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Abstract

The article analyzed the results of air quality measurements in the
city of Nowy Sacz and assessed the activities of the local government to
reduce low-stack emission. Nowy Sacz is among the top European cities
with the most polluted air. According to the annual mean PM10 particles
levels within the Matopolska Province, Nowy Sacz belongs to the group of
cities and poviats where the highest levels of this pollutant are recorded. In
the case of PM2.5 particles, Nowy Sacz is the second city after Krakow in
the Matopolska Province, where there is a significant exceedance, including
the margin of tolerance, of the limit value of the pollutants. The background
and inflow of pollutants from outside the city reaches the level of about 17
ug-m=,i.e. 85% of the limit value and 50% of the total level of the pollutant
in the city. The local government undertakes investments aimed at improv-
ing air quality, inter alia: thermo-modernization of buildings, Renewable
Energy Sources installation (solar installations) in buildings, elimination of
coal boilers and replacing them with gas boilers or new generation boilers.
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INTRODUCTION

The lack of social awareness in the field of air quality issues affects the
everyday non-ecological attitudes of the society (National Air Protection Pro-
gram until 2020). Poor air quality contributes to the creation of social costs that
affect the deterioration of the quality of life. According to Dziku¢ (2017), low-
stack emission directly influences the level of expenses incurred by the society
and enterprises. Shaping proper social behaviors and involving society in actions
to improve air quality by conducting cyclical education and information activities
at the national, regional and local levels (National Air Protection Program until
2020) may be a response to environmental dilemmas. Environmental protection
programs that take into account the local natural specifics and socio-economic
needs should be equally vital. Effective cooperation between governmental and
self-governmental administration at various levels is particularly important (Na-
tional Urban Policy 2023).

Currently, cities are directly at risk due to three phenomena: intensification
of the urban heat island, heavy downpours causing flooding and drought condu-
cive to water deficit in cities. Winds are also a threat that affects small towns and
suburbs with dispersed development. The urban heat island is the result of exces-
sive energy emission from various urban sources (Strategic for the adaptation.
2020). Patasz (2016) reports that the development of the area and the location of
emission sources have a significant impact on the distribution of pollutants. The
location of obstacles (e.g. buildings, housing estates) in the compact buildings
surrounding the higher buildings considerably worsens ventilation of the area
(natural atmospheric ventilation). Open areas connected in continuous corridors
play the role of the urban regeneration and air exchange system. In order for the
aeration process of the city to be effective, the system must take into account the
natural conditions, e.g. the dominant wind directions, the layout of river valleys.
It is important that open areas that act as aeration corridors are managed in a way
that is attractive to residents. This limits construction pressure and prevents deg-
radation (National Urban Policy 2023).

In Poland, the high concentration of particulate matter (PM) in the air,
caused by the original emission of particulate matter from various sources, ap-
plies especially to industrial areas and densely populated cities. According to
recent research, there are around 60,000 substances considered as pollutants over
industrialized areas (Bojanowska et al. 2015). The solid atmospheric pollutants
released during the combustion of solid fuels include particulate matter (Petryk
2018). They can be divided into dropping particulates (subject to sedimentation)
with a relatively large grain diameter and suspended particulates which are light,
fine and very fine. Fine particulates (especially PM 2.5) are particularly hazard-
ous to human health. These particulates are transported in a stream of pollutants
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discharged from the emitter (chimney) and moved to quite considerable distanc-
es (Patasz 2016, Malec and Borowski 2016). Heating technologies as well as
sources of energy supply are often the most important emitters of urban pollu-
tion (National Urban Policy 2023). Combustion of fuels is the greatest source
of anthropogenic air pollutants (Nadziakiewicz 2005, Juda-Rezler 2000). Local
governments should limit the use of harmful materials in heating processes (es-
pecially solid fuels, e.g. coal) as well as expand the municipal heating network
(National Urban Policy 2023).

As shown by studies carried out by the Regional Inspectorate for Environ-
mental Protection (WIOS), concentrations of PM10 particles in the non-heating
season (from May to September) are around 20 pg-m and are essentially caused
by linear and point emission sources. In turn, during the heating period, they
exceed the limit value (50 ug-m?), the level of public information (200 pg-m),
and even alarm levels (300 pg-m). It can be concluded that low-stack emission,
which is linear emission and high emission constituting a ,,base”, which when in-
creased by low-stack emission results in exceedances of permissible substances,
is the factor determining the creation of air pollution. (Pilot 2017).

