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ABSTRACT: The purpose of the article is to present differentiations in participatory budgeting between
Polish communes located in the western, central and eastern part of the country and to discuss the
factors that trigger it. We took into account features such as the size of budgets, voter turnout, the
total number of selected projects and the number of projects aimed at environmental improvements.
The research was conducted in communes of three metropolitan areas: Bialystok, Lodz and Poznan.
The research was carried out in 51 communes, excluding central cities from the study. The data was
obtained from municipal offices and public statistics. Participatory budgets voted in 2017 and imple-
mented in 2018 were analyzed. Projects were classified according to an original typology. There are
quite big differences between the eastern and western part of Poland when it comes to the number of
implemented participatory budgets and the amount of money allocated for this purpose. This indi-
cates the needs and opportunities for the flow of knowledge and exchange of experiences in this area
between individual parts of the country and between particular local governments.
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Introduction

Participatory budgeting is a relatively new tool of local public financial
management. The concept and features of participatory budgeting let us per-
ceive it as a tool for the implementation of the rules of sustainable develop-
ment. The most important of these features are: citizen involvement, the
participation of inhabitants in decision making processes, focusing on local
problems, and spending public funds on important goals, agreed upon by
voting. Participatory budgeting can also be seen as an indicator of public
involvement in solving local problems and of the importance that residents
attach to environmental issues.

The research problem of this study comes down to the question about the
level of diversity in the field of participatory budgeting between communes
located in western, central and eastern part of Poland. There are questions
about features such as the size of budgets, the number of submitted projects,
types of selected undertakings and the role of projects aimed at solving envi-
ronmental problems. The goals of the article are to present this diversity, and
to highlight and discuss factors that cause it.

An overview of the literature

Participatory budgeting is quite a new tool of public finance management
in Poland. The first participatory budget in the world was organized in Brazil
in 1989 (Shah, 2007, p. 92), in Poland it was in 2011 (Krzes, 2014, p. 99).
Consequently, it is possible to find numerous studies showing the analyses of
participatory budgeting from the global perspective and relatively little anal-
ysis on the Polish scale.

Dias (2014) describes the dynamics of the development of participatory
budgeting in different parts of the world. It is significant that processes of
participatory budgeting origin from rather poor countries of Latin America
(Shah, 2007, p. 92-16). The studies of the conditions and processes of the
development of participatory budgeting in European countries were con-
ducted by Sintomer, Récke and Herzberg (2016). Using the examples of Spain,
[taly, France and many other countries, they present different ways of increas-
ing the participation of inhabitants in deciding on the directions of spending
public funds. There are a number of studies that present different aspects of
participatory budgeting: the creation and evaluation of participatory budget-
ing and its rules (e.g. Wampler, 2012; Pape, Lerner, 2016; Sgueo, 2016), the
conditions and experiences of different countries (e.g. Baiocchi, Lerner, 2007;
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He, 2011; McNulty, 2012), regions and cities (Souza, 2001; Zhang, Liao, 2011;
Marquetti, Schonerwald da Silva, Campbell, 2011).

There are only a few studies in the field of participatory budgeting in
Poland due to the short period in which this tool of public finance manage-
ment has been implemented there. The role of social participation in the
shaping of local and regional development in Poland, through the participa-
tion budgeting, is an issue that is quite often raised (Szaja, 2015; Lukowski,
2017; Michalska-Zyta, Brzezinski, 2017). A few works describe some cases of
the implementation of participatory budgeting in Polish cities (Dakowska,
2013; Kowalska, 2014; Polko, 2015; Krawczyk, 2016). Bernaciak, Rzenica and
Sobol (2017) compare the participatory budgeting of three cities: Poznan,
Lodz and Katowice. They present and try to explain differences between
them. Sobol and Rzenca carry out the comparative studies of the participa-
tory budgeting of small towns in two voivodships (Lower Silesia and Lodzkie)
(2018). They point to numerous problems related to the implementation of
participatory budgeting in small cities. The most important of them are:
insufficient information policy, poor promotion, quite a low level of inhabit-
ants’ engagement.

The differentiation of Polish regions is well described in the literature.
Many studies present characteristic features of particular regions as well as
the causes of differences between them (e.g. Jatowiecki, 1996; Gorzelak,
2007; Nowakowska, 2011). Czyz (2012) compares and classifies Polish sub-
regions. A high level of economic development is characteristic of the subre-
gion with the metropolitan area of Poznan. The agglomeration is character-
ized by the average level and Bialystok metropolitan area by the low level of
this feature. The standard of living is indicated as high for the subregion with
Poznan agglomeration and average for the subregions with the Lodz and Bia-
lystok metropolitan areas.

There is lack of research that would show the development of participa-
tory budgeting in Poland, especially in the context of various regional condi-
tions. This issue constitutes a research gap, the fulfillment of which was
undertaken in the research and presented in this paper.

Research methods

The aim of the research was to identify the diversity in the field of partic-
ipatory budgeting between communes located in western, central and east-
ern part of Poland. The research was conducted in the communes of three
metropolitan: Poznan (west), Lodz (center) and Bialystok (east). Poznan was
selected as the representative of the west of the country; the other choices
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were Wroclaw and Szczecin. Lodz metropolitan area was chosen from the
group of three agglomerations, including also Bydgoszcz and Katowice. The
Lublin metropolitan area was selected as the example of eastern Poland
(other agglomerations: Bialystok and Rzeszow). Unfortunately, it turned out
that there is no participatory budgeting in the communes of the Lublin
agglomeration. It was necessary to repeat the draw. In the second round, the
Bialystok agglomeration was drawn.

In the case of the metropolitan areas of Poznan and Bialystok, all com-
munes belonging to the poznanski and bialostocki poviats (districts) were
taken into account. There is a similar situation in terms of administration in
both cases - a ring of communes belonging to one poviat surrounds the cen-
tral city. The names of these poviats come from the name of the central city
- poviat poznanski and poviat bialostocki, respectively. The situation is
slightly different in the case of the Lodz metropolitan area. The central city is
adjacent to three poviats: pabianicki, zgierski and lodzki. In this case, the
communes selected by Swianiewicz and Klimska (2005, p. 54) as the com-
munes of the Lodz agglomeration were included in the research. As a result,
the research was carried out in 51 communes: 17 belonged to the Poznan
metropolitan area, 19 to the Lodz metropolitan area and 15 to the Bialystok
metropolitan area. The central cities of each of the analyzed spatial units
(Poznan, Lodz, Bialystok) were excluded from the study, due to their com-
pletely different characteristics from other communes.

Participatory budgeting voted in 2017 and implemented in 2018 was
take into account. The lists of projects submitted to the participatory budg-
ets, as well as the data on the size of participatory budgeting in particular
units, was obtained from the official municipal websites or directly from
municipal offices. The data on the number of inhabitants was obtained from
official statistics.

