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ABSTRACT

Operation of means of transport is one of the major
sources of environmental impact. The goal of this article is
to analyse greenhouse gas emissions and to assess the im-
pact of the operation of means of road transport in Poland
on human health using the life cycle assessment technique
based on an analysis of emission of dust and gas pollutants.
Road transport was assessed by taking the following means
of transport into account: passenger cars, other cars with
weight of up to 3,500 kg, lorries, buses, motorcycles, mo-
peds and tractors. It has been evidenced that the highest
emissions of dust and gas pollutants are caused by passen-
ger cars, which is mainly due to the number of vehicles of
this type traversing Polish roads. The main cause of climate
changes due to road transport is CO, emission, while NO,
emission is the main factor determining individual catego-
ries of damage to human health. The negative environmen-
tal impact is primarily related to the operation of combus-
tion engine vehicles. Diesel oil and petrol are currently the
main fuels used in Polish transport. In order to reduce their
impact on the environment, one should intensify the efforts
aimed at increasing the share of alternative fuels in trans-
port. Alternative fuels, particularly electricity, have become
an important element in the development strategies of the
automotive industry in Poland.
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1. INTRODUCTION

Means of road transport, while in operation, cause
harmful consequences to human health as well as to
the environment. This manifests itself in the increased
emissions of harmful dust and gas pollutants, in-
creased noise levels and the associated health loss of
all road users. According to the European Environment
Agency [1], transport is responsible for about one third
of total energy consumption in the EEA member states
and for more than one fifth of greenhouse gas (GHG)
emissions. Emissions need to decrease by around
two thirds by 2050, compared with the 1990 levels,
to meet the long-term 60% GHG emission reduction

target established in the Transport White Paper [2].
Reducing the GHG emission is one of the priorities of
the European Commission. According to the Europe-
an Strategy for Low-Emission Mobility, transport rep-
resents almost one fourth of Europe's GHG emission
and is the main cause of air pollution in cities. It is
important to know how these pollutants translate into
specific consequences for the environment and the so-
ciety. The type of fuel used in transport is an important
factor in reducing harmful emissions [3]. The EU legis-
lation requires the GHG intensity of vehicle fuels to be
cut by as much as 10% by 2020. The implementation
of electromobility is primarily related to the reduction
of the impact of the GHG emission caused by vehi-
cles as well as the impact of hazardous exhaust gas
emission on human health [4-7]. Paper [8] provides a
calculation of the GHG emission of an electric vehicle
compared to the GHG emission of a vehicle with an
internal combustion engine.

The sector-specific activities undertaken in Poland
in the field of transport with reference to the guide-
lines of the United Nations Framework Convention on
Climate Change, assumed to trigger the reduction of
the domestic greenhouse gas emission, include [9]:

- reducing the environmental nuisance of road trans-
port;

- increasing the share of alternative fuels in trans-
port;

- promoting e-mobility;

- upgrading railway infrastructure;

- purchasing modern and upgrading the existing roll-
ing stock;

- supporting technical solutions offering increased
energy efficiency of ships;

- introducing organisational measures to foster the
reduction of emissions from aviation;

- improving public transport in cities;

- developing intermodal transport;

- promoting cycling as a means of transport.

The investments considered important for the re-
duction of the greenhouse gas emission caused by
transport include development of transport networks
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alternative to road transport, such as the railway net-
work, expansion of waterways, and implementation of
projects related to the construction of an integrated
and interconnected transport network that can be effi-
ciently used for the sake of competitive economy, such
as the National Railway Programme, development of
the inland navigation sector and development of inter-
modal transport. There are additional plans to increase
the share of eco-friendly transport in cities and their
functional areas through promotion of public transport
management mechanisms and its improvement, fos-
tering efficient public transport organisation solutions,
replacing the rolling stock used in urban transport with
eco-friendly vehicles, and development of agglomera-
tion rail passenger transport [9]. The Clean Transport
Package for Poland rests on three pillars [10]: the E-mo-
bility Development Plan for Poland, the national poli-
cy framework for the development of alternative fuel
infrastructure and the establishment of a low-carbon
transport fund. With regard to transport in Poland,
there are many EU regulations in force, including those
pertaining to standards for the environmental charac-
teristics of vehicles. For instance, there are regulations
amended in 2014 that impose limitations on the CO2
emission from new passenger cars and delivery vans,
continuously updated regulations on the type approval
of motor vehicles against the emission of pollutants,
or the directive on the development of infrastructure
of alternative fuels for transport. The foregoing body
of regulations is complemented by national legal acts,
including the Act of 16 December 2010 on public col-
lective transport (Journal of Laws of 2016, item 1867,
as amended), which imposed an obligation to develop
plans for the sustainable development of public collec-
tive transport (transport plans) in cases when public
transport administrators plan to organise transport
services of the public utility nature. Strategic actions
for sustainable development in road transport include
the following:

- construction of motorways and express roads;

- improvement of energy efficiency and emissivity
of road vehicles by introducing obligatory reduced
limits of emission of pollutants from cars;

- promotion of public transport in cities and their
functional areas;

- optimised traffic management based on integrated
space, transport and low-emission planning, and
dissemination of traffic management systems;

- promotion of environmentally aware behaviour
among drivers and users of transport services by
promulgating environmentally-friendly driving tech-
niques; and

- supporting the development of non-motorised
transport, and the dynamically developing cycling
in particular.

Various environmental assessment techniques ap-
plicable to transport have been used for several years,
including the WTW (well-to-wheel) and the LCA (life
cycle assessment) [11-13]. Environmental analyses
according to the WTW methodology cover the stages
of raw material extraction, refining and distribution of
fuels, as well as the fuel consumption phase, while the
LCA analysis can be used for environmental assess-
ment of fuel, cars or individual stages of the vehicle life
cycle, e.g. the stage of production of specific means of
transport, operation of vehicles or their recycling. The
LCA method can be used for the purposes of environ-
mental assessment within frameworks of various sys-
tems referred to as “cradle to grave”, “cradle to gate”
or “gate to gate”, depending on the research objective
and assumptions. The LCA method integrated with the
LCC (life cycle costing) economic assessment method
is a useful tool for choosing the most eco-friendly and
cost-effective (eco-effective) solutions and may prove
useful for decision-making in the automotive industry
[14].

So far, the LCA results provided in the literature of
the subject for road transport have mainly pertained
to greenhouse gas emission and have not revealed
the impact of individual means of transport by taking
national conditions into consideration. The goal of this
study is an environmental assessment of the means of
road transport in Poland with regard to their operation.
The article provides an analysis of the road transport
structure in Poland, the dust and gas emission, includ-
ing the emission of CO,, CO, N,O, CH,, NO,, NMVOC
(non-methane volatile organic compounds), PM (par-
ticulate matter) and SO,, as well as the impact of dust
and gas emission associated with the operation of
means of road transport on greenhouse gas emission
and damage to human health, including cases where
the latter is due to organic and inorganic compounds.

2. METHODOLOGY

In order to identify the environmental issues
caused by the operation of means of transport, an
analysis based on life cycle assessment (LCA) was per-
formed to assess the potential environmental impact
of technologies and products on different categories
of damage, including greenhouse gas emission and
the impact on human health. The LCA is a technique
which - among other functions - makes it possible
to conduct environmental assessment of different
impact categories based on survey data, including
the emission of dust and gas pollutants. According to
the new edition of ISO 14001:2015, for the first time,
the life cycle approach has been taken into account
in environmental analyses [15]. The LCA technique is
referred to in international standards ISO 14040:2006
[16] and ISO 14044:2006 [17], according to which the
LCA analysis should consist of four phases:
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1) Defining purpose and scope;

2) Life cycle inventory (LCI) analysis of inputs and out-
puts;

3) Life cycle impact assessment (LCIA);

4) Interpretation.

In the first phase, the system’s functions, the func-
tional unit, the system boundaries and the basic as-
sumptions underlying the analysis should be defined.
The phase of analysis of inputs and outputs, on the
other hand, includes acquisition of all the data re-
quired to perform the LCA analysis.

