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The ecommerce market is gaining populargiobally every yearThis market also entails
the need to deliver the purchased goods at a time that is affordable for th©nsesf the
solutions is the use of High Speed Railway (HSR) for freight purposes, which is charac
ized by a relatively low rate of environmental nuisance. Based on the latest availa
market data and a literature review, an extensive review of thefud€R, including for
cargo transport, has been performeéthe article presents an analysis of the demand fo
express freight transport. The potential and the demand for frei§Rhave been demon-
strated. The activities and ana$js concerning the use #fSRfor freight transportwere
described Rail freight transport in Poland, Europe and Chiage characterized. Data on
the use of thédSRinfrastructure in the world are presenteHSR vehicles usdor the
transport of goodsverepresentedThe potentiaind possibilities of using freightSRin
Europe were describe@®ased on the datahé use of this type of transport seems justifiec
for LDHV shipments when the delivery time is crucial for the user and when the railw
infrastructure and rolling stock &rproperly adapted.

This is an open acceasticle under the CC BY license (http://creativecommons.org/licenses/BY/4.0/

1. Introduction Considering the emission of toxic compounds
such as heavy metalg) the EU28 countries from
According to the data of the European Enviromaonroad transport (air, rail, sea and-lamd water
mentAgency from 202712, 25], transport in the EU transport), the increment factor of the described indi-
(European Union) is the only sector in which £Ocator, dividing into passenger and freight transport,
emissiongdid not decreaseomparing t01990. More- has been growing since 2000 in both c426k How-
over, comparing the years 1990 and 2019, the amowver, in the cse of passenger transport, this increase
of emitted compound increased by 25@@nsidering is much bigger. In relation to the initial value, the
GHG (Green House Gases) emissions in the EU froindicator for passenger transport increased by almost
means of transport, the largest share of emissioB8%. Freight transport contributed to an approximate-
comefrom road transport (71.7%), which mainly conly 10% increase in the emission of harmftdm-
sists of emissions from cars (60.6%) and heavy duppundsduring 18 yearsAll of the above means that
trucks (27.1%). This state of affairs is caused by thhe transport of goods by rail has the lowest negative
availablity of internal combustion vehicles and theimpact on the environment
well-developedroad infrastructure in Europe 94 Additionally, a continuous increase in the demand
Rail transporthasby far the smallest share in GHGfor transport is noticeable, including rail transport as
emissions in the EU, accounting for 0.4%2]} alt- one of the mos€O, emission andenergyefficient [4,
hough it accounts for 8% of passenger and 19% 29, 55] and costeffective [3l]. An example of a rea-
freight transport in Europg42]. Despite the lowest son why the demand for the implementation of
share of harmful compoundsemission among all transport services is increasing is th&oenmerce
means of transport, intensiverksare being maden  market. All over the world there is an increase in the
the railway sectorto use moreefficient propulsion number of transactiontaking place via the Internet
systems [4, 44] and alternativduels [8, 48], includ- and online purchases. China is one of the largest rep-
ing hydrogen [L8, 19, 24, 4Q] to redu®@ exhaust emis- resentatives of this type of trade. An example is the
sions [3]. increase in the gxesstransport services provided in
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this country, where in 2016 the number of transported Analyzing the data from 2032020, it can be seen
volumes irreased to 31.28 billion, and the revenuahat 2018 was characized by the highest values for
from the provision of this type of servicascieased all three indicators, and years 262719 were the best
10 times since 2008 & In turn, in 2020f eppess since 2011. In the case of the mass of transported
t r ans p ounte dénd ©hinavalrdady reached theyoods, in 2018 it was 250.3 million tons, where the
level of 83.4 billion pieces (Fig. 1). This means thanhcrease from 2016 was 12.6%. Then there was a de-
the demand for services of this type is not only inerease in 20190t a value of 236.4 million tonnes.
creasing but is accelerating at aaying pace 14, 2020 was the second least favorable year in the ana-
59]. In order to cover the general demand for expregged time period (only 2016 was characterized by
transport of goods, railways are more and more oftenlover value of transported goodsa difference of
used, which on many levels can effectivelympete 1 million tonnes). The decrease in cargo mass after
with other means of transport. 2018 could hee resulted from a change in the struc-
For this reason, plans, considerations, simulatiortsire of the transported groups of goods. With the same
optimizations [2,54], predictions and real solutionslength of freight trains, the difference in weight be-
for the use of HSR (High Speed Railyafpr high tween intermodal and mass trains is completely dif-
speed freight transport [235, 51, 52, 60] have been ferent. Additionally, drastic decrease in the described
develgped. Including comparative analg of the use indicator in 2020 i(10.8% compared to 2018) was
of air transport and HSRIT, 56], as well as the punc- caused also by the outbreak of B®VID-19 virus
tuality of express parcels transpost arious means pandemic, which affected not only the Polish, but also
of transport [2] and the selection of optimal locationsthe globalrail transport marke28, 46].
of consoidation centers to reduce GH@|[mainly on