An original typology was adopted for the analysis of the submitted and
implemented projects. All projects aimed at protecting or improving the
environment were divided into seven categories: green infrastructure, blue
infrastructure, nature conservation, air and atmosphere protection, care of
domestic animals, waste management, ecological education, noise protec-
tion. The projects were classified into individual categories in accordance
with their main purpose or with the area in which the most important envi-
ronmental effects are expected. Having in mind that each of the projects can
bring environmental effects in more than one area (specific categories), the
principle of qualifying the project to one of the selected areas was accepted.
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The results of the research

There are 20 (39%) communes implementing participatory budgeting
among 51 analysed. The highest rank of implementation characterized the
poznanski poviat - 10 out of 17 communes (more than 58%) implement par-
ticipatory budgeting. The rate for the Lodz metropolitan area is slightly lower
- seven out of 19 (37%) communes apply participatory budgeting here. The
smallest value of this indicator is observed in the eastern part of Poland.
There are only three (20%) communes which implemented this tool of
finance management in the bialostocki poviat (table 1).

Table 1. Communes of the analyzed spatial units, its budget income and participatory

budgeting

Commune ESL:Z;[;?;OTY Tl e cB:gii]:tir?fcr)me .[szfgfyobfur;:;?:]g Turnout
[PLN, 2017] [PLN, 2016] [PLN, 2016] ige]budget income

Poznanski poviat
Buk 49,891,379.57 399291
Czerwonak 908,400.00 108,685,203.01 3,959.39 0.84 0.00*
Dopiewo 150,000.00 106,562,782.51 414770 0.14 10.37
Kleszczewo 37,028,397.02 4,629.71
Komorniki 500,000.00 123,952,313.92 4,403.44 0.40 595
Kostrzyn 245,000.00 61,517,600.28 3,399.70 0.40 0.00*
Kérnik 700,000.00 138,747,290.75 5157.70 0.50 26.97
Lubon 250,000.00 106,961,329.47 3379.18 0.23 19.24
Mosina 947,923.00 116,119,559.15 3,589.48 0.82 4.40
Murowana Goslina 61,012,786.63 3,627.40
Pobiedziska 77,687,228.16 4,002.23
Puszczykowo 100,000.00 38,287,961.15 3,950.06 0.26 5.66
Rokietnica 59,830,740.00 3,539.23
Steszew 61,122,362.83 4,071.30
Suchy Las 121,449,628.08 7,102.32
Swarzedz 1,600,000.00 207,062,584.55 4,163.99 0.72 14.33
Tarnowo Podgérne  50,000.00 184,487,646.12 7,047.43 0.03 8.59

Average value 97,670,987.84 4,362.54 0.43 11.94
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Participatory . Budget per SIETE G parti(.:i—
Commune budgeting F;f&ezt(;qg])me capita income i[:]a:)?]rggﬂ?g:::g Turnout
[PLN, 2017] [PLN, 2016] %]
Lodz metropolitan area
Aleksandrow £ddzki  1,000,000.00  110,648,268.68 3,518.79 0.90 9.18
Andrespol 47,043213.21 3,443.61
Bréjce 24,956,489.55 3,829.44
Diutéw 16,955,718.72 3,712.66
Dobron 27,589,292.67 3,605.03
Gtowno (urban) 150,000.00 44,459,835.22 3,082.78 0.34 12.56
Koluszki 100,000.00 90,907,773.63 3,845.67 0.1 n/a
Eggi?myn"’w 40000000 6391254680 354813 0.63 2143
Ksawerdw 34,191,184.15 4.449.66
Nowosolna 22,680,876.79 4,676.47
0zorkéw (urban) 333,000.00 69,690,885.10 3,540.30 0.48 8.90
Pabianice (urban) ~ 1,000,00000  216,414,003.78 3287.82 0.46 7.20
Pabianice (rural) 36,433,271.08 5,033.61
Poswietne 13,084,234.92 3,782.66
Rzgow 50,890,655.95 4,997.61
Strykéw 67,743,386.23 5391.44
Tuszyn 49,219,077.51 3991.17
Zgierz (urban) 800,000.00 197,213,771.39 3,478.81 0.41 n/a
Zgierz (rural) 49,974,238.75 3576.74
Average value 64,947,827.59 3936.44 0.47 11.85
Bialostocki poviat
Choroszcz 150,000.00 48,225,326.53 3222.11 0.31 22.10
Czarna Biafostocka 36,923,018.86 3213.49
Dobrzyniewo Duze 33,102,234.39 3,621.29
Grédek 20,979,484.60 3974.89
i‘;‘;‘;{‘emec 62,511,633.71 3,892.87
Lutomiersk 28,578,656.71 3/440.31

tapy 74,919,130.54 3,394.31
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Participatory . Budget per dizal partigi—
Commune budgeting ﬁnuﬂ?e;(;?g])me capita income ?nat?jrggil:?ggéﬁ% Turnout
[PLN, 2017] ! [PLN, 2016] %]
Michatowo 29,436,865.93 4,390.94
Suprasl 2,976,814.65 52,032,269.92 3,466.74 572 24.01
Suraz 8,640,872.78 4,355.28
Turosn Koscielna 23,946,005.00 3,864.75
Tykocin 24,082,955.08 3,840.37
Wasilkow 160,000.00 52,966,755.99 3,235.60 0.30 8.17
Zabtudow 33,661,799.41 3,642.36
Zawady 10,133,926.06 3,666.40
Average value 36,008,729.03 3,681.45 2.11 18.09

* Due to the small number of projects — implementation without voting
Source: author's own work based on data taken from municipality offices.
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Figure 1. Communes implementing participatory budgeting according to the number of
inhabitants

Source: author's own work based on data taken from www.bdl.stat.gov.pl [15-05-2018].
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Participatory budgeting is primarily implemented by communes with
a large number of inhabitants. The border population from which the munic-
ipalities applied this kind of budget in the audited period was 20,000 resi-
dents. Only a few municipalities with a smaller number of inhabitants take up
the challenge of implementing participatory budgeting. We observe this trend
in the communes located in all areas of Poland under analysis (figure 1).

The situation is similar when it comes to the value of commune budget
incomes. Participatory budgeting is implemented primarily by communes
with a higher level of income. In this case, the border value of income is 100
million PLN. All communes under analysis with income higher than this value
have implemented participatory budgeting. On the other hand, there is not a
single commune implementing participatory budgeting the income of which
is less than 38 million PLN.

What is interesting is the relation between the implementation of partic-
ipatory budgeting and the size of communes’ budgets per capita. In the case
of western communes (the poznanski poviat) these two factors are not
related. Participatory budgeting is implemented both by communes with
a high level of per capita income and those with the low level (figure 2).
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Figure 2. Communes of the poznanski poviat implementing participatory budgeting
according to the value of per capita income

Source: author's own work based on data taken from municipality offices.
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Figure 3. Communes of Lodz agglomeration implementing participatory budgeting
according to the value of per capita income

Source: author's own work based on data taken from municipality offices.
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Figure 4. Communes of the bialostocki poviat implementing participatory budgeting
according to the value of per capita income

Source: author's own work based on data taken from municipal offices.
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In turn, in the case of the other two spatial units, certain regularity is
noticeable - the communes with the lower level of income realize participa-
tory budgeting per capita. There is not a single commune with income higher
than 4,000 PLN per capita that implement participatory budgeting in the
Lodz metropolitan area (figure 3).

The same relation is observed in the bialostocki poviat - three out of five
communes with the lowest per capita income implement participatory budg-
eting (figure 4). No communes with income higher than 3,500 PLN do the
same.

As regards the type of projects, one can find differences between the par-
ticipatory budgets of the communes in the western, central and eastern
Poland. At the stage of the submission of projects, the poznanski poviat is
characterized by the highest share of green projects (24.32%). It is almost
twice bigger than in the other analyzed units (table 2).