The goal of this study is to assess the environmen-
tal impact of operation of means of transport. The re-
sults thus obtained were analysed with reference to
the year of analysis, and that is why the functional unit
assumed for the analyses was the number of kilome-
tres driven by individual means of transport in 2014.
One of the main goals underlying both the purpose
and the scope of the identification phase in the LCA is
to define the system boundaries. The analyses cover
the system from gate to gate, which means that they
only comprise the analysis of the dust and gas emis-
sion from the operation of transport means in Poland,
and disregard the stage of production of individual
means of transport as well as their recycling. The goal
of these analyses was to identify determinants for the
assessment of greenhouse gas emission and of the
impact on human health caused by the operation of
vehicles in Poland.

The study included an analysis of road transport ve-
hicles perceived as a source of air pollution emissions.
The LCA was performed using version 8 of the Simapro
software along with the Ecoinvent 3 database. The as-
sumptions for the environmental assessment and for
the acquisition of data pertaining to the structure of
the dust and gas emission caused by the operation of
road transport vehicles in Poland were developed on
the basis of the 2017 data retried from the Central Sta-
tistical Office presenting values for the year 2014 [18].
According to the paper [18], the data concerning the
emissions from means of road transport with internal
combustion engines have been provided by the Nation-
al Centre for Emission Balancing and Management.
The emissions attributable to means of road transport
(including passenger cars, cars with the total weight
of up to 3,500 kg, heavy goods vehicles with the to-
tal weight of more than 3,500 kg, buses with the total
weight of more than 3,500 kg, motorcycles, mopeds
and agricultural tractors) were estimated as a product
of fuel consumption and the specific emission factor
determining the average mass of the given pollutant
emitted as a consequence of combustion of a unit of
fuel mass or as a product of the total annual kilome-
trage of vehicles of the given type (vehicle-kilometres)
and the road emission factor determining the average
mass of the given pollutant emitted for a kilometrage
of 1 km.

The next, i.e., the third phase of the life cycle im-
pact assessment (LCIA) consists of calculating the im-
pact and the damage category values using selected
methods. The LCIA phase may consist of four steps:
classification, characterisation, standardisation and
weighing. The classification and characterisation steps
are obligatory, while standardisation and weighing are
optional steps. Classification consists of assigning
individual elements to the respective environmental
impact categories. In the context of this study, these
elements were the dust and gas emissions from the
operation of individual means of transport. Each emis-
sion category can be assigned to a certain impact
category, defined as a set’s component defined in the
chosen LCA method. Consequently, the classification
consists of determining the environmental problem
caused by the release of a specific emission. The im-
pact category is a “class representing the analysed
environmental issues to which the results of an anal-
ysis of the set of life cycle inputs and outputs can be
assigned” [17]. Another obligatory stage of the LCIA
is characterisation. Each impact category is assigned
what is referred to as a characterisation parameter
and an impact category indicator. The characterisa-
tion parameter is “used to transform the established
results of the set analysis into a general unit of the
category indicator” [19]. On the other hand, all the
elements assigned to the impact category under the
given environmental model contribute to the same en-
vironmental impact, which makes it possible to obtain
a single value of the characterisation parameter, this
being referred to as the impact category indicator. Fur-
ther steps in the LCIA are standardisation and weigh-
ing. They are not obligatory in the LCA, and so they
have not been taken into consideration in this study.

The potential environmental impacts of means of
transport were assessed by application of the IMPACT
2002+ impact assessment method. The impact cate-
gory and damage category indicators used in the IM-
PACT method have been described in detail in paper
[19]. The IMPACT method enables the environmental
indicators to be considered under different impact
categories. The study addressed in the paper included
assessment of the impact of gas and dust emission
from the analysed means of transport on damage cat-
egories such as: greenhouse gas emission (climate
change), impact on human health, respiratory inorgan-
ics and respiratory organics. The climate change (ex-
pressed as CO2 eq, eg=equivalent) is defined as the
impact of human emissions on the radiative forcing
of the atmosphere. Global warming potentials (GWPSs)
were used as characterisation factors to assess and
aggregate the interventions for the impact category of
climate change. The disability-adjusted life year (DALY)
indicator has been adopted in the IMPACT 2002+ im-
pact assessment method to express the human health
impact category. According to this method, the DALY
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indicator is used to quantify the burden of human
disease resulting from environmental pollution and
to attribute it to the life cycle. The damage to human
health caused by specific diseases includes loss of life
and loss of normal ability, both resulting in a reduc-
tion of healthy life years of individuals. As an indicator
for direct measurement of health loss, the DALY can
be defined as the total loss of healthy life years from
the onset to the death [20]. The disability-adjusted life
year (DALY) has been widely used since the 1990s in
evaluating global and/or regional burden of diseases.
As many environmental pollutants are hazardous to
human health, the DALY is also recognized as an in-
dicator to quantify the health impact of environmental
pollution related to the disease burden. The DALY was
developed by the World Health Organization (WHO)
and the World Bank to quantify the burden of disease
and injury on human populations in the Global Burden
of Disease study. As a disease burden indicator, the
DALY combines the estimation of the time lived with
disability and the time lost due to premature mortality
with adjustment by a set of social preference values
[20].

