance),
semi-trailers (17% for the mass of transported goods,
21 % for transport performance), road sets (3% for the
mass of transported goods, 1% for transport perfor-
mance). The conducted analysis confirms that the
most frequently used units in intermodal rail transport
are containers and swap bodies (the proportion of
containers to swap bodies are 78% to 20% respective-
ly [26]). The largest number of loads transported on

railway wagons with the use of semi-trailers and road
sets occurs in highly developed countries, including
Germany, Switzerland, Italy, which actively support
intermodal transport through appropriate subsidy pro-
grammes.

The semi-trailer is the most frequently used uni-
modal road transport unit in Europe. The highest
number of registered semi-trailers in Europe is in
Denmark, Poland and Germany, respectively. Howev-
er, semitrailers are rarely used in intermodal transport
in most European countries (including Poland). This
situation is due to the lack of appropriate technologies
enabling the transport and reloading of these load
units. A good example is the transport of road semi-
trailers on railway wagons in Germany, where, includ-
ing the transport performance in 2021, the transport of
semi-trailers is only two times lower than the transport
of containers. Comparing with Poland, including the
transport performance in 2021, the transport of semi-
trailers in intermodal transport is 37 times lower than
the transport of containers.

Semi-trailers with docking sockets for vertical
loading represent a small number of registered semi-
trailers in Europe. Therefore, it is important to support
the development of technologies enabling the
transport and reloading of standard semi-trailers, as
they constitute the majority of the rolling stock used
on the roads.

Nomenclature

ISO International Organization for Standardization
TEU Twenty-foot Equivalent Unit

t tons
tkm tonne-kilometre
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