Table 2. Green projects submitted to participatory budgeting

. Poznanski Lodz metropolitan  Bialostocki
Specification . .
poviat area poviat
Number of submitted projects 148 168 23
Number of submitted green projects 36 23 3
Share of green projects [%] 24.32 13.69 13.04

Source: author's own work based on data taken from municipality offices.

Table 3. Types of submitted green projects

Specification Poz_nanski Lodz metropolitan Bial_ostocki
poviat area poviat
Green infrastructure 14 7 0
Blue infrastructure 3 2 3
Nature conservation 2 2 0
Air and atmosphere protection 15 10 0
Care of domestic animals 3 2 0
Waste management 1 1 0
Ecological education 0 1 0
Noise protection 0 0 0

Source: author's own work based on data taken from municipal offices.
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Two types of projects dominate in the poznanski poviat and the Lodz
metropolitan area: projects related to green infrastructure and those con-
cerning air and atmosphere protection. All projects submitted in the bialos-
tocki poviat are connected with blue infrastructure (table 3).

The share of green projects in the selected projects is lower than in the
submitted projects. There is not big difference in this regard in the poznanski
poviat. The difference in the Lodz metropolitan area should be considered
significant. None of the submitted green projects was selected in the bialos-
tocki poviat (table 4).

Table 4. Green projects selected in participatory budgeting

I Poznanski Lodz metropolitan  Bialostocki
Specification . .
poviat area poviat
Number of selected projects 67 59 6
Number of selected green projects 16 6 0
Share of green projects [%) 23.88 10.17 0.00

Source: author's own work based on data taken from municipality offices.
Green infrastructure and air and atmosphere protection projects are the
most often selected types of projects both in the poznanski poviat and in the

Lodz metropolitan area (table 5).

Table 5. Types of selected green projects

Specification Poz_nanski Lodz _ Bial_ostocki
poviat agglomeration poviat
Green infrastructure 6 1 0
Blue infrastructure 1 0 0
Nature conservation 2 0 0
Air and atmosphere protection 4 4 0
Care of domestic animals 3 0 0
Waste management 0 0 0
Ecological education 0 1 0
Noise protection 0 0 0

Source: author's own work based on data taken from municipal offices.

Communes of the bialostocki poviat achieve the highest average value of
turnout (18.9%). Communes of other units exhibit a significantly lower aver-
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age value: the Lodz metropolitan area - 11.85% and the poznanski poviat
-11.20% (figure 5).
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Figure 5. Voter turnout in the communes of the analyzed spatial units
Source: author's own work based on data taken from municipal offices.

Conclusions

Participatory budgeting as a tool of public finance management is imple-
mented by larger spatial units (communes) in terms of their size measured
by the number of inhabitants and the size of the budget. If we wanted to build
the model of a commune implementing participatory budgeting, the border-
line elements would be 20,000 of inhabitants and 100 million PLN of budget
income. There is very high probability that the municipalities exceeding
these values implement participatory budgeting.

When analyzing the participatory budgeting of communes in different
parts of Poland, one can notice significant differences between them. The
most important of them are:

e greater popularity of this form of public finance management in the west-
ern and central parts of Poland in comparison to the east of the country,

¢ the lack of relation between the size of per capita income and the ten-
dency to implement participatory budgeting in the communes of the
western part of Poland and a greater tendency to implement the budget
by communes with a lower level of per capita income in the central and
eastern part of the country,

¢ arelatively big share of green projects in the participatory budgeting of
the communes of the western and central part and a small share of these
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projects in the participatory budgeting of the communes of the eastern
part.
The dependencies identified and presented above could be explained by

several factors:

Participatory budgeting origin from economically weaker states and cit-
ies (e.g. Porto Alegre, Brazil; Ciudad Guayana, Venezuela; Montevideo,
Uruguay) (Shah, 2007, p. 93; Czyz, 2012, p. 226). By analogy, one can
assume the tendency to implement this tool by relatively poorer spatial
units.

A lower level of the implementation of participatory budgeting by the
communes of the eastern part of Poland results from the spatial charac-
teristics of this part of the country - fewer communes that would meet
the identified boundary conditions related to the number of inhabitants
and the size of the budget.

Spatial conditions should also explain the fact that communes in the east
of Poland are less interested in green projects than those located in the
central and western part of the country. Areas of the poznanski poviat
and the Lodz metropolitan area are much more urbanized than the
bialostocki poviat. As a result, the natural environment has undergone
significant transformation here. Residents demand improvements to the
environment, which is reflected in the projects submitted and selected in
participatory budgeting. In the bialostocki poviat, where the environ-
ment has been less affected, inhabitants do not voice such demands.
Residents are interested in other types of projects, the ones that raise the
level of social and economic development. High interest in this area is
reflected in the largest turnout among the surveyed units.

The conducted research is of a pilot nature. Including them in the future

of a larger commune group would enable analysis using statistical tools. In
turn, if the research is repeated in the following years, it will be possible to
observe the dynamics of trends in the area of the implementation of partici-
patory budgeting by Polish communes. These are the recommended direc-
tions of further research in this area.
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Introduction

The act of 13 September 1996 on maintenance of cleanliness and order
in municipalities (Journal of Laws 2011 no. 152, item 897, as amended),
altered the municipal solid waste management system. “The waste revolu-
tion” (resulting from the amendments to the act mentioned above), which
came into force on 1 July 2013, had local governments of municipalities
assume responsibility for waste generated by their residents. The scope of
duties municipalities were entrusted with required outlays on the establish-
ment and operation of the new municipal solid waste management system,
including:
¢ collection, transport, recovery and disposal of municipal solid waste,
¢ establishment and maintenance of municipal solid waste collection

points,
¢ administration of the system,
¢ educational campaigns among residents.

Another essential change was related to establishing the method for res-
idents to pay fees for the collection and management of municipal waste.
Fees for municipal waste management were not directly associated with the
weight of generated waste. They were dependent on the characteristics of
households where waste was generated. Dijkgraaf and Gradus (2009), Sakai
etal. (2008) and van Beukering et al. (2009) in their articles show the benefit
of using fees based on the weight of waste (not for household or per person).
These benefits have a financial dimension, but also social and educational.
More and more municipalities in Europe are implementing a system “unit-
based pricing”. Unfortunately, there are still cases of illegal dumping sites in
such communes.

There are many debates in the literature regarding whether a change of
waste management fee provides enough of an incentive to encourage waste
minimization and recycling. Many authors state that a waste management fee
for municipal solid waste should be designed to encourage households to
reduce the amount of their waste (Welivita et al., 2015).

In 2012 the basic task of the Polish municipality was to calculate the run-
ning costs of the system and their distribution among residents. Initially, the
policymaker specified neither minimum nor maximum rates of these fees,
granting the municipalities complete freedom within this scope. Each munic-
ipality, within specific legal limits, shaped its own fee system for municipal
solid waste management (Kiepas-Kokot et al., 2015).

