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Abstract. The article deals with very topical problems asvadays environment
protection is very actual and one of the most obwiareas is freight transport, because it
is an important creator of greenhouse gas and @mwient pollution. Countries face to
big public pressure to decrease negative ecolodicalalso economical and social
impacts of freight transport. The aim of the adit$ also showing how to deal with
improving of environmental performance of freighartsport as there are many ways
how to reduce carbon dioxide (@O international road and rail freight transport.
Generally actions could be divided to technical aod-technical measures.
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1 Introduction

Our society is highly mobile as a result of globation, which brings with itself an
increase in the international transport of goodswben countries and continents. The
European Commission introduced within the Transpdhite Paper interesting roadmap for
the future of transport until 2050 in the year 20Hige changes in the road freight transport
push to the increase of environmental, reliable efiitient transport system. Plus freight
transport is an important environment’s contributir the pollution and impacts the
environment in various ways including the greenkoaffect, toxic effects on ecosystems,
toxic effects on humans, land use (by infrastructauch as roads), noise, and resource
consumption [1] Different modes of transport en@tying amounts of greenhouse gases, [2]
for example, estimates the g€ontent of gasoline and diesel to be 2.32 kg/L 2u6d kg/L,
respectively. For electrically powered vehicles,igsions depend on how the electricity is
generated, varying from burning coal to waterciaft.

On the other hand heavy duty vehicles were resptenr around 30% of road transport
emissions, that is, more than 5% of EU Greenhowse (GHG) emissions. This implies that
less than 5% of all vehicles on the road emit atloB86% of road transport G@missions.
Moreover, forecasts for this highly polluting modee negative: Heavy duty vehicles
emissions are projected to rise 22% by 2030. [4]

Slovak republic as well as many other advanced tcesnis facing to big pressure to
make greener the freight transport logistics. Goeavs is, that in 2015, greenhouse gas
emissions in the EU-28 were down by 22 % comparétl %990 levels, representing an
absolute reduction of 1 265 million tonnes of &Quivalents, putting the EU on track to
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surpass its 2020 target, which is to reduce gragsethgas (GHG) emissions by 20 % by 2020
and by 40 % by 2030 compared with 1990. [5]

2 Modal split in the EU-28

Every production unit that wants to be competitive the present day should be
characterized by a suitable combination of neededygtivity, flexibility and quality. [6]

But the production efficiency is not only aspedcittiis necessary to consider when the
company wants to develop. It is advantageous takthn several steps forward and
incorporate all aspects of production processtimtoplans and management decisions. One of
the issues that influence a product price is astrartation of semiproducts/row materials and
final products. [7,8] Transport is thus an impottagpect of competitiveness, and at the same
time an instrument of competitive struggle, becahseenvironmental aspect is getting to the
forefront.

The largest share of EU freight transport has rtradsport among the three inland
transport modes (rail, inland waterways, and rgadsport). Road transport accounted for
over 3/4 (around 75%) of the total inland freigtatnsport and the share is stable, fluctuating
between 74,7% (lowest value in 2012) and 76,4%h@sdgvalue in 2016) as showigure 1.

[9]

The modal split between the different modes of dpanmt is without huge changes for
several last years, but national statistics shav thanges are more noticeable in individual
countries.
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Fig. 1. Freight transport in the EU-28: modal split ofaintl transport modes (% of total tonne-
kilometres) [9]

Total inland transport increase andTable 1 shows in the period 2011-2016 growth was
almost 100 billion tonne-kilometres in EU-28.



Tablel. Transport performance of inland modes (milliom}kn EU-28 [9]

Year Rail Inland waterways Road Total

2011 422 097 141 969 1699 186 2 263 252
2015 415 644 147 471 1714 323 2 277 438
2016 411 284 147 317 1803523 2362124

But inland transport brings cost which can be dididnto internal and external cost.
Taking only freight transport, internal cost (soimets referred to as marker or private costs)
are the costs borne directly by road freight tranispperators.

Internal costs include:[10]

- operating costs (closely related to the leahaulage activity and include fuel, repair
and maintenance, human labour, taxes, depreciatifrastructure charges, insurance
etc. )

- capital investments in facilities and vehicles

External costs

are externalitiesTable 2) which are carrying over from the road freigtdaffic to the
society as a whole. This is a reason why extefesldre not taken into account by transport
users normally. These costs are paid by publichgdheir originator as logistics or transport
operators, manufacturers, producers, etc.

Because of these facts, there is enormous pubdisspre for more effective ecological
regulations for the market players and not onlyth® social and environmental impacts of
trade, but it is also political question.

Table2. Freight transport externalities [11]

Ecological impacts 1) Air pollutant as for example Carbon monoxidetrdien
oxides, Hydrocarbons, Sulphur dioxide...

