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Abstract

The paper is a result of research work carried out under the project EMITRANSYS for shaping ecological
transport system. The paper presents selected aspects of emission and concentration of harmful compounds of exhaust
gases generated by road transport. It also presents the share of harmful compounds emitted by road transport in
comparison with the emission from other sectors of economy. Transport policy should encourage the usage of energy-
efficient and less environmentally damaging modes of transport and their efficient use. The paper analyses the
emissions of selected pollutants and their estimated contribution to the total emissions of road transport. It also
presents selected aspects of the identification of areas with the highest emissions of harmful compounds in Poland
against the European Union. This analysis provides a basis to identify the instruments to prevent and reduce pollution
arising from transport activities. In particular, variable emission of selected components of fumes according to the
velocity of passenger vehicle. the measured values for NO, concentration in the UE countries in 2011, the measured
values for CO concentration in UE countries in 2011, the measured values for PM10 concentration in UE countries in
2011, the measured values for PM2.5 concentration in UE countries in 2011 are presented in the paper.
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1. Introduction

Emissions originating from the transport are more harmful to humans then those resulting from
industrial pollution, because impurities are spread by vehicles in close proximity to humans and at
high concentrations at low altitudes. Air pollution [4] depends on many factors. These include fuel
composition, engine characteristics and the standard of maintenance, type and basic characteristics
of vehicle, deployment of infrastructure, rate and place of congestion, etc. During the combustion
of fuel in the engines of motor vehicles many different volatile products and mechanical particles
appear. Recently conducted researches on emission under real conditions present that levels of
emission of harmful gaseous compounds [4, 8, 9], and solid particles [12], [13] is much higher
than from industry. European Union directives focus mainly on particles that significantly
contribute to the destruction of environment, health and global climate change.

The exhaust gases contain compounds harmful for living organisms like carbon monoxide
(chad) — CO, hydrocarbons, including — THC, nitric oxide — NOx, particulate matter (soot) — PM,
which are governed by the exhaust EURO standards and NO, — nitrogen dioxide, SO, — sulphur
dioxide, NMHC — non-methane hydrocarbons as well as harmful to the environment: CO, —
carbon dioxide, CO,E — equivalent carbon dioxide, NH; — ammonia, N,O — nitrous oxide, CH4 —
methane.

The fundamental quantity stating ecological characteristics of vehicles is emission of
pollutants, which is a derived from emission (the mass of pollutants) compared to the distance
travelled by the vehicle. Pollutant emission is a function of velocity. It is assumed that the total
emission of pollutants from motor vehicles in the area is the sum of emissions [7]:

— from engines heated to normal operating temperature,
— resulting from heating engines to normal operating temperature,
— related to evaporation of fuel from the fuel system of the vehicle.

Thus, the indicators should embrace the average speed for the road [17] as well as the unit
emission levels of various pollutants per unit of distance (g / km) or energy (g / kWh) for CO, HC,
NOy, CO,. In addition, the mass and concentration of particle matters of each type per unit of
distance (g/km) or energy (g/kWh) depending on the type of fuel used or the type of vehicle
propulsion should be taken into account. Fig. 1 presents the emission of selected exhaust gases
components depending on the vehicle speed.
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Fig. 1. Variable emission of selected components of fumes according to the velocity of passenger vehicle. Source:
own research based on [18]

The article analyses the emissions of selected pollutants and their estimated contribution to the
total emissions of road transport. It also presents selected aspects of the identification of areas with
the highest emissions of harmful compounds in Poland against the European Union. This analysis
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provides a basis to identify the instruments to prevent and reduce pollution arising from transport
activities.

2. The share of emissions from road transport

Although the road infrastructure in Poland consumes about 3% of the country, about 50% of
Poland stays in the area of direct impact of transport pollution [2]. In addition to road transport,
other sources of air pollutant (resulting from the combustion of fuels) must be considered [7]:

— combustion processes in production and transformation of energy,
— combustion processes from outside of the industry,

— combustion processes in industry; production processes,

— mining and distribution of fossil fuels,

— the usage of solvents and other,

— other vehicles and equipment; waste management and agriculture.

To compare the share of road transport to other sectors, appropriate percentages were presented
in Tab. 1.