In designing a waste management fee, charging method, payment vehi-
cle, features of service package and challenges in implementing should be
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considered (Welivita et al,, 2015). Charging method can be a flat rate (fixed)
or unit rate (quantity-based charge). The flat rate has become popular in
many developed and developing countries because of easy handling and con-
stant revenue generation (Topfer, 2005). However, some developing coun-
tries are facing a problem of fees which are not sufficiently covering the cost
of waste management. Further, a price correction is also difficult to do due to
public and political opposition (O’Connor, 1996). Quantity-based charge
method is also known as the “unit pricing” or “pay as you throw” method
where households are charged according to the amount of waste or frequency
of collection (Chang et al., 2008). The waste amount is measured on the basis
of weight, volume (can, bag, tag/sticker) and frequency (Diaz et al., 2005).
This method is popular in many countries due to its ability to give a clear
price signal hence encouraging households to reduce their waste. Even
though it is popular among developed countries such as Denmark, Finland,
Sweden, the Netherlands (Dijkgraaf, Gradus, 2004, 2009; van Beukering et
al,, 2009), and Belgium (Gellynck, Verhelst, 2007), no proof of its application
in developing countries was available in the literature.

In Poland, until 2012, it was waste producers themselves (residents) that
were responsible for signing contracts with entrepreneurs licensed to collect
and transport municipal solid waste. The municipality served only the regu-
latory and control functions, without affecting the management of waste col-
lected from its residents (Malinowski, 2011). Both in rural and urban areas,
the management of waste was improper, as it entailed combustion in house-
hold heating systems and dumping waste in locations not intended for this
purpose, which would result in the creation of numerous “illegal dumping
sites” (Steinhoff-Wrzesniowska, 2015; Ciura et al., 2017). The new municipal
waste management system began to function on 1 July 2013. The main
assumption behind the amendment was to delegate the authority over waste
to the municipality where it was generated (Journal of Laws 2011 no. 152,
item 897, as amended). At the same time, the European Union and national
legislation committed the local municipal government to achieving specific
recycling rates for paper, plastic, glass and metals, to preparing construction
waste so that it could be reused and recovered by other means, and to reduc-
ing the weight of biodegradable municipal waste intended for landfilling
(Malinowski, Kopytko, 2014).

The running costs of the new system are covered by fees paid by resi-
dents. These fees will soon rise across the country due to increased costs of
waste management. Between 2018 and 2020, fees for waste landfilling will
double (Journal of Laws 2017, item 723). Such circumstances will translate
into higher amounts offered in tenders for the collection and management of
waste and, therefore, increased fees for residents. In fact, the latest amend-
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ment to the act on maintenance of cleanliness and order in municipalities
(Journal of Laws 2011 no. 152, item 897, as amended) necessitates manda-
tory waste segregation due to the fourfold increase in the waste collection
and management fee imposed on residents who will not collect waste selec-
tively. To avoid this drastic rise, one should attempt to increase the weight of
selectively collected waste, simultaneously decreasing the weight of mixed
municipal waste. This solution will enable one to achieve higher recycling
rates for paper, plastic, metal and glass.

Selective municipal waste collection is one method to facilitate meeting
EU requirements by the municipality. As of 1 July 2017, the Regulation of the
Minister of the Environment on detailed method for the selective collection
of certain waste fractions came into force (Journal of Laws 2017, item 19).
This regulation specifies the detailed method for the selective collection of
certain waste fractions and establishes a uniform segregation system for
entire Poland. Pursuant to it, collected waste will be divided into the follow-
ing fractions: paper, glass, metals and plastics, biodegradable waste and other
waste (mixed). The enactment of such regulations in the light of the hitherto
most popular waste collection system of two sacks or containers, with the
division into segregated and mixed waste, will also cause the cost of its col-
lection and management to change.

The municipality is obliged to specify, by way of resolution, the method
for setting the fee rate for municipal waste management (Journal of Laws
2011 no. 152, item 897, as amended). The allowed criteria for setting munic-
ipal waste management fees are as follows: number of residents on the prop-
erty, volume of water used on a specific property or dwelling surface. Reve-
nues from fees imposed on residents must cover all running costs of the sys-
tem, including not only collection, transport, recovery, disposal of municipal
solid waste or establishment and maintenance of selective municipal waste
collection points, but also the administration of the system and educational
campaigns among residents. In order to encourage residents to consciously
handle waste, Municipal Councils very frequently set lower rates for the col-
lection of segregated waste. According to Terek, Piotrowska (2013), the fee
for municipal waste collection from people who collected waste selectively as
the act was being implemented fell between PLN 2.5 and 15 per person per
month. The average value for the whole of our country is PLN 8.5 per person
per month. If waste is not collected selectively, the fee increases by 40.0% on
average and falls between PLN 7 and 25 per person per month (Terek,
Piotrowska, 2013).

The source literature emphasises the key role of ecological education in
waste management (Kostecka, 2011). In this context, one can point out the
special role that the economic factor plays in shaping pro-ecological attitudes
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(Jazwinski, 2010). The research into what motivates pro-ecological attitudes
shows that instrumental (mainly economic and health-related) factors are
the most efficient stimuli (Htobit, 2009). There are research works which
indicate that one municipality’s decisions could be influenced by those of a
neighboring municipality (Zafra-Gémez, Chica-Olmo, 2018). Therefore, of
significant importance is to research and analyze spatial interrelations of fee
rates for waste collection and management.

Some authors, including Dahlén and Lagerkvist (2010), Dijkgraaf and
Gradus (2004) and Sakai et al. (2008), claim that changes in the fee rate or in
the method of its setting, often resulting in an increase in the fee rate, lead to
reduction of municipal waste generated and to an increase in the share of
waste directed to composting or recycling processes, which implements the
paradigm of circular economy.

The aim of the paper was to analyse the variability of fees charged for
waste collection and management and to analyse changes within this scope
between 2013 and 2016 in the municipalities of the 1st Waste Management
Region in the Silesian Voivodeship as regards the weight of mixed and segre-
gated waste and efficiency of its selective collection.

Characteristics of the research area

The research was conducted in the 1st Waste Management Region of the
Silesian Voivodeship, which includes five counties, namely Czestochowa,
Zawiercie, Ktobuck, Lubliniec and Myszkéw. In 2018, the Municipal Offices
from this Waste Management Region were asked to share information neces-
sary to prepare the characteristics of waste management fees incurred by
residents of the municipalities and data to prepare the characteristics of
waste generated in the research area. Thirty seven municipalities answered.
The information for the analysis and statistical interpretation of results was
obtained from 34 municipalities and applied to the period from 1 July 2013
to 31 December 2016. Some of the data was also acquired from online public
information bulletins. Therefore, the ultimate research area covers 34 munic-
ipalities whose location is shown in figure 1.

All of the examined municipalities are provided with waste management
services by Czestochowskie Przedsiebiorstwo Komunalne Sp. z o. 0. (CzPK),
which manages the regional municipal solid waste treatment plant (Region-
alna Instalacja Przetwarzania Odpadéw Komunalnych - RIPOK).
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Figure 1. Location of the research area

Source: author's own work.

Research methods

The acquired data, submitted in the form of scanned statements filed
by the facilities providing the municipalities with municipal waste collection
services, was tallied and verified against the information shared by the Mar-
shal’s Office of the Silesian Voivodeship. The analysis of the collected data
included:
¢ calculation of the mean index of municipal solid waste accumulation:

M 2013 M 2014\, (M 2015 M 2016
+ + +
L2013 L2014 L2015 L2016

W, = - -1000, )
where:

W, - index of municipal solid waste accumulation [kg per person per year],
Mp13 Mop1 Moprs, Mopre - total weight of municipal solid waste collected from

residents of the municipality respectively in 2013, 2014, 2015 and 2016 [Mg],
L3013 L2o1a L2015 L2916 — number of municipality residents respectively in the exam-
ined year.