2) Greenhouse gases cause climate change

3) Low recycling of waste products such as tires @ih

4) The use of non-renewable fossil fuel

5) Destruction of local ecosystems and extinctibspecies
Economic impacts 1) Damage of road construction

2) Traffic Congestion

3) Accidents which include the costs of personalrias and
deaths, emergency services, medical services, datoaghicles
and properties and administration connected withaahed
higher

4) Waste of resources




3 Freight transport and itsrelation to the environment

Environmental aspects play big role in decisionys®s, at which many other aspects are
usually necessary to take into account, but themgdtion criteria considering the pollution
have a great robustness and effect on the finasidaecvery much[12]

New technologies in all fields of industry are deped today that try to be
environmentally friendly. However, not just the Heology itself, but also the testing
conditions, equipment used during the experimeagsyell as the waste material processing
are set in the way to be favorable to the globairenment including logistic§13]

The European Union supports the global effort torei@se and reduce GHG emissions.
On 4th November 2016 entered into force Paris Aged on climate change which central
aim is to hold the increase in the global tempeeata well below 2°C above pre-industrial
levels and to pursue efforts to limit the tempematincrease to 1.5°C above pre-industrial
levels. [8]

Comparison of greenhouse gas emissions (by soimc&P90 and 2015 shows, that
transport produces more greenhouse gas emissions.

Table3. Greenhouse gas emissions, by source sector, HU4P8

Greenhouse gas emissions 1990 2015
Waste management 4% 3%
Agriculture 10% 10%
Industrial processes and product use 9% 8%
Transport (incl. international aviation) 15% 23%
Fuel combustion and fugitive emission$2% 55%
from fuel (without transport)

Table 3 also clearly shows that only one sector is withatiwe environmental trends -
transport. Opposite to the other sectors, onlyspart’s GHG emissions are higher from 1990
to 2015. On the other hand, next sectors were @bldecrease, slow or stop the trend of
increasing emissions. This is one of the main nessahy EU tries to solve the situation and
give high accent on railway cargo transport. Beeaof it, member states are obligated to
make liberal reforms of their national rail freighdnsport and promote modal shift from roads
to rails.

More than 60% of freight transport in EU28 is dona road. Comparison of the GO
emissions of freight transport shows that roadkisuand aircraft have significantly worse
impacts as waterways and railways as is seé&ngur e 2.

Trains appear to be a medium with a low carbonpigot, diesel trains have very low
CGO, emissions even though increasing their efficieiscyiot very much on the “program of
the day”. On the other hand, the efficiency of nmadaectric trains has much greater potential
due to utilization of power electronics and regatige braking although the effects are partly
compensated by the increase of energy consumptzonks to higher speed.
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Fig. 2. CO,emissions per tkm for freight transport

Table4. Rank by share of total greenhouse gas emissionsuytries in EU-28

Rank by share| EU-28 country Share
1. Germany 20,8%
2 United Kingdom 12,1%,
3 France 10,7%
4, Italy 9,9%
5. Poland 8,7%
6 Netherlands 4,6%
7 Czech republic 2,9%
8 Belgium 2,7%
9. Romania 2,6%
10. Greece 2,2%
11. Austria 1,8%
12. Portugal 1,6%
13. Bulgaria, Ireland, Hungary 1,4%
14, Finland, Sweden 1,3%
15. Denmark 1,1%
16. Slovakia 0,9%
17. Croatia, Lithuania 0,5%
18. Estonia, Slovenia 0,4%
19. Latvia, Luxembourg 0,3%
20. Cyprus 0,2%
21. Malta 0,1%




Table 5 shows clear and perfect evidence of health andramental effects of the
biggest air pollutants.

Table5. Health and environmental effects of air pollutantl greenhouse gas from freight transport [11]

Air pollutant/greenhouse | Health/environmental effects
gas

Carbon dioxide C® CO, is an asphyxiant gas and although it is not dia@sisas toxic or harmful, it
is very important greenhouse gas. Its concentrdtianincreased by about 359
from the beginning of industrialization. Contribatto global warming.

5

Carbon monoxide CO CO it is colorless, odorlesstasttless, but highly toxic and poisoning by CO
is the most common type of fatal air poisoning @y countries. It combines
with hemoglobin to produce carboxyhemoglobin, whishirps the space in
hemoglobin that normally carries oxygen to bod#gties. In high
concentration can cause death, in low affect nengystem.

Hydrocarbons Hydrocarbons are air pollutants abagefjreenhouse gases. Can cause
respiration problems, skin irritation and in lomgrh lung function impairment.
Hydrocarbons also create tropospheric ozone anlilsote to global warming.