Tab. 1. The share of sectors in national emission of NO,, CO, PM, SO, in Poland in 2011 r

Source of NOy Co PM, PM; s SO,
emission [Mg] % [Mg] % [Mg] % [Mg] % [Mg] %

Total 850745 | 100.00| 2915783 | 100.00| 257391 100.0 138857 | 100.00| 910045| 100.00

Combustion
processes in
production and 275 663 32.40 62 401 2.14 242041 9.40 17921 12.91 479 667 52.71
transformation
of energy
Combustion
processes from
outside of the
industry
Combustion
processes in 74 761 8.79 253 840 8.71 19604 | 7.62 10 996 7.92 180 240 19.81
industry
Production
processes
Mining and
distribution of - - - - 6965| 2.71 696 0.50 - -
fossil fuels
The usage of
solvents and - - - - 1952 0.76 1952 1.41 - -
other

Road
transport
Other vehicles
and equipment
Waste
management

Agriculture 10 755 1.26 - - 10773 | 4.19 490 0.35 - -

Source: own research based on [13]

88 242 10.37 1789 513 61.37 134705 | 52.33 61 144 44.03 | 243565 26.76

15 877 1.87 31079 1.07 15007 | 5.83 7296 5.25 4966 0.55

282 235 33.18 674 995 23.15 26 655 | 10.36 23 853 17.18 1345 0.15

101 850 11.97 86 203 2.96 9689 | 3.76 9 689 6.98 184 0.02

1362 0.16 17751 0.61 7836 3.04 4819 3.47 79 0.01

The harmful substances like CO (carbon monoxide), NOyx (nitrogen oxides), PM (particulate
matter PM;¢ and PM, 5) were chosen to analyse due to the fact that the amount of their emissions
are regulated by Euro standards. Sulphur dioxide SO; is presented in order to show that the share
of road transport in its emissions is negligible.

Analysing participation of harmful emissions from road transport in relation to total emissions
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in Poland against the EU countries reveals that Poland has 19th place due to CO emission, 25th
place due to NOy emissions, 20th and 16th place due to emission of particulate fractions PM;and
PM,; s, and 24th place due to SO, emission (Tab. 2).

Tab. 2. The contribution of particular pollutants from road transport in relation to total emissions in 2011 [%]

The contribution of pollutants from road transport in relation to the total emissions in
2011 [%]
UE country Oxides of | Nitrogen oxides Particular matters Oxides of
carbon (CO) (NOy) PMj, PM; 5 sulphur SO,
Austria 22.3 59.5 19.8 21.8 0.7
Belgium 14.7 49.9 28.9 315 0.2
Bulgaria 54.5 51.3 12.5 0.7 0.1
Cyprus 71.5 41.4 18.3 23.9 0.5
Czech Republic 40.8 33.6 22.6 314 0.4
Denmark 24.8 37.0 11.4 104 0.6
Estonia 11.2 345 3.8 3.2 9.1
Finland 36.5 30.8 12.1 18 0.2
France 15.6 55.2 11.3 11.8 0.4
Greece 60.3 38.0 no data no data 0.3
Spain 14.8 39.1 23.4 26.4 0.2
Holland 51.2 41.4 26.0 33.7 0.8
Ireland 54.5 48.9 25.0 29.7 0.3
Lithuania 38.9 60.8 22.1 22.5 13.5
Luxembourg no data 38.9 no data no data 1.9
Latvia 3.3 40.5 4.5 1.6 0.5
Malta 94.0 30.9 56.5 78 0.1
Germany 33.6 42.1 18.9 23.7 0.3
Poland 23.15 33.18 10.4 17.18 0.15
Portugal 20.3 42.9 6.3 6.6 0.8
Romania 26.1 48.8 6.3 0.7 0.1
Slovakia 25.1 47.2 9.4 8 0.4
Slovenia 29.4 553 12.1 11.5 0.4
Sweden 27.7 45.9 28.9 243 0.4
Hungary 67.3 60.6 31.1 29.6 0.4
Great Britain 43.9 349 243 29.4 0.3
Italy 43.4 53.8 21.2 21.6 0.3

Source: own research based on [5]

3. The level of concentration of harmful compounds of exhaust gases in Poland and in the EU
countries

All documents stating the position of European Union and Poland on transportation include the
concept of the so-called sustainable transport. For example, the Constitution of Poland contains the
statement “The Republic of Poland shall ensure protection of the environment, guided by the
principle of sustainable development of transport”. Sustainable transport system is one that
provides a balance between social and economic factors and the development of spatial and
environmental protection in the country. This means that the development of the transport system
cannot be based only on the consideration of economic or social factors, but must include
environmental protection issues. This implies a commitment to the integration of environmental
objectives of transport sector with the tasks of economic development.

