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Abstract: P According to recent estimates, transport accolrgsgjtiarter of the world's energy demand, thus itoriés
significantly to the release of greenhouse gasesst Mf it comes from fossil fuels, and thereforésiimportant that
governments support the users to choose one efvisonmentally friendly modes of transport. Onéhaf main causes
of air pollution is primarily the amount of gasesitted by gasoline and diesel engines. The aiufioh of road traffic
is determined by the number of vehicles, their maitg technical condition and the type of used.fide legal and
technical measures created to reduce the envirdamgallution include tightening the regulation whicle entry,
propagating new generation of vehicles that meet@mmental requirements and mandating an enviroaheeview.
The goal of the research is to sum up the causas péllution in large cities, focusing on theffi@oads. In the research
the writer will evaluate and quantify the enviromta impact of the use of CNG in transport basedtatistical analyses
and description of the related technologies.

1 Introduction - World energy use

Primary energy sources are those energy sources tt 2006
can be found in nature. The tremendous amount
informational, technological and industrial devetamt

that has taken place over the past decades, asawell RS

massive population growth, is constantly increasing ‘

energy demand of the Earth. As a source of enemgy,is ® South- és

still significant nowadays, despite the fact thatuad the 35% — Middle-America
world people are trying to limit the incineratioh apal. EAPODA RS
Furthermore, significant fossil fuels are crude aid = s
natural gas. As the number of revealed hydrocasborks /

will increase over the years as well as the teagies that = Middle-East
enable the use of natural gas will be significémdre will 3% 27%

be an increasing role for the use of natural gami@istion 5% Africa

of natural gas has a lower environmental impaat tha
combustion of oil, for example in combined cyclesga
turbine power plants case too. It can be noticatlttte use
of renewable energy has increased in the last absye
although it still hasn’t got as significant role the fossil

energy sources. For example, subsidies in Europed&a  |n Figure 2, the data has been summarized for 2016.

important role in wind and solar power, and bioraassed  Total energy consumption increased by around 15%®in

power generation is also having a continuous deveémt. years, but in Europe and Africa there is also dimiag
From the available data, a table has been madmt s trend in the share of energy use. There was a slindén

how much energy has been spent in different partiseo  Eyrope and 2% in Africa, although according toistiat

world in recent years. Africa basically consumes very little energy conguhto
Figure 1 shows the percentage composition of worlghe rest of the world. The largest consumer in 2&itbalso

energy consumption for 2006. According to the dA&a  pe named Asia by 42%. With a 7% increase over afsye

accounts for the largest share of total energy delrthat  practically Asia makes up for almost half of Easttotal
is 35%, and Asia accounts for nearly half of itakenergy  energy consumption.

Figure 1 Percentage Distribution of Energy Consumptn
2006, Source: www.bp.com, Own modification

demand from coal burning. Another major proporttiti Figure 3 shows the energy consumption by fuels from
has North America, Europe and. Eurasia. The leastism 2000 to 2040. It can be seen that in the last aésyenergy
of energy was consumed by Africa. use from transport has increased steadily. The igldo

reduce the intensity of consumption in the comiegadies,
and to gain space for other fuel types alongsitle oi
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Figure 2 Percentage Distribution of Energy Consuoptn
2016, Source: www.bp.com, Own modification
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environment in such a way as to harm, negativelgcaf
and cause material damage to people's lives.

Pollutants from our atmosphere can come from nktura
and artificial sources, the latter being callecheopiogenic
pollutants. Anthropogenic pollutants consist oethmain
areas: transport, energy production and industng. most
important source is burning fossil fuels in thesetars.
Examples of natural air pollutants include volcanfwith
sulphur oxides and powders), forest fires (carbon
monoxide, carbon dioxide, nitrogen oxides and pog)le
wind storms (dust), live plants (hydrocarbons, gl
(methane, hydrogen sulphide), soils (viruses, dargf)the
sea (salt).

Air pollutants may come from pointy and diffuse
sources. The sources where the concentration amd th
volume flow can be clearly determined are the egaes.
Diffusion (or surface) is the source where indirect
measurements and calculations can be used to determ
the amount of substance entering the environment.

The process of air pollution can be characterizethb
following parameters:

. emissions,

*  transmission,

. immission.

The amount of pollutants released into the atmagphe
is called emission, the unit of measure is kg/h.
Transmission is the spread of these materials,ewthi¢
ambient air quality of a given space can be charized
by the term "immission”.