¢ calculation of the share of segregated municipal waste in the stream of
all municipal waste collected from residents of the municipalities in
2013, 2014, 2015 and 2016 based on the formula:
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Ms . 100 [%)],

Us = Mg+M, (2)

where:

U, - share of segregated municipal waste in the entire municipal waste stream
in a specific year [%],

M, - weight of segregated municipal waste collected from residents of the municipal-
ity in a specific year [Mg],

M, - weight of mixed municipal waste collected from residents of the municipality
in a specific year [Mg].

¢ specification of the effectiveness of waste segregation by calculating the
mean share of segregated waste in the stream of all municipal waste dur-
ing the research period , calculated as an arithmetic mean of shares for
the four years,

¢ evaluation of the increase/decrease in the share of segregated municipal
waste calculated as the ratio of the segregation share in 2016 to the seg-
regation share in 2013:

AU = (M)—l £100 3)
Us 2013 ’
where:

AU - ratio of the segregation share in 2016 to the segregation share in 2013 [%)],

Usz016 — share of segregated municipal waste in the entire municipal waste stream

in 2016 [%],
Usz013 — share of segregated municipal waste in the entire municipal waste stream
in 2013 [%].

¢ based on the known rates for the collection and management of mixed
municipal waste and selectively collected waste from residents in 2013
and 2016, we determined the change of these rates in each municipality
throughout the four years:

7 = <Opz,s 2016) —1)-100 (4)
25 OPzs2013 ’
where:

Uy - change in the rate for the collection and management of mixed municipal waste
(z) and selectively collected waste (s) [%],

Opzs 2016 — Tate for the collection and management of mixed municipal waste (z) and
selectively collected waste (s) in 2016 [PLN per person per month],

Opzs 2013 - Tate for the collection and management of mixed municipal waste (z) and
selectively collected waste (s) in 2013 [PLN per person per month].

The ratio of the mean rate for the collection and management of selec-
tively collected waste to the mean rate for the collection and management of
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mixed municipal waste will allow us to determine whether the municipality
encourages its residents to collect waste selectively in financial terms.

For the mean values of analyzed fee rates and above mentioned indexes
standard deviation values were calculated and presented in the text.

Results visualization

The results are presented in graphical form. To prepare the presentation,
the ArcView GIS 10 was used. Maps were prepared to present the data on
waste management in the specific region. To group the municipalities, we
applied the Jenks natural breaks classification method, which meets the fol-
lowing assumptions: data of approximate values belong to one class; each
class contains a specific number of values; none is an empty set (Jenks, 1967).

Results of the research

Mass accumulation of waste

The mean index of mixed municipal solid waste accumulation for the
research area was 236459 kg per person per year. This value is close to the
Polish average, which in 2014 was 214 kg per person per year; however, it
was smaller than the value for the Silesian Voivodeship, which in 2014
reached 280 kg per person per year (Ochrona §rodowiska, 2015). The lowest
value of the mass accumulation index was 125 kg per person per year and
was recorded in the rural municipality of Niegowa, whereas the highest was
recorded in the urban municipality of Zawiercie: 341 kg per person per year.

At present, one of the most important issues related to waste manage-
ment is not the weight of generated waste but the efficiency of its selective
collection and impurity level of this waste (Malinowski et al., 2018). In 2016,
the share of selectively collected waste in the entire weight of municipal
waste collected in Poland was 25.2% (CSO, 2017). The share of selectively
collected waste in the research areabetween 2013 and 2016 was: 22.6+11.5%
(figure 3). Regarding urban and urban/rural municipalities (12 municipali-
ties), this share was closer to the Polish average and reached 24.6%, whereas
in rural municipalities - 21.8%. The differences were not statistically signifi-
cant (Fischer’s exact test, p = 0.05). In the municipality of Koniecpol, even
59.3% of waste is collected selectively on average yearly. The lowest mean
share of segregated waste, only 8.1%, was recorded in the municipality of
Niegowa.
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Figure 2. Mean index of mixed municipal solid waste accumulation in the municipalities
[kg per person per year]

Source: author's own work.

Figure 3. Mean share of selectively collected waste in the total stream of municipal solid
waste [%]

Source: author's own work.
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From 2013 onwards, the weight of waste collected selectively is observed
to have been increasing in Poland. Between 2012 and 2016, there was an
approximately threefold growth of the weight of such waste; however,
according to Malinowski et al. (2018), its impurity level is approx. 30%.

In nine of all the examined municipalities, the share of segregated waste
was observed to decrease by 11.3+7.1% on average, whereas 21 municipali-
ties recorded the increase in the share of “segregation” in the municipal
waste stream (figure 4). Such circumstances testify to a good trend among
residents of these municipalities and a high level of their ecological con-
sciousness. The mean increase in the share of selectively collected waste dur-
ing the examined period in these 21 municipalities amounted to 63.9+21.2%.
Over 100% growth in the share of selectively collected waste was reported in
the municipalities of Panki (118%), Kamienica Polska (100%) and Poraj
(102%). The higher increase in the effectiveness of segregation was recorded
in rural areas, which is attributable to the fact that these areas are reducing
their backlog related to selective waste collection more dynamically. [t should
also be noted that it is easier for residents of rural areas to collect such waste
than for residents of towns or cities. This is related to, for instance, the avail-
ability of containers and their location near households. Furthermore, rural
dwellers take greater care while segregating waste. As for blocks of flats in
urban areas, the responsibility for the segregation of waste is assumed by all
dwellers of the entire block, no matter if individuals segregate waste or not.
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Figure 4. Change in the share of segregated waste in 2016 in relation to segregated waste
in 2013 [%]

Source: author's own work.
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Fees paid by residents for waste management

Rates of monthly fees for the collection and management of municipal
solid waste that the local governments of the majority of the municipalities
have established in the research area are charged per person inhabiting the
property (figure 5). This method has been used for a long time and is now
quite common. With all certainty, its advantage lies in simplicity and low
implementation cost (Grzymata et al., 2013).
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Figure 5. Mean rates for the collection and management of mixed municipal waste
imposed on residents [PLN per person per month]

Source: author's own work.

The amount (monthly fee rate) imposed on residents for the collection
and management of mixed municipal waste is PLN 10.0 per person in the
municipalities of Kamienica Polska and Zarnowiec (the lowest fee rates),
whereas in the municipality of Kochanowice - it may be up to PLN 19.5 per
person (the highest fee rate). The mean amount for the research area, which
is PLN 14.1+1.9 per person per month, was exceeded by 14 municipalities
(figure 5). When household waste is also collected selectively, these amounts
decrease twice on average (figure 6). Lowest fees for the collection and man-
agement of waste from households (which segregate waste) are paid by res-
idents of the municipality of Irzadze, PLN 5.5 per person per month, whereas
residents of Czestochowa contribute the most to the municipal coffers, that is
PLN 10.5 per person per month. The mean monthly fee for the research area
was PLN 7.3%1.1 per person.
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Figure 6. Mean rates for the collection and management of municipal waste also collected
selectively [PLN per person per month]

Source: author's own work.