At present, various coal fuels are used in households. To produce heat in
households, boilers of various designs, often homemade, are used, which with
a greater or lesser efficiency even allow for the combustion of sludge (Pyka and
Wierzchowski 2017). Burned coal with a high sulfur and, ash content of low cal-
orific value. So-called coal sludge and household waste are also used as a fuel.
A characteristic feature of low-power energy sources is emission from a large
number of emitters introducing pollution into the air from low-height chimneys.
The effects of the emission are very onerous, as pollution accumulates around
the place of creation, most often around areas with compact housing. This is
particularly troublesome especially in the so-called heating season, especially
during smog episodes (Htawiczka et al. 2012).

Short-term (acute) and long-term (chronic) effects are among the health
problems associated with exposure to fine particulate matter present in the air.
Long-term effects include: an increase in the frequency of chronic respirato-
ry symptoms, impaired lung ventilation efficiency in children and adults, and
cancer (Kowalska and Zejda 2012). So far, there has been no reliable data on
the share of particulate matter emission from fuel combustion processes for the
heating of flats, in shaping the concentrations of this pollutant in the area of a sin-
gle commune. These emissions are dispersed; therefore it is difficult to quanti-
tatively estimate the total emission rate from this type of air emissions sources
(Htawiczka et al. 2012).
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MATERIAL, METHODS AND RESEARCH AREA

The current study evaluates pro-ecological activities in the city of Nowy
Sacz in the field of air quality protection against the effects of low-stack emis-
sion. Data from the years 2016-2017 regarding the PM10 and PM2.5 and PM1
suspended particles level come from 9 measurement points installed in Nowy
Sacz. The analyzed data for the period 2011-2015 regarding the values of annual
mean concentrations of PM2.5 particles come from the Air Protection Program
for the Matopolska Province. “Mafopolska in a healthy atmosphere.” The re-
sults of annual mean SO,, NO,, NO, and PMI10 concentrations for the years
2014-2017 were obtained from the Regional Inspectorate for Environmental
Protection (WIOS).

The city of Nowy Sacz is distinguished by its considerable population (Ta-
ble 1). It is the third city in the Matopolska Province in terms of population. It
has a favorable geographical location in the fork of two rivers—the Dunajec and
the Kamienica Nawojowska (Low-emission Economy Plan ... 2015). For resi-
dents of the poviat of Nowy Sacz, part of Limanowa and Gorlice, it is the center
of public services in the field of self-government administration, health protec-
tion, education and culture (Development Strategy. 2020%).

Table 1. Population in the city of Nowy Sacz and Nowosadecki poviat in the years

2013-2017
City/poviat 2013 2014 2015 2016 2017
Nowy Sacz 83943 83853 83903 83933 84041
Nowosadecki poviat 211045 211830 212894 213864 214999

Source: Author s own elaboration based on data of the Local Data Bank (accessed in June 2018)

Nowy Sacz, due to its location at the intersection of important transporta-
tion routes from west to east (DK28) and south to north (DK 87), is a transit city.
It is an important economic center in the region, as evidenced by the number
of business entities registered in 2017 in the REGON system (Table 2) in the
Nowosadecki Poviat (16058) and in the city of Nowy Sacz itself (9863). The city
is distinguished by a large diversification of the economic base and significant
income from PIT and self-government own revenues (Development Strategy
2020%). Here, large companies from various industries have their headquarters,
including: Fakro, Newag, SGL Carbon Polska, KORAL Ice Cream Production
Company (Low Emission Economy Plan ... 2015).
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Table 2. Entities registered in the REGON system in the city of Nowy Sacz juxtaposed
with the Nowosadecki Poviat and the Matopolska Province in the years 2009-2017

Adm‘;‘:lsittmt've 2009 2010 2011 2012 2013 2014 2015 2016 2017
Nowy Sacz 8934 9366 9293 9454 9511 9556 9682 9750 9863
Novggsv?gfd“ 12549 13352 13621 14179 14643 15029 15426 15721 16058
Nﬁfgfﬁi‘a 314017 331363 331595 343375 351074 356785 363883 371107 380020

Source: Author s own elaboration based on data of the Local Data Bank (accessed in June 2018)

RESEARCH RESULTS AND DISCUSSION

Pursuant to Resolution No. XV/149/2015 of the City Council of
Nowy Sacz, dated September 15, 2015, the Low-Emission Economy Plan
(LEEP) for the city of Nowy Sacz was adopted and implemented. The ad-
opted LEEP is compliant with the local policy of the city and strategic plan-
ning documents, i.e. the Nowy Sacz Development Strategy 2020*, the En-
vironmental Protection Program for the city of Nowy Sacz, the Study of
Conditions and Directions of Spatial Development for the City of Nowy
Sacz as well as the Plan of heat demand, electricity and gas fuels for the city.
As part of the pilot system of local air quality monitoring in the years 2016-2017,
9 measurement points of PM10, PM 2.5 and PM1 suspended particles were in-
stalled in Nowy Sacz. The results of measurements, i.e. the mean-hour concen-
tration of suspended particulates in the air, are presented on the city’s website
in order to make the inhabitants of the city aware of the amplitude of changes
in air pollution. The obtained results of measurements indicate the main source
of pollution, which is emission from household furnaces due to the fact that the
highest particulate matter concentrations occur in the evening (Low-emission
Economy Plan ... 2015).