Pollutants in the environment may be gases, diogs,
or smoke. One of the groups of powders:

»  the sediment dust (1000-10 mm),

» the floating dust (10-0.1 mm).

Some significant air pollutants:

. Carbon monoxide: It comes mainly from the
transport industry into the air (or mining, combois}, it
can reduce concentration and even cause death.

. Sulphur oxides: Due to the burning of fossil fuel
and the industry (production of sulphuric acid, imi ore
preparation, cellulose production), they can cause

Figure 3 Final energy consumption in transport: Gamption
by fuel, Source: https://www.bp.com/content/daniiiigihess-
sites/en/global/corporate/pdfs/energy-economicsfgnre
outlook/transport-energy-consumption-by-fuel-eo218-p pdf

respiratory diseases.

. Nitrogen oxides: Nitrogen oxides are produced in
the production of nitrogen fertilizers, nitric acid
production, transport, and energy production. They

So taking into account the data, the world's energyimarily damage the mucous membrane of the eye.
needs have continued to grow, and will likely irage. Nitrogen dioxide forms in the atmosphere with oxyged
Although the role of renewable energy sources imnevwater to form nitric acid, causing acid sedimewtati
bigger year by year, it still does not have the saabe as * Powders: Powders of varying particle size (from
fossil fuels. This essentially means that muctefworld's industry, especially mining, cement industry, costimn
energy needs will continue to be generated fronsilfos of fuels, etc.) can cause respiratory and cancetisesses.
fuels, which will increase the environmental burfigh . Flue gas: Flue gas from services and households,

or mainly from combustion processes, contains carbo
2 Presentation of air pollutants monoxide, carbon dioxide, water vapour, carbon Kylac

Materials are considered to be air pollutants, tviaiee ~ SulPhur dioxide, nitrogen oxides, methane, hydrooas,

completely independent of origin and state of th&tC: [2]
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2.1 Analysing world CO2 emissions 2.1.1 Presentation of the adverse effects of
Figure 4 and figure 5 shows CO2 emission datahfer t transport on the airspace o _
continents of the world. According to the datagan be The main cause of greenhouse gas emissions is the

stated that CO2 emissions are increasing globapite burning of fossil fuels. Harmful emissions can legivked
the fact that there is a steady decline in somasarhe from a variety of sources:

main reason for this is the high carbon dioxidessions . Industry;,

from Asian areas. There has been no increase in CO2* Energy industry;
emissions so much as there, between 2006 and 20, *  Transport;

26%. . Households.

According to recent data, most pollutants reledsed
transport directly after the energy industry, sdetailed
analysis of the exact amount of environmental burole
today's motor vehicles has done and
presented why it is extremely important that preif@sals

m North-America

® South- and search for alternative technologies, the mostiefitcway
Middle- to ensure the cleanest possible traffic, especiallyrban
America terms.
The recent smog alarms have also pointed out lleat t
1348 W Eur"p_e and environmental classification of motor vehicles isogy
Eurasia performed by specialists assigned to this taskiBicase,
our country has taken over the EU guidelines tleateh
= Middle- East been causing various problems in Germany, Framee, t

United Kingdom, even in developed western countries
Smog is made up of tiny, invisible or visible pelds

(smoke) that, when inhaled into our body, can cause

| Africa cancer, lung disease or death. This is becausee thes

particles contain heavy metals and other toxic tsulzes.
There are two types of smog:

] . London-type smog: This type is typical in the

= Asia winter months due to low temperature. Since airenoent

is small, concentrations of pollutants are mostlysed by

Figure 4 World CO2 emissions, Source: www.bp.conm O carbon burning, including carbon particles in the

modification atmosphere.
. Los-Angeles smog: It is typical in the summer

1209 2167

months, it is caused by car traffic, the sunshirmlpce
World CO2 emissions ozone from the materials released, which is alsmha
for humans.
34 000
33000 — In 1952, in London, for a 5-day smog, many people
/ died. The number of deaths was estimated at 4 6902
32 000 /
31000 N Comparison of old and new types of diesel vehicles
World CO2
30000 / emissions Old diesel-powered vehicles were characterized by
25000 huge smoke streaks that were generated by thetinpech
28 000 diesel engines. This type of carbon black is magefu
27000 larger particles so that it cannot penetrate to the
© W O N < © bloodstream through the lungs as the mucous memlafan
8 8 3 8 & o the lung absorbs these particles. Carbons enter the
atmosphere, which can cause chronic bronchitisg lun

Figure 5 World CO2 emissions, Source: www.bp.comn O damage, allergies and asthma.

