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Abstract: This paper deals with the analysis and expectedlolement of freight transport and especially réraitht
transport in Slovakia and in the European Unioan$port, which ensures the movement of goods, émama people
in all countries around the world, has a signiftdafluence on the development of the national eaoyn However, this
development of transport has a negative impachergtobal ecological situation, and therefore desj¢hat eliminate
this impact, are still developing at the same tiftese devices include catalytic converters (cats)for exhaust systems
fitted to all modern propulsion systems of roadl, aad water vehicles that use burning petrol @sdl. Based on the
development of transport, the need for catalysieiived, which still use elements of the PGMst{Rlem Group Metals).
The result of the article is an analysis and exqubptredicted development of freight transport avadifreight transport
in both cases - in Slovakia and in the EU, which affect the future demand for PGMs.

1 Introduction development, production of catalysts for HDV (Heavy

Transport is characterised among the oldest and mé¥ity Vehicles) and consumption of PGMs (Platinum
important human activities, which is extremely impat  Group Metals) [2].
for the development of society. Freight transpsrtan The road freight transport transports the most good
important factor in the economy as a part of materitonnes and achieves the highest degree of transport
production and logistics. By providing a link amotig ~ Performance in tonne-kilometres. It allows the side
areas of production, circulation and consumptibonites market coverage, its flexibility is influenced thetdensity
geographica”y Separate areas of production arﬂi the road ne.tWOI“k. Due to its Versatlllty, .|t .bﬂ$eets
consumption. In the field of freight transport,terms of ~customer requirements. The road transport is awealble
transport demands, the mutual relationship of tH& flexibility, efficiency and time savings. It ithe most
individual components of the production chain can boften used to transport building materials, paraegseals,
considered: a source of raw materials - a source @Rimals, solid fuels and other shipments. It is ohéhe
necessary energy - a manufacturing company - aghask Most important transport modes within the logisfgjs
essential in the production process. Transport istegral The railway transport is the second important maide
part of almost every technological process. Therteal transport and it is suitable medium and long distan
level of transport should correspond to the teciizvel especially for bulk and extensive deliveries in ptete
of other machinery and equipment so that a sitnaib trains. The most frequently transported goods aedsf
slowing down the technological process does nateari Ore, wood, building materials and other types afdgothat
Transport processes can clearly and directly affeet do not matter the speed of transport. Rail trartspast be
performance and economic results of the manufaguri cOmbined with other modes of transport, mostly wita

process in a production organization [1]. road transport. Among the disadvantages of railway
There are different types of used means of tran§pjor  transport, itis included a high demand for invesstihfunds
. Road and urban public transport. in the transport route, security equipment, locinest
. Railway. wagons, loading stations, etc. [4].
« A
+  Water. 2 Methodology
»  Combined. The aim is to achieve a hypothesis about the future

situation of transport development, which is based

The road transport, together with the rail trangporfocused on methods associated with forecastingartbe
forms the basis of the transport system in the EWell as  said with certainty that forecasting is a regubamination
in Slovakia. Just the road freight transport igéted by of the future and the formulation of scientificiofs about
this paper, because it plays an important role he t possible versions of future developments. In peacti

~123 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 6 2020 Issue: 4 Pages: 123-127 [ISSN 2453-675X

STATISTICAL DEVELOPMENT OF TRANSPORT WHICH REFLECTS THE NEED FOR CATALYSTS
Peter Ka¢mary; Martin Straka

forecasting becomes a part of the management and Exponential smoothing:Exponential smoothing (2) is
planning process. New knowledge is gained aboutrdut a method of intuitive prediction that weighs thesetved
facts and processes by the forecasting. It fabta time series unevenly. Recent observations haveehigh
communication among the representatives from differ weight than older ones. Uneven weighing is perfarme
fields, such as e.g. administration, science, cndwement using one or more parameters that determine therigev
and governance through an illustrative form forsarult of each observation.