China example. Works related to Freight HSBoa  249.2 250.3
include the development ofacking of transported
goods b7], intelligent management system$],[ 2399

monitoring and calculations related to the rolling
stock [3 16] and issues related to the aeroahyics of

233.2
— 2289
HSR vehicles50. s 22438 \
This paper describes an overview of data on freight \-\ 2222 2232\,

transport in Poland, Europe and China. The key HSR
railway lines in the world, on which HSR freight
trains already run, were also presented, and the num- Fig- 2 Mass of cargo in rail freight transport in Poland
ber of which will increae in the coming years due to In 20112020 (in million tonnesjs]

a number of benefits.

2364
L]

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

59.6

/ \55_9
[ ]
500 5438,
522
50.9 50.6 i
.. 501 29
i *506

./—.

1000 10000

=3
S
S

8000

600 6000

400 4000

200 2000

Express volume [pieces x10°]

[s0TX AND] awodul ssa1dx3

49.1°
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 :
Years [-] 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Express volume (One hundred million pieces)

Express income (Hundreds of millions of CNY) Fig. 3 Transport work performance in rail freight transport in

. . . . Poland in 20142020 (in billion tonnekilometers)[45]
Fig. 1L The volume and income ekpress delivery during 2008

2020in China[59]

88.0
2. Rail freight transport
823
2.1.Characteristics of rail freight transport in Poland 703 80‘1. '\
_ . 775

In order to correctly illustrate the structure of the \ .
rail market in Poland for freight transport, the data for 743 737 738
the years 2012020 are presented below. The most 74.4 *74.0

important indicators are the mass of transported loads 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

(Fig. 2), transport work performed (Fig. 3)chopera- Fig. 4 Operational work in rail freight transport in Poland in
tional work (Fig. 4) [4]. 20112020 (in million train-kilometers)y45]
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Transport work performance in 2011 amounted to
54 billion tkm (tonnekilometers). Then, in the years
20122016, a stabilized situation was noticed, where
the annual values were between 49.1 and 50.9 billion
tkm. After this period, an increase the value of 59.6
billion tkm was noticed in 2018 (an increase of 17.8%
compared to 2016). From this year, the annual
transport work performance has decreased to a value

49.63%

7.66%

. o

13.40%

40 - 60 km/h

The share of the
number of trains
performing
intermodal

transport in
particular speed
ranges

of 52.2 billion tkm in 2020.

The characteristic of the curve for operational
work in 20132020 in Poland is very similar to the
curve for transport work. In this case, the value in
2011 was 79.3 million traikilometers. In 20122016,
the value ranged from 74 to 74.9 million train
kilometers. Then, there was a tyear increase inthe  Figure 7 shows examples of intermodal trains with
described index to the value of 88 million trainaverage speeds between reloading centers in 2020.
kilometers, which is the highest in the described tim@aximum and minimum values have been achieved
period. From 2018, a decrease to the value of 776D border routes. The highest speed is on the connec-
million train-kilometers in 2020 is visible. tion: Frankfurt OderRzepin, where trains between