modification The new types of diesel cars apparently do not emit
smoke. Particulate Filters (DPFs) (Fig. 6) have nbee
released that thoroughly filter out the generatenke,
reducing nitrogen oxide emissions. So they seem dik
environmentally-friendly vehicle, but it must alse taken
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into account that carbon dioxide emissions andararb  Population data:

black particles less than 2.5 microns are signifiga e Germany: 82 million;
increased. These ultra-small particles are novsibM, so France: 61 million;

it does not seem to emit smoke from modern diesel Italy: 59 million;
vehicles. However, these particles pass throughuihg Romania: 21 million;
mucus without problems: they immediately get irfte t England: 61 million;
blood and poison the human body more intenselyttigin Hungary: 10 million;
old type counterparts. Slovakia: 5 million;
Austria: 8 million.

In the case that these data are also taken intmatc
and proportioned to the number of population, wetige
following numbers:

The number of deaths per 10 000 people:

. Germany: 9.1;

. France: 7.0;
. Italy: 11.1;
. Romania: 12.6;
Figure 6 Particulate Filters, Source: http://dpfesp- «  England: 5.9;
tisztitas.hu/ *  Hungary: 13.0;
. Slovakia: 10.3;
In addition, particles smaller than 2.5 micronsraceh * Austria: 8.2.
more active, attracting much more heavy metalsatiner
toxic substances from the atmosphere, which aﬂaw It turns out that the worst situation of the coig#r
heavily carcinogenic and toxic. surveyed is in Hungary, while in England theréenhis least
number of deaths due to air pollution [3].
Number of fatalities Based on the data presented, it is clear thavitakfor

professionals to develop alternative technologieat t
According to the official annual report of the Epean  Minimize the pollution of the atmosphere. One afsth
Union, the number of fatalities due to smoke hawing solutions can be provided by CNG technology.
particle size smaller than 2.5 microns in 2016 is

summarized in Table 1. 3 The CNG technology
3.1 Featuresof CNG
Table 1 Number of fatalities CNG is an English abbreviation, meaning Compressed
Germany 73 400 Natural Gas. This new and promising fuel type mdly
France 45 120 expanding in transport and vehicle industry. A CNG

vehicles (Fig. 7) fuel tank is capable of storitgat 16 to

Italy . 66 630 20 kg of fuel, making it capable of an average-4D® km.
Romania 25 330 (This applies to passenger cars.) The most impbrtan
England 37 930 element of CNG is methane. Contrary to fossil fueNG
Hungary 12 890 is less likely to burden our environment, as methiaurns

. far less harmful to the atmosphere than other flrelact,
Slovakia 5 620 since it is a gaseous fuel due to rapid combusticiine
Austria 6 960 chamber, higher efficiency combustion occurs. Bienef
Source: http://kifogasokvilaga.hu/miert-karosabb- CNG powered vehicles:
modern-dizel-auto-mint-regi-csotrogany/ » Carbon dioxide emissions are approx. 10% lowen th

diesel engines and 25% lower than petrol engines.
It is clear from the data that the largest numkeini < Emission of solid particles is virtually imposi&ib
Germany and in the larger European countries, winich « Nitrogen oxide emission does not exceed the lohit
my opinion may be due to the intensity of the sgref EURO 6 norm [4-6].
more modern diesel cars in the developed countries Fuels used by motor vehicles with internal comimumsti
compared to the less developed countries. If wie &ddhe engines must meet certain conditions, namely:
numbers in Hungary, it can seem that we are inteetbe » High energy density;
position compared to other countries, but in tlaisecl did < Easy handling;
not take into account the size of the countriesthe ¢ Provide the right quantity;
question. » The combustion product should have the least furm
effects on humans and the environment [6,7].
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The last point of environmental protection is beoan
more and more emphasized today, but this condgioot
consistent with gasoline and diesel. The most itapor
element of fuels is energy density, which is atdated to

volume and weight. The price of gasoline and diesddy
volume, CNG price is determined by weight. The gper
density per mass is important because of storage.

CONVENTIONAL TECHNOLOGY :

| _,.-l"'.
- e
¢
.. :
- L. &
i |
- 4 <M

Figure 7 CNG fuelled car fuel system, Source: htpaw.slideshare.net/rubel2012/vehicle-cng-conwerdechnology

1 kg of CNG contains about as much energy asties li
of gasoline or diesel oil. In these vehicles thare
cylindrical containers with high pressure cylindticteel
or composite material located. Depending on whad laf
material the containers are made of, their weightlie 30
to 80 kg and their capacity is 90 to 150 litres.eifh
maximum permissible pressure will always depentheim
size and country of the production [4-6].