According to the Air Protection Program for the Matopolska Province
“Matopolska in a healthy atmosphere”, the mean daily concentrations of PM10
particles may exceed 50 pg'm=only 35 days a year. In the zones of the Matopol-
ska Province, at the measurement stations in 2015, the value of daily-average
concentrations was exceeded for a greater number of days. In Nowy Sacz (Table
3), these concentrations were exceeded even for 100 days.
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Table 3. The number of days with exceedances of 24-hour permissible concentrations
of PM10 particles at the Nowy Sacz measurement station

Number of days with occurrence of 24-hour PM10 particles

Mez::tl;zl:ent concentrations above 50 [pug-m?|,
Permissible number of days (since 2005): 35
2010 2011 2012 2013 2014 2015 2016
Nowy Sacz

114 126 121 102 97 118 82

Source: Author’s own elaboration based on data obtained from the President of the City of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)

The values of annual mean PM10 particles concentration in the years
2014-2017 at the monitoring station showed the exceeded level of PM10 parti-
cles. During the same period, exceedances of NO_standards were recorded. The
highest value of this pollutant 58 pg-m= was noted in 2015 (Table 4).

Table 4. The value of annual mean concentrations of SO,, NO,, NO_and PM10 in the
city of Nowy Sacz in the years 2014-2017

SO, [pg'm?] NO, [pg'm”] NO, [pgm?] PM10 [pg-m?|
Year Limit value of pollutants
20 pg'm’ 40pg-m 30 pg'm? 40 pg'm?
2017 6.8 26 49 42
2016 7.9 24 53 41
2015 8.2 28 58 45
2014 7.9 22 48 42

Source: data obtained from http://monitoring.krakow.pios.gov.pl/dane-pomiarowe/

The PM2.5 particles concentration standard will be being tightened by
2020, when the limit value will be 20 pg-m. The PM2.5 particles measurements
carried out at the station in Nowy Sacz indicate exceedances of concentration
limits in 2011-2015 (Table 5).

Emission from individual heating of buildings, adverse meteorological
conditions, in particular poor airing of the city (54% of silence in a year) and the
occurrence of temperature inversion that cause slow spread of local emission are
the cause of exceedances of PM10 and PM2.5 particles in Nowy Sacz. Emission
from local and individual boiler rooms, industrial boiler houses and large ener-
gy sources is responsible for the sanitation of the air (Low-emission Economy
Plan ... 2015).
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Table 5. The value of annual mean concentrations of PM2.5 particles at the air quality
monitoring station in 2011-2015

Annual mean concentrations of PM2.5 particles
Limit value (2015): 25 pg-m, since (2020): 20 pg-m?3,
2011 2012 2013 2014 2015
40 43 36 33 36

Source: Air Protection Program for the Matopolska Province. Malopolska in a healthy atmosphere. Annex No.
1 to the Resolution No. XXXI1/451/17 of the Matopolska Province Assembly of January, 23 2017. Office of
the Marshal of the Matopolska Province 2017 [in Polish]

Measurement station

Nowy Sacz

The background and inflow of pollutants from outside the city reaches the
level of about 17 pg'm?, i.e. 85% of the limit value and 50% of the total level
of this pollutant in the city. It illustrates the required level of inter-municipal co-
operation to achieve air quality improvement by reducing the level of pollution
below the limit value (Low-Emission Economy Plan ... 2015).

In 2015, an inventory of individual heating systems was carried out (Table
6) in the city of Nowy Sacz. 11 521 address points were inventoried, of which up
to 4 711 were heated with solid fuel.

Table 6. Inventory of individual heating systems in the city of Nowy Sacz

Heating with  Electrically Heated with Heated with Heating provided

City oil fuel heated gas solid fuel by MPEC

Nowy Sacz 42 191 4362 4711 630

Source: Author’s own elaboration based on data obtained from the President of the City of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)

In 2017 an inventory of the number of communal buildings was carried out
with an indication of the heating method (Table 7) in the area of Nowy Sacz. 75
address points were inventoried, 32 of which were connected to MPEC (Munici-
pal Thermal Energy Enterprise), and only 2 were heated with solid fuel.

