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The inventory results of pollutant emission from motor vehicles in Poland comparing to the emission of pollutants in the European
Union have been presented in the paper. The analysis is based on the official results of the pollution inventory reported to the European
Union. Emission of the following substances was considered for the years 1990-2016 for Poland and the European Union from all civili-
zation and road transport activities: carbon monoxide, non-methan volatile organic compounds, nitrogen oxides and particulate matter
consisting of fractions: total suspended particles, PM10 and PM2.5. It was observed that the share of pollutant emission from road
transport in Poland is smaller than for the entire European Union. This is especially evident in the case of particulate matter and nitro-
gen oxides. As a result of the analysis of the emission inventory in the European Union, it was confirmed that the share of motorisation
in the emission of pollutants harmful to human health is significantly smaller in Poland than in the entire European Union. Therefore,
conducting a detailed analysis of specific distance emission of pollutants from a statistical vehicle as well as extending research on

greenhouse gas emission from motor vehicles is recommended.
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1. Introduction

Since 1990 the emission of pollutants from sectors of
civilization activity which is harmful to the health of living
organisms have been regularly inventoried in the European
Union and in most other European countries [3-8, 10, 12,
13]. Also other countries prepare an inventory of pollutant
emission, including the United States of America, Canada
and Asia [1, 2, 11]. While reports on the inventory of pollu-
tant emission from anthropogenic sources are published,
relatively few results of analyzes are issued. This is also
due to the fact that until present day the methodology for
the inventory of pollutant emission from particular sectors
of civilization activity has not been strictly unified, even in
such structures as the European Union. The structure of
pollutant emission estimation is relatively precisely unified,
inter alia due to the characteristics of emission sources [5,
8-10], but there is still a large freedom in adopting emis-
sion characteristics [9]. Also, the intensity of civilization
activity is relatively unclear, e.g. the annual mileage of
motor vehicles in elementary categories [4—7]. Despite
these reservations, data presented in published reports on
anthropogenic pollution emission are official and as such
they may be used in analyzes.

In this paper the share of pollutant emission from the
road transport sector in Poland and the European Union
over the period 1990-2016 [8, 10] has been analyzed.

Substances estimated in official reports in the Euro-
pean Union are listed below [8, 10]:

— carbon monoxide — CO,

— non-methane volatile organic compounds — NMVOC,
— nitrogen oxides reduced to nitrogen dioxide — NO,,

— ammonia — NHj3,

— total suspended particles — TSP,

— particulate matter PM10,

— particulate matter PM2.5,

— black carbon — BC,

— sulphur oxides reduced to sulphur dioxide — SO,,

— priority heavy metals: lead — Pb, cadmium — Cd and
mercury — Hg,

— additional heavy metals: arsenic — As, chromium — Cr,
copper — Cu, nickel — Ni, selenium — Se and zinc — Zn,

— persistent organic pollutants — POPs.

This article presents the results of the analysis for the
following substances: carbon monoxide, non-methane
volatile organic compounds, nitrogen oxides and particu-
late matter dimensional fractions: total suspended parti-
cles, PM10 and PM2.5.

Not all substances, analyzed in this work, are in offi-
cial reports issued in the European Union. The limitation
applies to particulate matter PM10 and PM2.5. Not all
Member States had performed inventories of these sub-
stances before 1999, inter alia Austria, Belgium and
Germany [8, 10].

The COPERT 5 software was used for the inventory
of pollutant emission in Poland for the years 1990-2016.
The following categories of motor vehicles are included
in the inventory of pollutant emission from road transport
[4-10]:

1. Passenger cars:

— gasoline passenger cars with spark ignition engine,

— liquefied petroleum gas passenger cars with spark

ignition engine,

— passenger cars with compression ignition engine,

— hybrid passenger cars.

2. Light commercial vehicles (light duty vehicles):
— light commercial vehicles with spark ignition engine,
— light commercial vehicles with compression igni-
tion engine.
3. Heavy duty trucks:

— heavy duty trucks — rigid (heavy duty container

trucks),

— heavy duty trucks — articulated (tractor units, bal-

last tractors).
4. Urban buses.
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5. Coaches.
6. Motorcycles.
7. Mopeds.