Nitrogen oxides Both - air pollutants and greenleogeses. Forms nitrous and nitric acid
contributes to eutrophication and acidificationu€es pulmonary problems an
is involved to creation of tropospheric ozone aodtibutes to global warming

[=}

Sulphur dioxide S© SQGis a toxic gas with a pungent, irritating smellisle major air pollutant and
has significant impacts upon human health. In &adithe concentration of
SG;in the atmosphere can influence the habitat slittabor plant
communities, as well as animal life. §nissions are a precursor to acid rai
and atmospheric particulates.

Particulate matter Atmospheric aerosol particlesy known as atmospheric particulate matter,
particulate matter (PM), particulates, or suspergiticulate matter (SPM) are
microscopic solid or liquid matter suspended intEEaratmosphere. They affeq
the climate of the earth by changing the amoumadming solar radiation ang
outgoing terrestrial long wave radiation retainedhie earth's system. Causes
breathing problems and some constituents (eg apmiyatic hydrocarbons)
may be carcinogenic

—

To shift freight transport from road to railwaysdawaterways seems to be necessary
because of positive environmental impacts. Onehef dtrategies of European Union is to
support intermodal freight transport. A request logalthy environment is topical and
important for efficient transport. But the growingternationalization of commerce has
broadened the concept of logistics to global laggstocal environmental governance should
support state efforts thru recommendations, impitgat®ns and operations occur at the local
level because international trade is not more halrtofthe environment that local or regional
trade. There is strong need to promote a regig@icach to green logistics as the main idea
is not using more frequent and smaller shipmentsvime versa to reduce the number of
deliveries and to make model shift from road tbways or inland waterways if it is possible.

4 Freight transport in Slovakia and itscurrent problems

There are several reasons, why the road freighspi@t is dominating, even more than
public and government desire. Next subhead briefyscribes the actual problems of
individual modes of freight transport, mainly roadd rail transportd=igure 3 shows goods
transfer by freight transport in mil. tons betwe®®6 and 2014
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Fig. 3. Goods transfer by freight transport in mil. tdoetween 2006 and 2014
4.1 Road freight transport

The highest volume of freight transport is by raéadlovakia. Main reason is that road
transport is more flexible in comparison with rdnsport, which with decreased ability of
rail companies to compete road transport have tbeltiences to impressed the customers. On
the other hand unequal pricing for transport irtftature use was advantageous for a long
time for road transport. When toll system of pricimas introduced (from January 1st 2010), it
immediately caused strikes of some operators whaived that any pricing changes in very
politically sensitive fields inhibits the reforminfgeight transport towards greener and more
efficient. Finally, present situation in pricingssll more advantageous for road transport.

Main problems connected with road transport are:

- still unfinished infrastructure of motorways agxpressways,

- bad quality and obsoleteness dfclass roads,

- insufficient capacity of existing roads,

- bottleneck in some nodes (for example near Zilina

- safety issues,

- bypassing tolled sections by some operators pamallel 2° and ¥ class roads what

damaging infrastructure very quickly,

- public protests against heavy lorries becaus®isfe, houses damage by vibrations,

- accidents in some critical urban and transitsrea

- investments insufficient into infrastructure.

4.2 Rail freight transport

Approximately 1/5 of total freight transport is neatby rail freight transport. Railway
infrastructure is insufficiently used because o$albte (except of modernized corridor tracks)



and with gradually degrading parameters (speeds,leads) so those make railway transport
not accommodated to modern European rolling stoCkstidor projects concentrate most of

the investment and there is resignation to moderother parts. State-owned rail companies
still prove low effort to optimize from inside. Hawer here is still exist significant market

space for increase the ration of rail and interrhfi@gght transport.

4.3 Inland waterway transport

Only Danube waterway has importance for freightgport in Slovakia as part of corridor
VII, AGN E80 which is navigable. There are threeblm ports on Danube in Slovakia
(Bratislava, Komarno, Starovo), but only Bratiskviis commercially attractive at present
time.

By connecting to the Danube, the Slovak Republidiiectly connected via the Rhine-
Main-Danube River to the international network citerways of the 15 European countries.
Southern connections are also heading to Greeckey,uand to the countries of the Near and
Far East.

River Vah is not really navigable although its gexquic position in the north-south
orientation and its almost central location on thanube-Mohan-Rhine trans-European
waterway at its mouth of the Danube is a signifigalace on European transport corridors.
The Standing Committee on Inland Navigation atlWméted Nations Economic Commission
for Europe in Geneva assigned Vah waterway in 1@05he list of future international
voyages and assigned it the international ideatifimn code E81 with the recommended gauge
of the International Voyage Class Vla and Seaed Va after Zilina.