Figure 5 shows the average speed for rail freigermanyand Poland cover the route at an average
transpot in general and for intermodal transport irspeed of 90 km/h. In turn, the lowest value belongs to
20132020 in Poland. The average speed for freiglthe connection: BresMa § as zewi c z e . Tt
transport in 2020 was 25.9 Km which is the highest speed of intermodal trains on the BelarusRmlish
value in the analyzed time period. In the case of iorder is 4 km/h. Average speeds of domestic routes
termodal transportthe average speed was 30.3km are var ed and range fromi 27
This means that this value is one of the lowtksing Radoms ko route t o iBNb rkonwah
considered periadThe lower average speed mayre6- r ni cza rout e.
sult from theterracingof short border sections where
the average commercial speed of trains is only
10 km/h. Nevertheless, intermodal transport inapaol
is characterized by a higher average transport spee
than conventional ikfreight transport

29.32%

Fig. 6. Share of the number of trains performing intermodal
transport in individual speed ranges in 2(25)
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*~, Freight transport in general *~~__ Intermodal transport Fig. 7. Examples of intermodal train speed in Poland in Z@2D

Fig. 5 Average commercial speed of freight trains in general and

intermodal trains in Poland in 202920 (knih) [45] Intermodal transport in Poland uses a rolling stock

consisting mainly of platform vwgons, of which there

Figure 6 presents the share of trains Carrying o@fe over 13,000 in Poland. Trailed vehicles are also
intermodal transport in particular speed ranges. Haifed for this type of transport to carry containers. In
of the transports were performed at a Speed of |e%@20, there were over 5,800 such vehicles. Consider-
than 30 km/h, and almost 30% of the number of traifdd the possibility of achieving the maximum speed of
were going with an average speed within thegeaof Platform wagons for antainer transport, the speed
30140 km/h. Only 7.66% of intermodal transportdligher than 100 km/h can only be reached by 23% of

were carried out at speeds greater than 60 km/h. ~ wagons (max 120 km/h). The other vehicles are de-
signed for a maximum speed of 100 km/h.
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2.2.Characteristics of rail freight transport in Europe was recorded in Latvia, where the decrease amounted

The transport work performanci rail freight © 42%(Fig. 9)

transport in Poland against the background of Europe- Taking into account the characte?n'_st of the
an countries for the years 2010, 2019 a@&®is pre- goods transported in the EU, the classified goods that

sented in Fig8 [43]. In Europe, only in Germany in were transported in the greatest amount in 2020 were

abovementioned years transport work performanc&€t@l ores, which accounted for 12.8% of the total

was greater than in Poland. 92D, Germany was number, taking into account tkm. Coke and refined

responsible for 30% of the total transport work pelpetroleoum products, second in thekimg, accounted
formance in the European Union, amounting to 108" g,gA), 'Lhe Iarg(_astdpart,.hovxllqever, were g%ods_ft_hzt
trillion tkm (twice as much as in Polaiids0 million ¢&n D€ characterized as: other or not identifie

tkm). In almost all countries, the described indicatéﬁs'Z%) (Fig. 10). _ o
increased in 2020 compared2010. In the case of goods counted in tonnes, in this case,

One of the indicators in rail freight is the transport(—:l‘?‘ssgc'ed goods also had the largest share of metal
ed mass of goods. In Europe, the leader in this ranki '60/0)' Cal and' crud_e petroleum was second
is also Germany. However, when comparing the ye _'1/")’ and the third major co_mmodlty was coke and
2019 and 2020, it can be stated that @@VID-19 refined petroleum (12.1%). As in the case of transport
pandemic had a significant impact ore tmass of work performance, the produpts other or not identified
transported loads. Only five EU countriesticedan constituted the largest part in the summary, as they
: ; : &%mprlsed 1/3 of the share (Fig. 11). One of the solu-
tions used in the transport of goods in Europe is also
f’ termodal transport applied to the-called LDHV
ow Density High Value) goods [7, 30].

noticed. Taking into account thmumber of transport-
ed mass the most severe situation was related
Germany, where the decrease amounted to 20 milli
tons year on year, while the relatively largest decrease
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Wetal ores South Korea (893 km). Considering such an extensive
' infrastructure, especially in China, HSR in Asia ac-
Coke and refined counts for 75% of the total length of HSR in the
efroleum .
prmiley Foroducts world. In Europe there is 21% of the total déim of
2% 8% the HSR in the world (1819 km), in the Midte East
it is less than 2.1% (1,173), in North America (USA)
Chemicals, rubber and 1.3% (735 km), and the rest of the lines (186 lane
R located in Africa, more precisely in Morocco (Fig.
12).
Basic metals; fabricated
metal products Chin L som
T it 82% - '
Coal and crude France 273
Wood and products Products of petroleum Germany 1,571
of wood and cork agriculture 73% Finland 1,120
43% 6.9% faly 821