The methodology for determining the emission of to-
tal pollution from motor vehicles is compatible with [9].
The methodology for the selection of parameters for the
COPERT software is described in [4-7]. The methodolo-
gy for determining emission of pollutants from sectors
other than road transport is compatible with [7-10].

2. Results of the inventory of the analyzed pollutant

emission in the European Union and Poland

Figures 1-6 present the annual emission of pollutants
from all sectors of civilization activity and from the road
transport sector in the European Union: total — EU-T and
from motor vehicles — EU-RT, and annual emission of
pollutants in Poland: total — PL-T and motor vehicles —
—PL-RT in 1990-2016.
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Fig. 1. Annual emission of carbon monoxide: total in the European

Union — EU-T, from motor vehicles in the European Union — EU-RT,

total in Poland — PL-T, from motor vehicles in Poland — PL-RT in years
1990-2016

20 :
== EU-T
-~EU-RT

15 N ©-PL-T |

LB\D‘”\\ ~o=PL-RT
10 k&&&c\%

5 ey

E, [Tg]

0 ¢ ? ¢ ¢ ¢ ¢
1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

Fig. 2. Annual emission of non-methane volatile organic compounds:

total in the European Union — EU-T, from motor vehicles in the Europe-

an Union — EU-RT, total in Poland — PL-T, from motor vehicles in
Poland — PL-RT in years 1990-2016
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Fig. 3. Annual emission of nitrogen oxides: total in the European Union

— EU-T, from motor vehicles in the European Union — EU-RT, total in

Poland — PL-T, from motor vehicles in Poland — PL-RT in years
1990-2016
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Fig. 4. Annual emission of total suspended particles: total in the Europe-

an Union — EU-T, from motor vehicles in the European Union — EU-RT,

total in Poland — PL-T, from motor vehicles in Poland — PL-RT in years
1990-2016
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Fig. 5. Annual emission of particulate matter PM10: total in the Europe-

an Union — EU-T, from motor vehicles in the European Union — EU-RT,

total in Poland — PL-T, from motor vehicles in Poland — PL-RT in years
1990-2016
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Fig. 6. Annual emission of particulate matter PM2.5: total in the Euro-

pean Union — EU-T, from motor vehicles in the European Union —

— EU-RT, total in Poland — PL-T, from motor vehicles in Poland —
—PL-RT in years 1990-2016

3. Results of the analysis of pollutant emission inven-
tories in the European Union and in Poland
Figures 7—12 show the share of annual emission in Po-

land from all sectors of civilization activity and from the

road transport sector comparing to the annual emission in

the European Union for pollutants: for total emission — T

and for emission from motor vehicles — RT in the years

1990-2016.

The average share of annual emission of pollutants in
Poland comparing to the annual emission in the European
Union is:

— for all sectors of civilization activity — 0.094: from
0.062 — for non-methane volatile organic compounds
to 0.120 — for particular matter PM10,

— for road transport — 0.051: from 0.032 — for particular
matter to 0.076 — for carbon monoxide.
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Fig. 7. Share of annual emission in Poland comparing to the annual

emission in the European Union for carbon monoxide: for total emission
— T and for emission from motor vehicles — RT in years 1990-2016

=T
-==RT
0.8 1
0.6
kPL
0.4
0.2
d WW
0 T T T T T
1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

Fig. 8. Share of annual emission in Poland comparing to the annual

emission in the European Union for non-methane volatile organic com-

pounds: for total emission — T and for emission from motor
vehicles — RT in years 1990-2016
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Fig. 9. Share of annual emission in Poland comparing to the annual

emission in the European Union for nitrogen oxides: for total emission —
T and for emission from motor vehicles — RT in years 1990-2016
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Fig. 10. Share of annual emission in Poland comparing to the annual

emission in the European Union for total suspended particles: for total

emission — T and for emission from motor vehicles — RT in years
1990-2016
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Fig. 11. Share of annual emission in Poland comparing to the annual
emission in the European Union for particulate matter PM10: for total
emission — T and for emission from motor vehicles — RT in years