The connection to the Danube-Odra-Elbe waterwagudjin the alternative route Vah-
Morava opens the possibility of direct connectidnStovakia with Baltic ports, but also
integration into the network of waterways of BelgrUkraine and Russia.

The ships would reach Zilina by overtaking theefifh sailing chambers. A possible
connection to Odra would require more than fiftshattle chutes and ship lifts. Alternatively,
when constructing a 2100-meter long overhead turmehip between Zilina and Bohumin
would have to overcome about thirteen shuttle creamband ship lifts.

5 Perspective for improving environmental performance of freight
transport

As was presented above, the L£€mnissions have increasing trend in transport secto
What is opposite of ambitions of G@duction targets.

There are many ways how to reduce,@®international road and rail freight transport.
They could be divided to:

1. International road freight transport: - techhit&asures and

- non-technical measures

2. Measures for C&reduction in international rail freight transport

3. General measures for g@duction in international surface freight transpohere
belongs: - biofuels and other alternative fuels

- measures aimed at volume reduction and modfil shi



5.1 International road freight transport and measures how to improve efficiency

It is obviously that fuel costs are a significaatrtpof the operating costs of heavy duty
vehicles. This is main reason why traditionallyi@éncy improvement takes important part in
engine and vehicle developments. As a consequéme@otential of improvement is limited,
mainly in long-distance transport sector.

The main technical options for improving energyigiicy in heavy duty vehicles are:

- Low rolling resistance tyres6%).

- Engine improvements:56%).

- Reduction of air resistanceq%).

- Increased weight limit to 44 or 60 tonnéd(-20%).

- Lightweight construction~7%).

- Hybrid propulsion for city buses and distributiacks £15%). [15]

The percentages between brackets are fuetuagution reduction values for new
vehicles.

To the main non-technical options for improving mgyeefficiency belong:

- eco-driving (for example to keep low engine rpm barly shifting gear during
acceleration or continual and expectable driving),

- traffic measures (synchronization of traffic ligh lower speed limits on congested
highways),

- better logistics - better organization of linbstter cooperation of transport operators, full
payload of vehicles....

5.2 Measuresfor CO, reduction in international rail freight transport

Efficiency improvement of diesel trains has notwéigh policy priority as they are
responsible only for 0,5% of the EU-28 €€émissions. Also, the efficiency of modern electric
trains greatly improved thanks to use of powertedeic and regenerative braking.

Plus, there are other possibilities for improveraaitenergy efficiency as for example:

- improvement of aerodynamics,

- decreasing friction,

- mass reduction,

- speed optimalization,

- braking reducing...etc.

5.3 General measuresfor CO, reduction in international surface freight transport

Although in the transfer sector oil is still dommaenergy source, in the long term,
because of oil possible exhaustibility, there igdpressure for using alternative sustainable
sources and nuclear power.

Biofuels have big future although they still cohtrie to climate changes because of
greenhouse gas emissions. Biofuels is still petspeand interesting field as nowadays are
developed new biofuels (also called second-gemerakiiofuels) which are expected to
achieve a reduction of 80-90% of greenhouse gasweder, biofuels will have to be
developed further.

Negative side of biofuels is price - most biofuate more expensive then fossil fuels.
Second negative effect is on biodiversity.



After biofuels follow hydrogen and electricity whiglay interesting role in the energy
supply of the transport sector from the long pointiew. Important is to say, that both are not
energy sources only energy carriers.

Last measure is to try reducing the expected gr@fthansport volume. First step could
be shift of transport volumes to the more efficiemdes of transport if it is possible. So
requirements for greener logistics are still venpital.

Conclusion

Dominate cargo transport via roads has too mangtiegeffects. Because of it there is
strong public pressure to shift the cargo from so&al rails and rivers. This also makes
logistics greener. To support intermodal freighnsport is also one of the main strategies of
EU. But higher trade internationalization made adspistics more global. Now it is clear that
successful implementation of green logistics ispusible without cooperation of global and
local environmental governance. On the other hdinés hard to solve conflict between
economic interests of logistics and the negatigagport impact to the environment. Firstly, it
is mostly political topic as without governmentseen logistics cannot be implementing
successfully and secondly strong institutional desit which are responsible for monitoring
and enforcing environmental sustainability will rhosffectively realize green logistics.
Because of it, further governments’ interventiohews to be necessary for promoting and
intervention greater environmental regulation.

As to individual logistics companies, they musfital a match between profitability and
environmental considerations. Many companies trgdopt green measures. From this point
of view railway transport sounds as good solutisnitas backbone of EU freight transport
system. It is also good answer for world environtakreality which is requiring developing it
even more. Main reason is, that railway freight$gort is not only sustainable but also more
environmental friendly than road transport.
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