The categories of the effect caused by respiratory
inorganics and respiratory organics include inorgan-
ic compounds and organic compounds in the air the
presence of which increases the likelihood of respira-
tory diseases [19].

3. RESULTS AND DISCUSSION

3.1 Analysis of the structure of means of road
transport in Poland

As mentioned in paper [18], road transport in Po-
land comprises the following means: passenger cars,
other cars with weight of up to 3,500 kg, lorries, bus-
es, motorcycles, mopeds and tractors. The most ev-
ident change observed in the structure of individual
modes of transport in Poland for freight transport in
the years 2005-2015 was the increase in the impor-
tance of road transport. As for passenger transport, the
importance of car transport has dwindled over the re-
cent years to the benefit of rail and air transport. What

can be observed in road transport is an increase in
fuel consumption and in the number of cars [9]. In the
years 2005-2015, the total number of vehicles being
registered was observed to have risen by almost 63%,
including the number of passenger cars increasing by
almost 68% and motorcycles by nearly 69% (Table 1).

In 2014, in Poland, the share of vehicles with petrol
engines came to 52.57%, vehicles with diesel engines
accounted for 34.23%, vehicles fuelled with LPG (lig-
uefied petroleum gas) - 13.14%, while other vehicles
accounted for as little as 0.06% (including those run-
ning on compressed natural gas - 0.04%, and on elec-
tric energy - 0.02%) (Figure 1). The share of vehicles
powered by alternative fuels has been continuously
growing in Poland [21].

Table 2 summarises data on the fuel types used by
individual means of road transport in 2014. Table 3
presents basic data concerning emissions from the
operation of road transport vehicles in Poland.

The increase in the CO, emission is related to the
growing share of all automotive vehicles in transport,
while the NO, and PM emissions have been decreas-
ing, most likely due to the stringent requirements fol-
lowing the implementation of specific EURO standards.
The changes to the permissible emission limit values
for petrol and diesel engines are stated against the
EURO standards (I-VI) according to which atmospheric
emission of pollutants must be reduced (which mainly
applies to the NO, and PM emissions).

Other
0.06%

Liquefied
Petroleum Gas
13.14%

Diesel

34.23% Petrol

52.57%

Figure 1 - Percentage share of fuels consumed in road
transport in Poland in 2014 [21].

Table 1 - Vehicles registered in Poland in 2005 and in the years 2012-2015 (in ‘000 pcs.) [9]

Vehicles Years

2005 2012 2013 2014 2015
Total, including: 16,816 24,876 25,684 26,472 27,409
Passenger cars 12,339 18,744 19,389 20,004 20,723
Buses 80 100 103 106 110
Lorries and road tractors 2,305 3,178 3,242 3,341 3,428
Motorcycles 754 1,107 1,153 1,190 1,272
Farm and ballast tractors 1,243 1,596 1,633 1,669 1,703
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Table 2 - Means of road transport according to the type of fuel consumed in 2014 [21]

Passenger cars .
Engi it Special
Fuel Engine capacity ngine capacity Lorries Tractors | Buses purpose Total
up to 1,399 cm3 | rom 1,400 to vehicles
’ 1,999 cm?3
Petrol 6,826,175 3,875,794 668,881 1,621 4,168 25,427 | 11,402,066
Diesel 254,881 4,535,128 2,114,224 | 295,745 | 97,417 127,745 7,425,140
Liquefied Petroleum 857,330 1,803,999 182,083 | 1,966 | 799 3,674 | 2,849,851
Gas (LPG)
Compressed Natural 1,051 3,827 2,281 72 420 66 7,717
Gas (CNG) ’ ’ ’ ’
Electric Energy 792 2,468 1,006 62 128 101 4,557
Table 3 - Values of emission from the operation of means of road transport in Poland [18]
Specification 2005 2010 2011 2012 2013 2014