South Korea 893
Sweden 860
USA 735
Turkey T4

Fig. 10. Rail freight transport by type of goods for main undertak-

ings, EU, 2020. Share based on tokilemetres [43] SeudiArabia 49
Austria 254
Poland 224
Other or not Metal ores Belgium 209

15,6 %

identiﬂ:}d Morocco 186
336 % Switzerland 178
United Kingdom 13
The Netherlands 90
Coal and crude Denmark 56

petroleum 0 500 1000 1500 ... 3000 3500 4000 30,000 km
12,1 %

Fig. 12. Length of the high speed railway network in commercial
operation by counyr[5]

Coke and refined

Ciaral produds. petrler products Currently, the HSR line in the world is being ex-
panded and according to the available data, 22,562 km
Wood and products Basic melals; fabricated of the line are under construction. This means that
sa% procucts of 87 % after the completion of construction, the network of
6o Ghemicals, ibber and HSR lines in the world will be 40% longdran today.

plastic, nuclear fuel
8,1%

The largest part of the expansion takes place in Asia,
Fig. 11. Rail freight transport by type of goods for main undertakWhere 16,515 km of HSR lines are currently under

ings, EU, 20R. Share based on tonnes [43] construction. 3,079 km of lines are built in the Middle
_ . East, 2,405 km in Europe and 563 km of lines in
3. High Speed Railway North America.

_ _ ) It is worth noting thasince 1990, when the total

High speed railway is a form of transport that ifength of the HSR lines in the world was 2,767 km,
gaining more popularityleover the world every year the |ength of this type of lines has increased 155
[33]. Thanks to this form of transport, including mor&imes. One of the main reasons was the launch of in-
and more easier access to high spe@dmunication tensive operations in China, where, among others, in
for ordinary passengers, the possibilities of dailygpg, the fastest faiay route in the worldhose days
commuting of employees from distant regions to thgeijjingi Tianjin, was put into use with a maximum
place of emplgment increase significantly [17Eve-  speed of 350 km/tSo fa it is still the fastest railway
ry year, multimillion investments are made to expangine in the world.Countries with the fastest railway

the railway network adapted to ming at high speeds. |ines having a maximum speed limit of 320 km/h are
According to UIC (Intenational Union of Railways) japanFrance and Morocc(Fig. 13).

[5] data, there are 20 countries in the world that have pye to the length of the HSR lines, China is in first

high speed railways, and the total lengftHSR lines  place. However, taking into account the density of the
in the world is 56,30 km. _ ~_ HSR network, the index of HSR lines per%af the

The country with the most extensive HSR isr@hi country, China is 8in the ranking (3.989 m/ki
It is a world leader in this area with 38,283 km ofrhjs is due tathe enormous area of the country and
lines. For comparison, the second country in the world significantly developed infrastructure, especially in
with the longest HSR line is Spain with 3,487 kMihe east of the country. South Korea has the densest
which is over 11 times less than China. Asian COUMSR line (8.911 m/kA), while Japan is in second
tries with HSR lines arealso Japan (3,041 kinand pjace (8.045 m/kR). European countries with the
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highest dasity index are Spain (6.892 m/Rmand
Belgium (6.846 m/krf). Among the countries with
HSR, the lowest value of the described index are cot
tries outside Asia and Europege.iMorocco (0.417
m/knm?), Saudi Arabia (0.209 m/kin and the USA
(0.075 m/km) (Fig. 14). Figure 15 and Fig. 16 show
the HSR network in Asia and in Europe, respectively.