also includes the promotion of results in progmosti

practice [5]. Fyigo=aYy+ (1 —a)Fy 2

2.1 Transport forecasting Exponential smoothing models are widely used

The basis of the transport forecasting is th&iethods in time series analysis. This popularity be
specification of requirements for the transporattributed to their simplicity, computational eféacy,
infrastructure and the entire transport systems.the most accuracy, and ability to adapt to changes in tleeliption
complex part of the transport forecasting processmust process. In general, exponential smoothing is glsim
cover all aspects of development, all traffic moded the technique that gives a good forecast in a wide eaofy
possibilities of multimodality and intermodalityrafffic ~ applications. In addition, the requirements foradstbrage
forecasts are divided into four groups accordingitee  and computing are minimal [8].

horizons:
- Short-term up to 5 years. Holt method: Holt linear exponential smoothing is a
- Middle-term from 5 to 10 years. modification of simple exponential smoothing in @i
- Long-term from 10 to 25 years. two smoothing constants are used:
- Extra long-term forecasts over 25 years, normally ¢ To create the level of a given series of smoothing
up to 30 years in accordance with the provisionSDiN constantsd);
standardisation. » For the direction compensation constgit (

Sophisticated mathematical procedures are used for Due to the different trends in individual data, gien
transport forecasts, but the personality of thexponential smoothing is able to process somedstieg
prognosticator and his experience plays importalesrin - and important non-stationary processes in thesesreE.
their quality. In terms of accuracy, forecasts dW@lyears S. Gardier explains as C. C. Holt, whose model also
are very strongly dependent on the amount andtguli includes trends in time series. The final form@pf6r the
input data and also on the stability of the ecomwomprediction contains the mean coefficient and thendr
situation. Forecasts over 25 years can be considese coefficient together with the functional erraj:(
indicative [6,7].

Fyyp =Ly +pTy + € 3
2.2 Methods of forecasting

Regression analysis:Regression analysis examines This formula consists of two sub-equations for
the relationship between two or more random veembt smoothing of two parameters of the equation, nartiedy
most often examines the dependence between tweean (level) coefficient; (4) and the trend coefficieft
quantities, wheiX is called an independent variable ahd (5). The current equation for the middle level bEt
is a dependent variable. This dependency (1) camribe  equation is a version of simple exponential smogthAs
as: the trend coefficient has been added to the previou

interruption for component formulation, it will getn
y = @(x), (2) exponential decrease in the impact of the current
observation. The process has been extended one step
where ¢(x) indicates a function that describes a givebackwards along the timeline [8].
dependency.

In most cases, this function cannot be expresseahypy Mean (level) coefficient:
description, so a function is sought that best riless the Ly=aYy+Q—-a)(Ly_1+Ty-1) @)
dependency. If this dependence is found, therpibssible
to estimate the value of the dependent quaitiby any Trend coefficient:
independent quantity. Ty =By —Ly_) + (A —=BTy_, (5

The dependence between the quantities is influemged
various random influences, which are called ndissome 3 Results

cases, the magnitude of the noise may be largénantber In the following section, this paper provides aalgsis

examples it may be very small. The mean noise vialueof the development of transport, which is focusedaad

assumed to be zero [7,8]. transport, because this type of transport hasigimifisant
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impact on the production of catalysts and the comgion 3.1  Development of the road transport in
of PGMs, as the basic natural resources. Slovakia
In Slovakia, as well as in other EU countries Wsib én
The development of road transport is reflected by|| countries around the world, the road freiglansport
amount of transported goods. In this way, the dlatd forms the main freight transport. Although manyivities
forms the time series are recorded. In the firsEcahe are being taken to reduce road freight transpod an
forecast is devoted to developments in Slovakiaiankle subsequently shift it to another mode of transptre,
second case is the forecast of developments in thgnstantincrease in demand for the transportodgdoes
European Union. Due to the comparison of individughot reduce this trend much in reality. The subsetiue
results for Slovakia and EU, the main indicatotraffic overview of the deve|opment of transport and thredast
intensity is the selected traffic performance iitsiof tkm i Slovakia is the proof of this fact - Table 1 d@fidure 1.
(tonne-kilometres). The forecast is made for the next 5 years andd®ése
objectivity, the forecast is made by two traditibmethods
and their results are combined as follows: 50% H&0%
Linear regression.