1990-2016
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Fig. 12. Share of annual emission in Poland comparing to the annual

emission in the European Union for particulate matter PM2.5: for total

emission — T and for emission from motor vehicles — RT in years
1990-2016

Figures 13—18 show the share of annual emission from
motor vehicles in relation to total annual emission: in
Poland — PL and in the European Union — EU in 1990—
2016.
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Fig. 13. Share of annual emission from motor vehicles comparing to the
total annual emission for carbon monoxide: in Poland — PL and in the
European Union — EU in years 1990-2016

The average share of annual emission of pollutants
from motor vehicles in relation to the total annual emis-
sion is:

— for the European Union — 0.228: from 0.087 — for
particular matter to 0.414 — for nitrogen oxides,

— for Poland — 0.141 — from 0.026: for particular matter
to 0.286 — for carbon monoxide.
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Fig. 14. Share of annual emission from motor vehicles in relation to the
total annual emission for non-methane volatile organic compounds: in
Poland — PL and in the European Union — EU in years 1990-2016
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Fig. 15. Share of annual emission from motor vehicles comparing to the
total annual emission for nitrogen oxides: in Poland — PL and in the
European Union — EU in years 1990-2016

1
- EU
~=PL

0.8
0.6
kR'l'
0.4
0.2
0 ‘ 1: m ‘ : : ‘

1985 1990 1995 2000 2005 2010 2015 2020

t [annus]

Fig. 16. Share of annual emission from motor vehicles comparing to the
total annual emission for total suspended particles: in Poland — PL and in
the European Union — EU in years 1990-2016

In the case of carbon monoxide and non-methane vol-
atile organic compounds, there is a noticeable tendency of
reducing the share of annual emission from motor vehi-
cles in comparison to the annual emission from all sectors
of civilization activity.

4. Recapitulation

Inventory of pollutants emission from anthropogenic
sources is an effective method of assessing the environ-
mental threat posed by particular sectors of civilization

activity. A requirement to maintain the objectivity of this
assessment is development of a coherent method of esti-
mating pollutant emission from particular sectors of civi-
lization activity. Unfortunately, despite many attempts to
standardize the methodology of estimating the total emis-
sion of pollutants by individual countries, the full coher-
ence of methods applied by Member States of the Euro-
pean Union requires further development [8, 10].
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Fig. 17. Share of annual emission from motor vehicles comparing to the

total annual emission for particulate matter PM10: in Poland — PL and in
the European Union — EU in years 1990-2016
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Fig. 18. Share of annual emission from motor vehicles comparing to the
total annual emission for particulate matter PM2.5: in Poland — PL and
in the European Union — EU in years 1990-2016

Based on the study results presented above, the fol-
lowing conclusions can be drawn:

1. The share of annual emission of pollutants in Poland
in comparison to the annual emission in the European
Union is lower for road transport than for all sectors of
civilization activity. This positive trend concerns
mainly particular matters — all particle size fractions.

2. The share of annual emission of pollutants from motor
vehicles compared to the total annual emission is low-
er for Poland than for the European Union. Therefore
the actions undertaken in Poland to reduce pollutant
emission from motor vehicles are considered as effec-
tive, the more that the dynamic development of the
Polish automotive industry is not accompanied by a
noticeable increase in the analyzed share.

Nomenclature
As arsenic
BC black carbon

Cd cadmium
CO carbon monoxide
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Cr chrome PM exhaust particular matter from exhaust system
Cu copper PM10 particular matter PM10

E, annual emission PM2.5 particular matter PM2.5

Hg mercury POPs persistent organic pollutants
kpr, share RT road transport

kgt share Se selenium

NFR nomenclature for reporting SO, sulphur oxides

NH; ammonia t time

Ni nickel T total

NMVOC non-methane volatile organic compounds TSP total suspended particles
NO, nitrogen oxides Zn zinc

Pb lead

Bibliography

(1]
(2]

(3]

(4]

(5]

(6]

1990-2016 Air pollutant emission inventory report. Envi-
ronment and Climate Change Canada. 2018.