Figure 1 shows mean rates for the collection and management of mixed
municipal waste from households which did not opt for collecting waste in
colour sacks or containers for segregation. In the southern parts of the region,
one may observe significantly higher rates. Furthermore, the towns or cities
are characterised by slightly higher rates (PLN 14.5%1.5 per person per
month) in comparison to rural areas (PLN 14.0+2.0 per person per month).
In the case of households from rural municipalities which opted for waste
segregation, the monthly fee for waste collection and management is lower
by PLN 1 per person than in urban areas (PLN 8.1 per person in urban areas).

The ratio of the rate for mixed municipal waste collection to the rate for
selectively collected waste may be a tool used for promoting waste segrega-
tion. When residents committed themselves to segregating municipal waste,
the fee for its collection and management was 52.0% lower than in the case
of a fee charged when there was no such commitment. The lower cost encour-
ages municipality residents to segregate waste. In the urban municipality of
Czestochowa, the fee for waste collected selectively was 84.0% of the amount
charged for the collection of mixed municipal waste. Residents of the vast
majority of the municipalities pay half as much for the collection of segre-
gated waste than where there is no segregation and mixed municipal waste is
collected (figure 7).
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Figure 7. Ratio of the rate for the collection and management of municipal waste collected
selectively to the rate for the collection and management of mixed municipal
waste [%]

Source: author's own work.

As for the vast majority of the examined municipalities, there was an
increase in the fee rate for the collection and management of mixed munici-
pal waste, as well as selectively collected waste (figures 8 and 9). It occurred
regardless of legal or economic stimuli. Speaking of both mixed and segre-
gated waste in 2016, this fee was higher by 34.0% on average. The fee for
services related to mixed waste decreased in the municipalities of Lazy and
MiedZno. The fee was reduced by 5.6% and 8.0%, respectively, in relation to
2013. Fees paid by residents in the case of segregation dropped in the munic-
ipalities of Lazy by 5.6%, and Herby by 12.5%. In approximately one third of
the municipalities, fees for services related to both mixed and segregated
waste had not changed from 2013 (figures 8 and 9).

The spatial variability of fee rates and their fluctuations as regards
the management of mixed municipal waste and segregated waste indicate a
clear regularity, confirmed by the ratio of the correlation between changing
rates for the collection and management of mixed waste and segregated
waste, to be exact: 0.81. The calculated average fees for the management of
municipal waste bear similarity to the fees estimated by Kiepas-Kokot et al.
(2015) for the waste management in regions of the West Pomeranian
Voivodeship. The mean fee in these regions for mixed municipal waste man-
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Figure 8. Change in the rate for the collection and management of mixed
municipal waste imposed on residents

Source: author's own work.
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Figure 9. Change in the rate for the collection and management of waste also
collected selectively

Source: author's own work.
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agement fell between PLN 13.24 and 18.52 per person per month, and for
selectively collected waste - between PLN 8.67 and 12.35 per person per
month. It is worth noting that the increase in the charge for mixed waste did
not always increase the fee for segregated waste. The correlation coefficient
for the above dependence is 0.55.

In the municipalities where the fee rate for waste collection increased,
the increase of the share of segregated waste in the stream of all collected
waste was twice as low when compared to the municipalities where such
fees remained unchanged. In the latter municipalities, the share of segre-
gated waste was increasing throughout the analysis. The correlation coeffi-
cient between the change of fee rates and the change in the share of selec-
tively collected waste was only -0.27. The municipalities which between
2013 and 2016 had not changed their fee rates were mainly towns or cities
and urban/rural municipalities. As can be seen from the above, increasing
rates for the collection of waste from households which opted for selective
collection of waste impedes the process. This is essential in the light of the
prospective increase in fee rates for waste collection and management, which
will affect all citizens of Poland.

Apart from the above mentioned work of Kiepas-Kokot et al. (2015)
there are no similar research results concerning dependency of fee rates in
Polish municipalities and effectiveness of waste management in terms of
amounts of waste collected selectively and directed to recycling. Yang and
Innes (2007) indicate the importance and need of thorough analysis of the
relation between fees imposed on residents and selective waste collection as
well as the share of recyclables in the whole MSW stream.

The paper also calculates the correlation between fee rates in the respec-
tive years, and weight of collected mixed (R=-0,11) and segregated waste
(R=-0,17) as well as efficiency of waste segregation (R=-0,27). Among the
compared correlations, no significant one was observed. This indicates that
the applied fee rate does not affect the efficiency of waste segregation.

Conclusions

The mean monthly fee imposed on residents of the examined municipal-
ities between 2013 and 2016 for the collection and management of mixed
waste in the research area was PLN 14.1 per person; when residents opted
for selective waste collection, the rate was twice as low and amounted to
PLN 7.3 per person. During the examined period, the waste collection fee
increased in the majority of the municipalities by 34.0%. One third of the
municipalities did not change the rate. It is important to note that in the
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municipalities where the fee rate was increased, the rise applied to both res-
idents who collected only mixed waste and ones who segregated it. Similarly,
in the municipalities where the fee was increased, the efficiency of segrega-
tion was hampered, which segregation is essential due to the necessity of our
meeting UE regulations pertaining to waste recycling.

The mean share of the segregated municipal waste stream in the entire
stream of collected waste for the period and region under examination was
22.6%. No significant correlation was observed between the applied fee rate
and efficiency of selective waste collection.
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Introduction

The sustainability of economic development depends on ensuring con-
stant access to energy sources. Uninterrupted access to such and an unre-
strained increase in production and consumption brings about a situation
wherein the demand for energy continues to grow. This results in the deple-
tion of some energy resources, as well as the pollution of the environment,
and, consequently, climate change. The striving to reduce the negative impact
on the environment and to use rationally national resources has, for a good
number of years, forced many countries to focus upon developing renewable
energy sources and to improve energy efficiency (see: Sathaye et al., 2011;
European Commission, 2011; UNECE, 2015; German Energy Agency and
UNECE, 2017; European Union and IRENA, 2018; IRENA, 2019). Attributes
of renewable energy are the inexhaustibility of resources and the elimination
of various types of pollution. However, even the production of energy from
renewable sources carries some risks. For example:
¢ biomass production could contribute to excessive deforestation, losses in

ecosystem services and landscape change (see: Firbank, 2008; Evans et

al.,, 2013; Olesen et al., 2016; Costanza et al., 2015; Tarr, Rubino, Costanza,

2016; Costanza et al,, 2017). It is worth mentioning that land-use change

and subsequent habitat destruction have been the major cause of biodi-

versity loss in terrestrial ecosystems over the last 50 years (Millenium

Ecosystem Assessment, 2005; Secretariat of the Convention on Biological

Diversity, 2010; WWE 2012),
¢ dams for hydroelectric production cause flooding of huge tracts of space,

hence, contributing to social, as well as environmental losses (see: The

World Commission on Dams, 2000; Richter et al,, 2010),
¢ the production of wind energy contributes locally to the generation of

noise and to social costs (see: Upreti, 2004; Jobert et al., 2007; Wiistenha-

gen et al,, 2007; Wolsink, 2010).