Table 7. Inventory of communal public buildings in the city of Nowy Sacz

Heating with  Electrically Heated with Heated with Heating provided

City oil fuel heated gas solid fuel by MPEC

Nowy Sacz 5 1 38 2 32

Source: Author’s own elaboration based on data obtained from the President of the City of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)
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There are two independent heating systems in Nowy Sacz (Table 8) man-
aged by Miejskie Przedsigbiorstwo Energetyki Cieplnej Sp. z 0.0. (Municipal
Thermal Energy Enterprise). The systems are fed from the Milenium and Sikor-
ski boiler houses, however, a significant part of thermal needs is met by hard coal
combustion in coal-fired boilers or ceramic tiled stoves (Low-emission Econo-
my Plan ... 2015).

Table 8. The number of connected consumers to the municipal heating network in the
city of Nowy Sacz in the years 2010-2017

Year 2010 2011 2012 2013 2014 2015 2016 2017
The numer of 4 11 7 0 0 6 24
connections

Source: Author’s own elaboration based on data obtained from the President of the City of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)

As part of the KAWKA program, in the years 2014-2016, natural persons
were granted funding for the purchase and installation of 80 solar collectors
and the purchase of 326 solar collectors was financed with the subsidy from the
budget of the city of Nowy Sacz. From the aforementioned program in the years
2014-2016, 625 coal-fired boilers were eliminated and replaced with gas boilers
(548 items) or with high-efficiency solid fuel boilers (28 items) or with heat
pumps (5 items). In the city of Nowy Sacz as part of the Low-Stack Emission
Reduction Program (PONE) in 2010-2017, residents submitted as many as 616
applications for replacement of boilers as part of the “Elimination of low-stack
emission” project and 22 applications as part of the project of “Improvement
of air quality for the city of Nowy Sacz — stage II for the years 2017-2019”
(Table 9).

Table 9. The number of buildings subject to partial thermo-modernization in the years
2010-2017 carried out by the Investment and Renovation Department of the Nowy

Sacz City Council
Year 2010 2011 2012 2013 2014 2015 2016 2017
Public buildings 10 4 2 3 7 6 2 0
Municipal buildings/ 10 16 10 20 44 36 15

communal flats

Source: Author’s own elaboration based on data obtained from the President of the city of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)
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Informing residents about the exceeded permissible concentrations of pol-
lutants in the air plays a social and educational role. The project called “Im-
proving air quality in the city of Nowy Sacz, stage Il in the years 2017-2019 is
currently being implemented (Table 10).

Table 10. Activities in the city of Nowy Sacz contributing to clean air

Year Type of action The final effect of the action

Application to the Provincial Fund for Environmen-
tal Protection and Water Management in Krakow
(WFOSiGW) for the implementation of the PONE
(Low Emission Reduction Programme) stage I as

part of the “Low Emission Liquidation Program Eg;?ﬁ:&%ggfg&j_
0142016 dsup[l)ortmgtthjep;rfcre;zsedqfenergj};fﬁicze’fwy ani the” PLN 1 582 073.00. Co-financ-
evelopment of dispersed renewable energy sources ing from NFOSIGW of the

program. The aim of the project was to improve the air
quality in the Nowy Sgcz area by: liquidation of coal-
fired boiler plants belonging to the municipality and
the State Treasury, replacing the boilers for gas boilers,
heat pumps, installation of solar collectors, conducting
emission inventories, educational campaign.

value of PLN 2 988 476.00
was also obtained.

Co-financing for replacing
the heat source in residential
buildings and separate flats

Implementation of the project ,,Improvement of air

2017-2019 quality in the city of Nowy Sgcz — stage 11"

Source: Author’s own elaboration based on data obtained from the President of the city of Nowy Sacz in the
public information mode (correspondence dated December 11, 2017)

CONCLUSIONS

The research results obtained allowed to put forward the following conclusions:

* According to the annual mean PMI10 particles levels within the
Matopolska Province, Nowy Sacz belongs to the group of cities where
the highest levels of pollution are recorded.

* Low-stack emission in Nowy Sacz is generated by individual heat-
ing systems of buildings as well as adverse meteorological condi-
tions. The obtained results of measurements of air pollutants concen-
trations indicated that the main source of their emission comes from
household furnaces.

e The Low-Emission Economy Plan being in force in the city of Nowy
Sacz is consistent with the local policy defined in the strategic docu-
ments on the development of the city.
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e The share of funds obtained by the city from the KAWKA program is
systematically growing, as evidenced by the scope of subsidies grant-
ed to households for the purchase and installation of solar collectors
granted in the years 2014-2016.
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