CO, emission from means of road ransport | 35 734 | 4466 | 47,001 | 451233 | 42,0049 | 42,332.6
in ‘000 mg
NQX emission from means of road transport 0041 2797 2822 271.3 255.1 220.6
in ‘000 mg
Particulate matter (PM) emission from 15.79 20.81 25.77 21.94 17.74 16.54
means of road transport in ‘000 mg

3.2 Emission of dust and gas pollutants from

the means of transport subject to analysis

Table 4 provides a summary of dust and gas emis-
sions for the assumed means of transport subject to

analysis.

Table 4 - Emission of dust and gas pollutants from the analysed means of transport in 2014 [18]

The dust and gas emissions (Table 4) from road

transport in Poland mainly comprise CO, and CO. The

main sources of these emissions are passenger cars

and others cars with the weight of up to 3,500 kg. Pas-
senger cars are responsible for 62.60% of CO, and

79.62% of CO emission respectively, while 19.37% of

Passenger Other cars Motor-
Substance Unit cars - weight Lorries Buses oveles Mopeds | Tractors Total
up to 3,500 kg Y
thousand
o o 26,501.80 | 8,200.60 | 4,838.30 | 1,833.60 | 77.20 | 35.70 | 845.40 | 42,332.60
2
share [%] | 62.60 19.37 11.43 433 | 018 | 0.08 | 2.00 100
thousand | = g 35 57.92 20.26 6.43 | 12.03| 580 | 12.32 | 563.11
co tons
share [%] | 79.62 10.29 3.60 1.14 214 | 1.03 | 219 100
thousand 1.14 0.39 0.20 003 | 000 | 000 | 004 1.80
N,O tons
share [%] | 63.33 21.67 11.11 1.67 | 000 | 000 | 222 100
thousand |, &7 0.39 0.40 010 | 041 | 005 | 005 3.77
CH, tons
share [%] | 70.82 10.34 10.61 265 | 292 | 133 1.33 100
thousand | 4 77 38.48 41.89 1457 | 016 | 0.03 | 16.84 | 22274
NO, tons
share [%] | 49.73 17.28 18.81 6.54 | 007 | 0.01 7.56 100
thousand | = 55 50 7.28 10.65 274 | 451 | 348 | 213 66.43
NMVOC | tons
share [%] | 53.65 10.96 16.03 412 | 679 | 524 | 321 100
thousand | ¢ 257 3.62 097 | 000 | 000 | 1.38 16.54
PM tons
share [%] | 48.37 15.54 21.89 586 | 000 | 000 | 834 100
thousand 0.72 0.24 0.15 006 | 000 | 000 | 003 1.20
S0, tons
share [%] | 60.00 20.00 12.50 500 | 000 | 000 | 250 100
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CO, and 10.29% of CO emission is attributable to oth-
er cars. Passenger cars are also the main sources of
all other dust and gas emissions subject to analysis,
and they account for 63.33% of N20, 70.82% of CH4,
49.73% of NO,, 53.65% of NMVOC, 48.37% of PM and
60% of SO,

3.3 Greenhouse gas emission from the
operation of means of transport in Poland

Figure 2 illustrates the percentage share of individ-
ual means of transport in greenhouse gas emission,
while Table 5 summarises the main factors which con-
tribute to the GHG emission.

Figure 2 shows that passenger cars constitute the
main source of greenhouse gas emission from road
transport in Poland, which is mainly due to the num-
ber of cars of this category using roads. With regard
to most means of transport, the main determinant
of greenhouse gas emission is the emission of CO,,
while for motorcycles and mopeds this emission type
accounts for nearly 80%, and CO emission accounts
for ca. 20% of the total GHG emission (Table 5).