2014 National Emissions Inventory, version 2 Technical
Support Document. U.S. Environmental Protection Agency
Office of Air Quality Planning and Standards Air Quality
Assessment Division Emissions Inventory and Analysis
Group Research Triangle Park, North Carolina. 2018.

Air Pollutant Inventories for England, Scotland, Wales, and
Northern Ireland: 1990-2016. Ricardo Energy & Environ-
ment for the Department for Environment, Food & Rural
Affairs, The Scottish Government, The Welsh Government
and The Northern Ireland Department for Agriculture, Envi-
ronment and Rural Affairs. 2018.

BEBKIEWICZ, K., CHLOPEK, Z., SZCZEPANSKI, K.,
ZIMAKOWSKA-LASKOWSKA, M. Assessment of results
of pollutant emission inventory of the road transport sector
in Poland in 2000-2015. The Archives of Automotive Engi-
neering — Archiwum Motoryzacji. 2017, 78(4), 5-25.
BEBKIEWICZ, K., CHLOPEK, Z., SZCZEPANSKI, K.,
ZIMAKOWSKA-LASKOWSKA, M. Issues of modeling
the total pollutant emission from vehicles. Proceedings of
the Institute of Vehicles. 2017, 1(110), 103-118.
BEBKIEWICZ, K., CHLOPEK, Z., SZCZEPANSKI, K.,
ZIMAKOWSKA-LASKOWSKA, M. Results of air emis-
sion inventory from road transport in Poland in 2014. Pro-
ceedings of the Institute of Vehicles. 2017, 1(110), 77-88.

Katarzyna Bebkiewicz, MEng. — Institute of Envi-
ronmental Protection — National Research Institute in
Warsaw.

e-mail: katarzyna.bebkiewicz@kobize.pl

(7]

(8]

(9]

(10]
(11]

[12]

(13]

Krystian Szczepanski, DSc., DEng. — Director of the
Institute of Environmental Protection — National
Research Institute in Warsaw.

e-mail: krystian.szczepanski@ios.edu.pl

CHLOPEK, Z., DEBSKI, B., SZCZEPANSKI, K. Theory
and practice of inventory pollutant emission from civiliza-
tion related sources: share of the emission harmful to health
from road transport. The Archives of Automotive Engineer-
ing — Archiwum Motoryzacji. 2018, 79(1), 5-22.

EEA Report No 6/2018. European Union emission inventory
report 1990-2016 under the UNECE Convention on Long-
range Transboundary Air Pollution (LRTAP). Luxembourg:
Publications Office of the European Union. 2018.
EMEP/EEA air pollutant emission inventory guidebook —
2016. European Environment Agency.
https://gispub.epa.gov/neireport/2014 (2019-02-10).

LI, M. et. al. Anthropogenic emission inventories in China:
A review. National Science Review. 2017, 4(6), 834-866.
Poland’s Informative Inventory Report 2018. Submission
under the UN ECE Convention on Long-range Transbound-
ary Air Pollution and the Directive (EU) 2016/2284 War-
szawa. National Centre for Emission Management
(KOBIiZE) at the Institute of Environmental Protection — Na-
tional Research Institute. February 2018.

UK Emission Mapping Methodology A report of the Na-
tional Atmospheric Emission Inventory 2016. Ricardo Ener-
gy & Environment for Department for Business, Energy and
Industrial Strategy; Department for Environment, Food and
Rural Affairs; The Scottish Government; Welsh Govern-
ment; Department of Agriculture, Environment and Rural
Affairs for Northern Ireland. 2018.

Prof. Zdzistaw Chtopek, DSc., DEng. — Professor in
the Institute of Environmental Protection — National
Research Institute in Warsaw.

e-mail: zdzislaw.chlopek@kobize.pl

Magdalena Zimakowska-Laskowska, DSc., DEng. —
Institute of Environmental Protection — National
Research Institute in Warsaw.

e-mail:
magdalena.zimakowska-laskowska@kobize.pl

60

COMBUSTION ENGINES, 2019, 178(3)