3.2 Therole and structure of filling stations

One of the most
implementation of natural gas transport is the giesi
construction and operation and maintenance ofitliregf
stations. The construction of the filling stationdathe
refuelling process itself are more complicated ttian
other fuels.

Figure 8 shows the structure of a CNG filling siati

the compressor stations is the charge capacity Nm3/
which is the typical amount of charge capacity witthe
vehicle for 1 hour. (Natural gas at 45 and ambient
pressure). Based on this, we distinguish two tgbétling
stations:

»  Slow Chargers: These stations have a capacity of
less than 100 N#h, which is about 2-3 hours for cars.

. Fast chargers: Stations with a capacity of 100
Nm3/h or higher, with a charge time of 3-8 minutes,
depending on the volume of the tank to be chargdgd [

important elements of the

Charging starts from the minimum pressure buffed, a
in principle it continues until the pressure in tumtainer
is equalized by pressing the buffer tank. In theedhe flow
rate of the natural gas flowing into the tank doasexceed
the specified limit; the system will switch to thegher
pressure tank. If the pressure in the buffer tasdches a
pre-set threshold, the compressor starts, and $éging

Compressed natural gas is produced by compresdbe vehicle fuel cylinders and the buffer storageaa
technology in the filling station area. One typifedture of nominal pressure [6].
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Figure 8 CNG refuelling station, Source: https:/Amsciencedirect.com/science/article/pii/S187551300870
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4 International outsourcing Pakistan, in the most populous province, everyith@907
The propagation of CNG vehicles is mainly influesce had to change to CNG plant. In China, 3700 CNGostat

by the nature of pipe“ne gas Supp|y in the arbe gpread have been installed in 2014, but the prOpUlSimﬁCleS

of CNG-powered vehicles in the world is differeditie to
different energy options and different politicabwis. In
2014, the world's total CNG vehicle fleet was 28iBion,

is not fully in line with the number of filling si@ns. Due
to the regulation of the 12th Five Year Plan and th
possibility of subsidies, the spread of CNG bused a

which covered 2% of all vehicles. Countries withe th trucks has been increasing in recent years [4,8].

largest natural gas station are listed in Table 2. In Africa and in the Middle East the best perforgnin
country is Egypt, with 63 000 gas-powered vehialed 95

filling stations [9].
In Canada, gas mining is significant, and natueal ig
sold at a favourable price in the form of CNG. duigion,

Table 2 Countries with the largest CNG vehicletflee

Iran 4.0 million it has many fuelling stations that serve the mbant12
China 4.0 million 000 CNG vehicle fleet. In the United States, theasion
: - is similar, there is plenty of natural gas avaéaflhere are
Pakistan 3.7 million 873 filling stations and 114 000 vehicles in theirdoy
Argentina 2.5 million [10.11]. , , _
: . Gas-fuelled transport in the South American coestri
Brazil 1.8 million is very popular. The stock is mainly made up of tidne
India 1.8 million fleet of major cities that are concentrated in Brand
' Argentina.
Italy 900 thousar Just as Figure 9 shows, when we look at CNG
: technology at European level, there are big diffees. In
Colurr.1b|a 500 thousar the first place, Italy has 1 173 filling statiodsnillion cars
Uzbekistar 450 thousan and 3 000 buses.

: Germany stands at second place with 921 statioths an
Thailand 462 thousar their numbers are growing at a high rate. The fiseld is
Ukraine 388 thousan largely biomethane from renewable energy sources.
Armenia 244 thousar The gas-fuelled traffic in Hungary has a decaderlon

history, currently about 2 000 CNG vehicles arettoa

roads. The year 2010 was a low point for the gassport,

but since then, continuous development has beguotaf
CNG has grown into one of the most important firels of 60 waste trucks and 240 buses run on the rdads.

the other Asian countries mentioned in table 2mbny Hungary there are currently 9 filling stations aerg

places in India, public transport is also use CN&Sel publicly [4].