Global
warming
100%

3.4 Effect of the operation of means of
transport in Poland on human health

Figure 3 shows the percentage share of individu-
al means of transport in the human health indicator,
while Table 6 shows the human health indicator’'s main
determinants.

Figure 3 shows that the dust and gas emissions
from the operation of passenger cars constitute the
main source of effect on the human health impact
category in road transport in Poland (49.4% share),
while other factors are operation of lorries - 19.5%
and other cars - 16.9%. With regard to all means of
transport except for mopeds, the main determinants
of the human health impact category are the NO, emis-
sion (from 71.2% to 77.8%) and the PM emission for
passenger cars, other cars, lorries, buses and trac-
tors (from 21.8% to 26.6%). For mopeds, it has been
evidenced that the main determinants of effect on
the human health indicator are the NMVOC emission
(62.5%) and the NO, emission (37.5%) (Table 6).

Other cars
(weight up to
3,500 kg)
19.2%

Passenger cars
63%

Buses
4.25%

Lorries
11.3%

Figure 2 - Share of operation of individual means of transport in the greenhouse gas emission in Poland (data from 2014)

Table 5 - Determinants of greenhouse gas emission according to means of transport

Substance Co, CO N,O CH, Total

Unit kg CO, eq % kg CO, eq % kg CO, eq % kg CO, eq % kg CO, eq %
Passenger cars | 2,65E+13 | 96.7 | 7,04E+11 | 2.6 | 1,78E+11 | 0.6 | 2,03E+10 | 0.1 | 2,74E+13 | 100
Other cars 8,20E+12 | 98.1 | 9,09E+10 1.1 6,08E+10 | 0.7 | 2,96E+09 | 0.0 | 8,36E+12 | 100
Lorries 4,84E+12 | 98.8 | 3,18E+10 | 0.6 | 3,12E+10 | 0.6 | 3,04E+09 | 0.1 | 4,90E+12 | 100
Buses 1,83E+12 | 98.9 | 1,01E+10 | 0.5 | 4,68E+09 | 0.3 | 7,60E+08 | 0.0 | 1,85E+12 | 100
Motorcycles 7,72E+10 | 79.7 | 1,89E+10 | 19.5 0 0.0 | 8,36E+08 | 0.9 | 9,69E+10 | 100
Mopeds 3,57E+10 | 79.0 | 9,11E+09 | 20.2 0 0.0 | 3,80E+08 | 0.8 | 4,52E+10 | 100
Tractors 845E+11 | 97.0 | 1,93E+10 | 2.2 | 6,24E+09 | 0.7 | 3,80E+08 | 0.0 | 8,71E+11 | 100
Total 4,23E+13 97.2 | 8,84E+11 2.0 2,81E+11 | 0.6 | 2,87E+10 | 0.1 | 4,35E+13 | 100
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Human health
from
road transport
100 %

Passenger cars
49.4%

Other cars
(weight up to
3,500 kg

16.9%)

Lorries
19.5%

Buses
6.37%

Tractors
7.72%

Figure 3 - Share of individual means of transport in the human health category (data from 2014)

Table 6 - Determinants of effect exerted by the operation of individual means of transport on the human health impact

category

Substance NO, NMVOC PM SO, Total

Unit DALY % DALY % DALY % DALY % DALY %
Passenger cars | 9,869,607 | 76.2 | 45,619.2 | 0.4 | 3,000,375 | 23.2 | 39,312 | 0.3 | 12,954,913.2 | 100
Other cars 3,428,568 | 77.7 | 9,3184 | 0.2 963,750 | 21.8 | 13,104 | 0.3 | 4,414,740.4 | 100
Lorries 3,732,399 | 73.0 | 1,3632 0.3 | 1,357,500 | 26.6 | 8190 | 0.2 | 5,111,721.0 | 100
Buses 1,298,487 | 77.8 | 3,507.2 0.2 363,750 | 21.8 | 3,276 | 0.2 | 1,668,720.2 | 100
Motorcycles 14,256 712 | 5,772.8 | 28.8 0 0 0 0 20,028.8 100
Mopeds 2,673 375 | 44544 | 625 0 0 0 0 7,127.4 100
Tractors 1,500,444 | 742 | 2,726.4 | 0.1 517,500 | 25.6 | 1,638 | 0.1 | 2,022,308.4 | 100
Total HH 19,846,134 | 75.7 | 85,030.4 | 0.3 | 6,202,875 | 23.7 | 65,520 | 0.3 | 26,199,559.4 | 100