Nevertheless, it is with renewable energy that the world has the greatest
hope for sustainable development. The policy of sustainable development in
the field of energy should recognize and minimize such threats, taking into
account existing social needs. Moreover, it should maintain dialogue with
local communities. However, the controversy regarding the use of renewable
energy sources mentioned above raises the questions: ‘Can all elements and
activities in the field of supporting renewable energy sources be considered
fully sustainable? and ‘Which activity should be adjusted?’. In this context,
the aim of the article is to review the EU policy towards renewable energy
sources (RES) and its subsequent assessment, taking into account the princi-
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ples of sustainable development. The presented article is, therefore, an

attempt to supplement knowledge and opinions in this area. Due to the

restrictions on the volume of the article, the analysis concerns selected
aspects of EU policy on renewable energy in three dimensions of sustainable
development:

1. In the economic dimension - the analysis deals with the basic quantita-
tive data regarding the share of RES in the energy balance. These activi-
ties were considered to improve the energy security of the economy. The
wider use of renewable energy sources may also contribute to the econ-
omies of scale and thus the reduction of costs associated with the use of
renewable energy.

2. Inthe environmental dimension, the analysis appertains to the structure
of the sources of energy obtained from RES.

3. In the social dimension - the analysis covered the use of policy instru-
ments aimed at broad social participation and at shaping pro-environ-
mental consumer attitudes.

Research methods

The presented paper is of a theoretical nature. Therefore, the basic
research method is the analysis of available sources, such as literature of the
subject, statistical data, reports, political guidelines and EU legal acquis in
the field of renewable energy sources.

In connection with the stated goal of the article, the adopted research
procedure concerned obtaining answers to three main questions:

1. What have been the trends regarding the share of renewable energy in
the energy balance in EU countries and what is the state of implementa-
tion of EU RES policy targets?

2. What is the structure of energy generation from renewable sources? Can
all of these be assessed as sustainable?

The basic sources of data used to answer the above questions were statis-
tical data available in the Eurostat, International Energy Agency (IEA), Euro-
pean Environment Agency (EEA), OECD, Central Statistical Office (GUS) data-
bases. The data mined is for the period 2010-2015 (latest available data at
the time of completing the article).

3. What is the scale of soft instruments (social impact tools) use in the EU
Member States that influence the shaping of social attitudes towards
energy production and consumption?

The answer to this research question was based on the analysis of source
data contained in the reports on progress in the promotion and use of energy
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from renewable resources from 28 member countries, to the European Com-
mission for 2015. These are the last available data as of when the article was
being researched and written.

Basic data on the share of renewable energy in the energy
balance

In the EU, an important issue in enacting sustainable development is the
pace of solution implementation based on renewable energy sources in indi-
vidual Member States and the Community as a whole. In total, the European
Union countries had, in 2016, a 17% share of renewable energy (an increase
from 10.5% in 2007) in their total energy portfolio. At Member State level,
the RES shares vary widely, ranging from: 53.8% in Sweden and over 30% of
gross final energy consumption in countries such as Finland, Latvia, Den-
mark and Austria, to about 5% in Luxembourg and 6% in Malta and the Neth-
erlands (Eurostat, 2018). One of the indicators illustrating the progress in
developing renewable energy sources is the relationship between the dynam-
ics of Energy consumption and the share of energy from renewable resources
(figure 1). This combination is the most desirable from the point of view of
fulfilling EU energy policy. The analysis includes both EU and non-EU mem-
ber states:

An observed general tendency is a moderate rate of decrease in energy
consumption. Herein, energy consumption has risen only in the cases of Lith-
uania, Bulgaria, Malta and Iceland, whereas Hungary is neutral in terms of
energy consumption and displays a moderate increase in production from
renewable sources. In contrast, Norway and Sweden show a high level of RES
use, combined with a moderate downward trend in energy consumption.
Still, there was no negative dynamics with regard to the share of energy from
renewable resources in any of the examined cases.

The energy and climate package adopted in March 2008 provides a win-
dow into EU energy policy intention. This is commonly referred to as “3x20%”",
and is to be met by Member States by 2020. The package includes a Renewa-
ble Energy Directive that obliges Member States to achieve in the total energy
balance of the European Union, the target of a 20% share that is to be reached
through RES. The Directive establishes a general target in overall Energy
need that is to come about by utilizing RES for individual countries and a
precise way of calculating this, taking as a reference, the share of renewable
energy from 2005. Of interest, 3x20% stipulates that 20% of the mandated
renewable energy is to be produced jointly by the entire Union, but that each
of the Member States has assigned targets. These differ and have been set at
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Share of renewable energy (2010-2015)

Figure 1. Relationship between the dynamics of Energy consumption and the share of
energy from renewable resources in European countries in the years 2010-2015

Source: author's own work based on data from Eurostat, IEA.
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levels that, at the same time, ensure motivation to increase the share of
renewable energy in a given member country and enable the implementation
of the assumed goal. The differentiation is considerable. Herein, Malta is to
reach 10%, and Sweden is to attain a level of as much as 49%. Total targets
for EU 28 are described below. On 30 November 2016, the Commission pub-
lished a proposal for a revised Renewable Energy Directive that is to make the
EU a global leader in renewable energy and which would ensure that a target
of at least 27% renewables in EU’s final energy consumption is to be met by
2030 (European Commission, 2018).
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As previously mentioned, the EU established renewable resource share
targets in the block’s total energy balance. However, the situation in the
Member States regarding the fulfilment of commitments in this area is diver-
sified. In eleven EU countries, renewable energy consumption in 2013 was
below what was expected in their National Renewable Energy Action Plans
- NREAPs (EEA, 2016), while ten have already exceeded their commitments
(Bulgaria, the Czech Republic, Estonia, Croatia, Italy, Lithuania, Romania, Fin-
land, Sweden and Denmark). Moreover, Slovakia, Austria and Hungary are
very close to achieving the set goal at a difference of less than 2%, and a large
group of countries (Slovenia, Portugal, Poland, Malta, Latvia, Cyprus, Spain,
Greece and Germany) are in the range of 2.1 to 5.0%. France still has the most
to do in the field of renewable energy (as much as a 7.8% increase is needed
to reach the target of 23%). Yet, according to IEA data, France is one of the
leading countries when it comes to a low-carbon energy mix. According to
2015 data, only 47% of total energy consumption comes from fossil fuels,
because nuclear energy generation made up 46% of the energy mix and 78%
of overall electricity generation (the highest share worldwide). France has
also witnessed the full decoupling of its energy consumption and carbon
dioxide (CO,) emissions from economic and population growth. In the coun-
try, total energy supply and consumption, as well as CO, emissions from fuel
combustion have declined sharply over the past decade. Indeed, the carbon
intensity of the French economy is half the IEA average and has decreased by
almost 30% below its level in 2004 (versus an IEA average decline of -20%
during the same period) (OECD/IEA, 2017; France, 2016 Review). In con-
trast, the Netherlands, which we associate with bicycles and common sense
and a sustainable approach to the world, has a lot to do in the category of
green energy, because they have to catch up by 8.2% as of 2020, although the
target for the entire country is only 14%. The remaining countries included
in the group that are furthest from achieving the set goals are: Belgium, Lux-
embourg, Ireland and the United Kingdom.

The energy mix of renewable energy sources

The energy mix of renewable energy sources also sees significant diver-
sity. This is strongly conditioned by the local development potential of indi-
vidual RES types (see figure 2 and table 1).
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Figure 2. Energy from renewable sources by media in UE-28, in 2014
Source: author's own work based on GUS, 2016.