buses. According to the decision of the Governnuént

Source: www.cngport.hu
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1173

921

Number of filling stations

177 154 136 130 108 73 47 44

Figure 9 European countries with filling statior&urce:
www.cngport.hu

41 Theroleof CNGin Hungary

Since 2010, CNG consumption in Hungary has bedFP it : c 7
latest data, th&ansport.” This can be accomplished by maintairting

rising steadily, according to the
consumption was 8 million cubic meters in 2015, and
2016 it was 12 million. This is still a significaatmount
despite we know that 50 million cubic meters otinaltgas
per month in Italy are used for transport, so therstill

vehicles have the same maintenance demand as
conventional diesel engines, ranging from 400 t® 50
kilometres, ideal for serving local passenger ne@dsthe
other hand, CNG buses for inter-use are availabléhe
market, such as Scania Interlink or Iveco [12].afat of

60 waste trucks and 240 buses run on the roads,tBeém

in Miskolc, 71 in Budapest, 40 in Kaposvar, 39 re§ed

and 10 in Zalaegerszeg. In Hungary there are dilyrén
filling stations operating publicly [4].

Seven capital companies decided in 2009 to sigttex |
of intent aimed at promoting the infrastructurehef CNG
vehicle use infrastructure. Under the contract, heac
signatory undertook to continuously update its et of
vehicles with natural gas vehicles, and the gaglgup
company in Budapest undertook to set up fillingictes
themselves. [6]

The mission of the City Transport of Miskolc iSRass
passengers in a predictable, safe and environrhental
responsible way. Reducing the emission of exhaast g
m vehicles in the case of environmentally frignd

vehicles and constantly updating them. The Cityn$part
of Miskolc is paying more attention to environménta
protection, which shows that recently, 75 new CNGds3
were sold to Miskolc. A compressed gas poweredidus

room for improvement. In the framework of the Cleafnuch more environmentally friendly than a diese,amd

Mobility Strategy, the European Union has set dé
directives that set the legal basis for suppontergewable
energy production, the use of clean and energyiefii
vehicles, the deployment of alternative fuels ahé
development of the necessary infrastructure. The
expects that the charging infrastructure for altve-
driven vehicles will be set up on TEN-T routes (M5

motorway, M7-M3 motorway and Danube route). The

¢ can be operated at 25-40% cheaper. Although thehpee

price is 8-15 million forints higher, the investnienill
return relatively quickly. Based on the calculatipfuel

t savings are approximately 30-40 HUF per miles caegha

diesel vehicles, so after 250-300 thousand létoes the
us fleet will pay off and after that operation maich
cheaper than the diesel engine.
The buses in Miskolc with CNG technology comply

European Network Development Fund receives 3 aljith the strictest Euro 6 environmental protection

projects for Hungary. Within the framework of thANr
LNG project, five LNG-L-CNG filling stations andraini
liquefying plants, which are completely independsfrithe
gas pipeline network, are going to build. Duringe t

standards, and the emission levels almost equaérto.
The environmental impact of CNG and diesel vehiagles
Hungary was first measured in Miskolc in March 2016

h under real operating conditions. During the measergs,

implementation of the PAN-LNG 4 DANUBE project, anNéoplan (diesel, Euro IV engine) and the new MAN

LNG filling and transfer station will be set upthe Csepel
Free Port, where the vehicles of three transpatose -
ships, lorries and trains - will be served withuldied

(compressed-air Euro VI motor) buses were perforored
three Miskolc lines. The comparative measuremeete w
made for 90 passengers. On the basis of the fisalts it

natural gas. The CLEAN FUEL BOX project includes th €0 be stated, that from the CNG buses 98.0-98e5% |

construction of 39 L-CNG filling points, which doonh
require a gas pipeline to operate.

nitrogen oxides (NOXx) are released into the atmesph
than from the diesel engines. Noise pollution isoal

CNG and LNG drives have a number of advamagegi’gnificantly reduced due to new buses becausediee

both for heavy vehicles and buses. The Hungariah s
completed a 2-month test with the lveco CNG traatith
a spectacular result: the vehicle achieved fueingavof
3.5 million forints per 100 000 kilometres. Suckractor
runs on an average of 120-160 thousand kilometoeisjs
about to return its price over its useful life nfef years. In
Hungary, CNG-powered buses are typically used @allo

level of the CNG engine is much lower than thatiofilar
power diesel vehicles.

Figure 10 shows the CNG filling station in Miskolc,
which is the only station in Northern Hungary. bidéion
to the company's buses, it is open to individuald a
companies throughout the day, it has an automated
payment system, allowing you to pay for a card also

public fransport, such as in Kaposvar, Miskolc. Sehe Provide an invoice [13].
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specialisation” project implemented in the framewof

the Szechenyi 2020 program. The realization offitogect
is supported by the European Union, co-financedhley
European Social Fund.
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