Table 7 - Determinants of effect on the impact category of respiratory inorganics attributable to individual means of transport

Substance NO, PM SO, Total

Unit kg PM, ; eq % kg PM, - eq % kg PM, - eq % kg PM, ; eq %
Passenger cars 1,41E+10 76.6 4,29E+09 23.3 5,62E+07 0.3 1,84E+10 100
Other cars 4,90E+09 779 1,38E+09 21.9 1,87E+07 0.3 6,29E+09 100
Lorries 5,33E+09 73.2 1,94E+09 26.6 1,17E+07 0.2 7,28E+09 100
Buses 1,85E+09 717 5,20E+08 21.8 4,68E+06 0.2 2,38E+09 100
Motorcycles 20,365,714 100.0 0 0 0 0 20,365,714 100
Mopeds 3,818,571.4 | 100.0 0 0 0 0 3,818,571.4 100
Tractors 2,14E+09 74.0 7,39E+08 25.6 2,34E+06 0.1 2,89E+09 100
Total 2,84E+10 76.1 8,86E+09 23.8 9,36E+07 0.3 3,73E+10 100

Table 8 - Determinants of effect on the impact category of respiratory organics attributable

to individual means of transport

Substance CH, NMVOC Total

Unit kg C,H, eq % kg C,H, eq % kg C,H, eq %
Passenger cars 1,60E+07 0.1 2,14E+10 99.9 2,14E+10 100
Other cars 2,34E+06 0.2 4,37E+09 99.8 4,38E+09 100
Lorries 2,40E+06 0.1 6,40E+09 99.9 6,40E+09 100
Buses 6,01E+05 0.1 1,65E+09 99.9 1,65E+09 100
Motorcycles 6,61E+05 0.1 2,71E+09 99.9 2,71E+09 100
Mopeds 3,00E+05 0.1 2,09E+09 99.9 2,09E+09 100
Tractors 3,00E+05 0.1 1,28E+09 99.9 1,28E+09 100
Total 2,27E+07 0.1 3,99E+10 99.9 3,99E+10 100
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Table 7 shows the main determinants of effect on
the respiratory inorganics impact category indicator
for individual means of transport, while Table 8 shows
the main determinants of effect on the respiratory or-
ganics impact category indicator.

The values provided in Tables 7 and 8 evidence that
the operation of passenger cars is the main source
for the two impact categories in question. For all the
means of road transport subject to analysis, the NO,
emission is the main determinant of the respiratory
inorganics indicator, while the NMVOC emission is the
main determinant of the respiratory organics indicator.

4. CONCLUSIONS

Based on the environmental assessment of the
means of road transport operated in Poland using the
life cycle assessment technique, the greenhouse gas
emission as well as the human health impact catego-
ry have been analysed in relation to other categories,
such as respiratory inorganics and respiratory organ-
ics. The calculations performed for this purpose in-
clude an analysis of the environmental impact exerted
by the operation of individual means of transport.

It has been evidenced that the main source of ef-
fect on the overall greenhouse gas emission and hu-
man health is the emission of dust and gas pollutants
caused by passenger cars, which is mainly due to the
number of vehicles of this type operated in Poland.

It has also been demonstrated that the main cause
of climate changes induced by road transport is CO,
emission, while NOX emission is the main factor de-
termining the human health damage category and the
respiratory inorganics effect category, and the main
factor determining the effect category of respiratory in-
organics is the emission of NMVOC. The negative envi-
ronmental impact is primarily related to the operation
of combustion engine vehicles. Diesel oil and petrol
are currently the main fuels used in Polish transport.
In order to reduce their impact on the environment,
one should intensify the efforts aimed at increasing
the share of alternative fuels in transport.

In Poland in the recent years more than 50 % of the
vehicles were petrol-driven. Diesel vehicles represent-
ed an average of 35 % of the means of road transport.
The other fuel used was LPG (average of 13%). CNG
only accounted for an average of 0.03%. The contribu-
tion of electricity has been growing continuously since
2015, but the market share of these alternative fuels
in transport in Poland did not exceed 0.09 % in 2017
[22].