China
Japan
France
Morocco
South Korea

320 kmh
320 kmh
320 kmh
305 km/

Spain 300 kmih
Germany 300 kmth
Italy 300 kmih
Belgium 300 kmih
The Netherlands 300 kmh
United Kingdom 300 kmih
Saudi Arabia 300 kmh
Denmark 250 kmih
Turkey 250 kmih
USA 240 kmih
Austria 230 kmh
Finland 220 kmih
Switzeriand 200 km/h
Poland 200 kmih
Sweden 200 km/h

0 150 200 20 300 350

Fig. 13. Maximum speed of higtpeed rail network
by country (2020) [5]

South Korea 891
Japan 8.045
Spain 6.892
Belgium 6.846
France 5.028
Germany 4.399
Switzerland 4312
China 3989
Finland 3309
laly 3.056
Austria 3.032
The Netherands 2151
Sweden 1910
Denmark 1.037
Turkey 0.924
Poland 0.716
United Kingdom 0466
Morocoo 0.417
Saudi Arabia 0.209
USA = 0075
0 1 2 3 4 5 6 7 8 9

Fig. 14. Density of the highpeed network in 2@2(metersof
high-speed linesbuntry aea in kn [5]

—_—
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> 300 km/h
e 250.1-300 km/h
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160-200 km/h

al
/

S

Fig. 15 Japan, South Korea and China Railway H8peed
(CRH) lineg[5]

350 km/h

10

High-Speed Railway Lines
= Commercial operation

Fig. 16 High-speedailwaylines inEurope[5]
4. Freight high speed trains

Rail transport using HSR was designed with pas-
senger transport in mind. This is also confirmed by
statistics, which say, among other things, that in China
in 2020, despite th€OVID pandemic, 2,357.7 mil-
lion passengers used these services, and in Japan
354.6 million passengers. This means that this type of
transport has become a generally accessible form of
transport for passengers. Due to the fast travel time,
this type of railway has a significant potential for the
transport of goods. The use of HSR feeight ser-
vices is not only a plan, but is already being imple-
mented on certain sections of the railway lines. Ex-
amples of the use of HSR in freight transport are pre-
sented below.

4.1.ETR.500 M-01rail vehicle

The world's first high speed freight lineaw/ put in-
to operation on November 7, 2018 by the Italian oper-
ator Mercitalia Fast (Gruppo FS ltaliane). The line
connects the MaddaloMarcianise terminal in Caser-
ta with the Bologna Interport (approx. 550 km) (Fig.
17), one of the most important logcst hubs in north-
ern Italy [36, 37]. Trains used for this operatiofBig.
18) are specially modernized and designed to
transport timesensitive products for customers such
as couriers, logistics operators, manufacturers, distrib-
utors and developers.
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Fig. 17. ltalian high speed rail route used for freight transfg6}

Fig. 18.The Italian high speed freight train ETR-01 Fast, Fig. 20. Freight space in one of the wagons of the EFT®RINFast
a modernized version of the ETR 500 veh[&88] train by Mercitalig[36]

For this special and innovative service, the ETR One container takes up a space of about and it
500 multiple unit rail vehie (currently classified as is possible taransport up to 250 kg of goods in it.
ETR M-01 Fast) was used, consisting of two multiThe shipping unit is designed for easy and quick load-
system drive unit§ E.404.514, E.404.516, and 12ing and unloading due to the use of wheels (Fig. 21).
passenger units. Adaptation of passenger units for
freight transport was made in workshops in Vicenza
and Voghera. The air contihing system and 220
volt static transducers for passenger services and elec-
trical sockets have been removed. This operation had
to be performed to compensate for 3.6 tons of ballast
in order to maintain stability. The wagofmits) are
equipped with aife suppression system compliant
with the TSI 2014 specification by means of two fire
extinguishers and special ceiling smoke detectors.

Each vehicle also has two cameras connected to a
screen in the driver's cab. The lighting is made of
neon tubes placesh the ceiling alongside the vehicle.

The transport capacity of the modernized vehile rig 21 | oading of containers on wheels to the high speed freight
equalto 18 road serdirailers or two Boeing 747 air- train ETR M01 Fast [34]
planes. The cargo space is divided into 12 sections,
called wagons after modernization. Each wagon has In terminals the loading and unloading of wheeled
17 load spees (boxes) called "racks" and numbered igontainers is carried out by means of 12 removable
ascending order from 1 to 17 (Fig. 19). In total, in onelatforms that connect the warehouse dock with the
wagonthere is space for 60 containers with dimerlevel of the train floor. The operations are therefore
sions of 7280 180 cm (Fig. 20). only performed through one door (Fig. 22). The use of
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