Table 1 Development of transport in Slovakia
Source: https://slovak.statistics.sk

Total freigh  Road freighk Forecast
transpot transpot Holt Regressio Combinatiol

millions millions  millions

Year  millions tkm millions tkm tkm tkm tkm

200¢ 3567¢ 2748«

201( 3768: 2741

2011 3802¢ 2904¢

2012 3817: 2950«

201z 3924t 3000¢

201¢ 4084¢ 3130¢

201t 4274: 3352t

201¢ 4607: 3610¢

2017 44721 3536

201¢ 4487 3559(

201¢ 4331¢ 3388t

202( 3499t 3722t 36110

2021 3480¢ 38131 3647:

202: 3461t 3905( 36833

202: 3442t 3996 37194

202¢ 3423t 4087¢ 37555
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Figure 1 Graphic overview of the development afi$gzort in Slovakia
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3.2 Development of theroad transportin EU proof of this - Table 2 and Figure 2. And againftirecast
The development of the freight transport in the iEU is made for the next 5 years and to increase obijgcthe
similar as in Slovakia. The subsequent overviewthef forecast is made by two traditional methods andrthe
development of transport and the forecast in Sliaviakhe results are combined as follows: 50% Holt + 50%ekin

regression.

Table 2 Development of transport in the EU
Source: European Commission (2019). EU transpgtiréis. Statistical pocketbook 2019, LuxembourgiiPations Office of the
European Union

Total freigh Road freighk Forecast

transpot transpot Holt Regressio  Combinatior
Yeal billions tkm  billions tkm  billions tkm billions tkr billions tkmr
200¢ 329z 1607,:
201( 346: 1709,¢
2011 348¢ 1699,
2012 339« 1645,!
201z 343¢ 1670,¢
201¢ 348( 1677,
201t 350¢ 1713,
201¢ 3661 1803,*
2017 374 1848,¢
201¢ 388: 1798,
201¢ 395: 1816,¢
202( 1848,. 1846,¢ 1847,6
2021 1862, 1867,( 1864,7
202: 1876, 1887, 1881,7
202: 1890, 1907,: 1898,8
202¢ 1904, 1927, 1915,9
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Figure 2 Graphic overview of the development afi$ggort in the EU
4 Conclusion declination in traffic and thus its performancelviall by

Forecasts in both cases show a positive trenden tRbout 6%. This declination is caused mainly by the
development of transport not only in Slovakia Habahe —shutdown of industry and thus the economies infitise
EU. The forecasts do not include the current impéthe Wave of the pandemic crisis. In the second ancbines
pandemic situation caused by COVID-19, which wa8ther waves, this declination is minimal, becaus®agh

spread out worldwide in 2020. It is expected thee t lockdowns have been introduced again in many cmsmtr
the industries have not been shut down and the main

~ 126 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia

- International Scientific Journal about Technologies
Volume: 6 2020 Issue: 4 Pages: 123-127 [ISSN 2453-675X

Peter Ka¢mary; Martin Straka

STATISTICAL DEVELOPMENT OF TRANSPORT WHICH REFLECTS THE NEED FOR CATALYSTS

engines of the economies have not been greatlyemeak
In any case, even after the end of this COVID-1€igrthe
demand for freight and thus also road transp@xpected
to increase even more. This directly means an &serén
demand for minerals, especially PGM'’s for the piitun
of catalysts. Therefore, current research in theldvis

McCABE, R.: Development of PGM-free catalysts for
automotive applicationKinetics and Catalysjsvol.
49, No. 5, pp. 756-764, 2008.
doi:10.1134/S0023158408050224

[3] SCHULTE, Ch.:Logistika,Victoria Publishing, Praha,

1994. (Original in Slovak)

focused not only on the recycling of these PGM elets  [4] SIXTA, J., MACAT, V.: Logistika — teorie a praxel®

but also on the development of technologies thaldco

replace these elements in the future in order t@mize
costs and environmental impacts.
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