Chief Inspector of Environmental Protection (Gtéwny Inspektor Ochrony Srodowiska), in
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accordance with art. 2 of the Law on Inspectorate of Environmental Protection, is responsible for
coordinating Polish co-operation with European Environment Agency — EEA. The European
Environment Agency was established as a legally independent entity of the community by Council
Regulation (EEC) No 1210/90 on the establishment of the European Environment Agency and the
European Network Environment Information and Observation Network (EIONET).

The Agency's objective is to promote sustainable development and help achieve significant and
measurable improvement in Europe's environment through the provision to decision-making
centres and to the public relevant and reliable information on the environment [5]. This is not an
easy task; the more that the development of transport infrastructure requires not only appropriate
decisions in this regard but mainly large financial outlays. According to the Polish transport
policy, documents the main problems that must be solved for 2020 include:

— congestion, especially on national roads and in large urban areas;
— growing negative impact on the environment and civilization;

— health hazard in transport, especially in road transport;

— poor condition of technical infrastructure, especially the roads;

— low productivity and low competitiveness of railway;

— risks arising from market opening.

The EEA has published in 2013 a report on the air quality in Europe. The graphs on Fig. 2-5
show the measured values of emissions across the EU, with regard to acceptable levels.
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Fig. 2. The measured values for NO, concentration in the UE countries in 2011 [5]
Mg/m?
15
10
5 | ‘
I R e *‘PT*..F
0 \ \ T T T T T T T T T T T \ T T T T T T T
= (=] on < i < el < =1 5] > < < J el ] > < < 2] el < 5] = <
2 § £ € EX £ EEF 8 8 EEA4EEFTEEE EEE S8 E
E &2 &£ 58 S €35 ¢ 8 E 5% 23 52~ £ PEEZS S EGSH
a E & 3 2 -2 & E = 5 % & g = 2 2 58 5§ 8 & E S g 3
= m 5 ~ 6} nn O ©nn T 5 m
3

Fig. 3. The measured values for CO concentration in UE countries in 2011 [5]

! Transport Policy for the years 2005-2020, 2001-2015 National Transport Policy for Sustainable Development.
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Fig. 4. The measured values for PM10 concentration in UE countries in 2011 [5]
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Fig. 5. The measured values for PM2.5 concentration in UE countries in 2011 [5]

The report prepared by the European Environment Agency (EEA) shows that average number
of days in Krakow, where the acceptable level of PM;y (50 mg/m’) was exceeded is 150.5, in
Nowy Sacz — 126, in Tarnow — 82 while the European Union allows only 35 days in a year with
exceeded particulate matter PM, standard. Selected cities in Poland where standards are exceeded
are shown in Fig. 6.

4. Conclusions

Transport policy should encourage use of energy-efficient and less environmentally damaging
modes of transport and their efficient planning. Moreover, it should take steps to apply and enforce
standards for exhaust and noise emissions for vehicles.

Exceeding the permissible concentrations in Poland against the EU was observed for PM;( and
PM, 5. In the case of PM; s value of maximum concentration measured in Poland was the highest in
Europe. NO, concentration exceeded the permissible value in five areas: Czestochowa, Wroctaw,
Warsaw agglomeration, Cracow and Silesia conurbation. Since the share of road transport in total
emissions of this substance is up to 33.18%, it can be concluded that one of the reasons for
exceeding the limit of this compound is an intense traffic in large cities.

Therefore, in these areas it is proposed to introduce so-called low emission zones or areas with
enter restricted only for vehicles that meet certain emission standards or charging for entry
depending on EURO standards. The introduction of such zones will be used to improve the quality
of air and the motivation of the public to buy more environmentally friendly vehicles.
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Fig. 6. Selected cities in Poland and Bulgaria, where limit value for PM10 has been exceeded [5]
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