In Poland alternative fuels, particularly electricity,
have become an important element in the develop-
ment strategies of the automotive industry and elec-
tromobility development programs are being devel-
oped. These programs are a result of European Union
activities aimed at the development of electromobility

and alternative fuels in EU countries. The Electromo-
bility Development Plan adopted by the Polish Coun-
cil of Ministers in 2017 plans for one million electric
vehicles on the road by 2025. The Polish government
has adopted a new law on electromobility aimed at in-
creasing electric vehicles. New legislation in the form
of the Act on Electromobility and Alternative Fuels
sets out the legal framework for electric vehicles de-
velopment. In Poland the Act of 11 January 2018 on
Electromobility and Alternative Fuels came into force
on 22 February of this year. It establishes a system
of incentives for the promotion of the use of vehicles
powered by alternative fuels, mainly electricity, and
also introduces mechanisms for initiating investments
in the necessary infrastructure. The Act introduces into
Polish law the requirements of Directive 2014/94/EU
of 22 October 2014 on the deployment of alternative
fuels infrastructure.

The analyses addressed in this paper have shown
that pollution emissions exert a very significant impact
on human health, which is why technological innova-
tions related to modern solutions applied in power
transmission systems are so important. What has
been shown with reference to these analyses is the im-
portance of all efforts aimed at diversification of fuels
for passenger cars used in Poland. The orientation of
the actions involved in increasing the number of elec-
tric cars on Polish roads is the one to be pursued, as it
is directly connected with the minimisation of dust and
gas emission, leading to the reduction of indicators in
the categories of climate change and human health.

The LCA technique used in the analysis may also
serve the purposes of decision-making in respect of
assessment of the environmental aspects of transport
as well as forecasting of changes in the transport sec-
tor in relation to environmental problems.

It is planned that further studies should include a
life cycle assessment concerning operation of vehicles
running on alternative fuels as well as analyses of the
total life cycle of a passenger car.
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WPLYW TRANSPORTU DROGOWEGO NA ZMIANY
KLIMATU | ZDROWIE LUDZKIE W POLSCE

STRESZCZENIE

Eksploatacja Srodkéw transportu jest jednym z gtéwnych
Zrédet oddziatywania na Srodowisko. Celem artykutu byta
analiza emisji gazéw cieplarnianych oraz ocena wptywu na
zdrowie cztowieka eksploatacji Srodkéw transportu drogowe-
go w Polsce z zastosowaniem techniki oceny cyklu zycia na
podstawie analizy emisji zanieczyszczen pytowo-gazowych.
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Ocenie poddano transport drogowy uwzgledniajgc nastepu-
Jjace srodki transportu: samochody osobowe, inne samocho-
dy o masie do 3500 kg, samochody ciezarowe, autobusy,
motocykle, motorowery i ciggniki. Wykazano, Zze najwieksza
emisje zanieczyszczen pytowo-gazowych powoduja samo-
chody osobowe, co gtéwnie wynika z liczby pojazdéw tego
typu poruszajgcych sie po polskich drogach. Stwierdzono
rowniez, ze gtéwna przyczyng zmian klimatu w transporcie
drogowym jest emisja CO2, natomiast gtéwnym czynnikiem
wptywajgcym negatywnie na zdrowie cztowieka jest emisja
NOx. Negatywny wptyw na Srodowisko jest zwigzany przede
wszystkim z eksploatacjg pojazdow z silnikiem spalinowym.
Olej napedowy oraz benzyna stanowig obecnie gtéwne pali-
wa stosowane w transporcie w Polsce. W celu zmniejszenia
ich wptywu na $rodowisko nalezy zintensyfikowaé dziatania
zmierzajgce do zwiekszenia udziatu paliw alternatywnych w
transporcie. W Polsce alternatywne paliwa, zwtaszcza ener-
gia elektryczna, staty sie waznym elementem strategii rozwo-
ju branzy motoryzacyjnej.

StOWA KLUCZOWE

Srodki transportu drogowego; emisja; ocena cyklu Zycia; zmi-
ana klimatu; zdrowie ludzkie;
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