Table 1. The structure of renewable energy obtainment according to sources in selected
EU countries in 2014 [%]

Solid Hydropo Liquid Geother

Country Biomass Solar wer Wind  Biogas biofuels  mal Waste
Austria 46,7 27 376 35 31 41 03 19
Czech Rep. 62,9 54 45 1,1 16,6 71 - 23
Finland 80,1 0 14 09 1,0 4,0 - 24
France 433 29 258 71 2,1 12,2 10 5,6
The Netherlands 283 2,1 02 109 69 334 08 17,4
Lithuania 82,2 05 25 40 15 82 01 08
Germany 37 10,3 47 137 20,6 10,0 05 84
Poland 76,6 04 23 82 26 9.2 03 05
Slovakia 52,7 40 25,1 0 6,7 10,2 05 08
Italy 21,7 8,9 213 55 83 26 22,1 136
Total UE 28 438 6,1 16,5 1.1 76 71 32 46

Source: author's own work based on GUS, 2016.
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The most important sources of renewable energy in the EU are solid bio-
fuels. The basic solid biofuel is wood. A separate group consists of fuels from
plantations intended for energy purposes and the organic residues from agri-
culture and horticulture. Three countries with the highest share of solid bio-
fuels in their renewable energy balance are Finland, Lithuania and Poland.
These are the countries in which forest management and the wood industry
play an important role. This solution is associated with many doubts related
to the use of wood for heating purposes and threats to sustainable forest
management (danger of excessive and abusive logging). Meanwhile, forest
ecosystems perform a variety of services and their disporpotionate use leads
to the loss of important social functions. Currently, many studies attempt to
value the forest ecosystem in international, national, regional and local terms
(Haefele, Kramer, Holmes, 1992; Krieger, 2001; Pearce, 2001; Slee, 2005;
European Commission, 2008; Jellesmark et al., 2014; Figueroa, Pasten, 2015;
Binner et al,, 2017; Bosch et al., 2018). These developments address the
problem of forest economic valuation from the economic appraisal of forest-
sourced raw materials, through the assessment of values of individual eco-
system services provided by forested areas, to more detailed analyses related
to, e.g. a particular species or to the insurance value associated with the for-
ests.

Thus, in the subject literature, it is possible to find analyses related to the
forest value and its function for the society (e.g. research on European forest
social values: Lindemann-Matthies et al., 2014; Torkar et al.,, 2014; Meyer,
Schulz, 2017; Getzner, Meyerhoff, Schldpfer, 2018; Gomez, Olschewski, 2008).
Admittedly, Directive 2009/28/EC of the European Parliament and of the
Council of 23 April 2009 on the promotion of the use of energy from renew-
able sources and amending and subsequently repealing Directive 2001/77/
EC and 2003/30/EC as revised by Directive 2013/18 contains sustainability
criteria for biofuels and bioliquids in that it excludes primary forests, pro-
tected areas, and high biodiversity areas from use, but these regulations can
be assessed as insufficient. In this context, objections may also be raised by
possible import plans for this type of raw material from outside the EU (Rus-
sian Federation, Ukraine) (Energy Roadmap, 2050).

Other sources of renewable energy in the EU are hydro and wind energy
- 16.5% and 11.1%, respectively, in 2014, yet the source of energy which is
worth devoting more attention to due to its high potential, is the energy com-
ing from waste. This is particularly important in the context of global condi-
tions related to waste management (reduction in the volume of import of
waste through China from January 2018). Among the EU countries, one of the
highest shares of energy from waste incineration is in the Netherlands.
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The use of soft instruments in policy supporting RES

Increasingly, discerning the contribution of renewable energy in the
structure of production and energy consumption in the EU has become a dif-
ficult and very costly task. This because it requires the use of solutions sup-
porting the increase of this share, which at the same time, lead to a reduction
in the costs of producing renewable energy, and, as a consequence, improve
its competitiveness. Hence, a review and classification of RES support instru-
ments in the EU member states was carried out on the basis of an analysis of
28 reports on progress in the promotion and use of energy from renewable
resources, from member countries to the European Commission for 2015.
Here, soft instruments that shape the attitudes of energy consumers were
particularly emphasized. In this analysis, the member countries were divided
into three main groups:

1. Countries that prefer regulatory instruments - for example: the obli-
gation to purchase specific amounts of energy from RES or to provide prior-
ity in the provision of electricity transmission services from RES in the
national power system, or the issuing of renewable energy certificates and
regulation of access to transmission infrastructure.

2. Countries preferring indirect (economic and financial) instruments
- for example: energy purchase support systems from RES such as guaran-
teed price, green certificates and tenders, subsidies, preferential and low
interest rates loans, fiscal support.

3. Countries expressing preferences for soft/ behavioural instruments
- for example: campaigns raising the level of social awareness, offices, cen-
tres, campaigns, portals, etc. providing information on renewable energy
sources; trainings and courses; advice services; exhibitions and demonstra-
tion projects; good practice guidance.

EU member states that prefer regulatory instruments include Italy, Bul-
garia, Poland, Czech Republic, Romania, Spain, Luxembourg, Cyprus, Greece,
Portugal, Germany and the Slovak Republic. Of note, Spain and Luxembourg
are also characterized by providing a high level of support for soft instru-
ments. Countries that prefer indirect instruments include the Netherlands,
Slovenia, Sweden, Ireland, Denmark, Hungary, Latvia, Lithuania, Austria, Bel-
gium, France, Croatia, Finland, the UK and Estonia. The Netherlands, Sweden,
Ireland, Denmark, Austria, Belgium, France, Finland and Estonia also apply a
high level of soft instruments. Malta is the sole member state that strongly
emphasizes soft/behavioural instruments.

Pro-ecological attitudes are an indispensable element for the develop-
ment and widespread use of renewable energy (GNESD, 2007; Sovacool,
2009; Devine-Wright, 2009; West et al., 2010). The failure to take soft instru-
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ments into account in enhancing the acceptance of renewable energy can
lead to social tensions and protests. A good example is Poland, where the use
of soft instruments was neglected. According to research (Lorek, 2016; Ambi-
ens, 2014; Krzeminski, 2016), currently, the most common reason for envi-
ronmental protests and conflicts are investments related to renewable
energy (biogas plants and wind farms are particularly controversial). In
Ambiens’s report “Social conflicts in wind energy”, easily 90% of all entity-re-
spondents who had invested in wind energy met with the problem of social
conflict. The reason for this is that investors and local governments often
start talking to the local community about construction only when the pro-
test breaks out. A frequent way of proceeding during such consultations is to
idealize such investments and to omit the related risks. This makes such
transmission unbelievable. Residents protest because they are afraid of
changes that they think will decrease public safety and negatively affect their
life-style. Moreover, they lack reliable sources of information.

Conclusions

The policy of support for renewable energy sources in the EU has brought
effects in the form of an increase in the level of their use, and thus the diver-
sification of energy sources used in European countries. This situation is
beneficial for implementing sustainable development. Nevertheless, there
are many challenges to overcome. In some Member States, it is necessary to
significantly accelerate efforts to increase the share of energy from renewa-
ble sources in the total energy balance. Momentous challenges are also met
with in developing new technologies in bringing down costs and enhancing
availability to individual economies (for ex. ocean energy and concentrated
solar power and secondary generation and biofuels). There is also a need to
improve existing green power sources, such as by increasing the size of off-
shore wind turbines and by improving photovoltaic panels. Storage technol-
ogies remain a critical problem. Storage is currently often more expensive
than additional transmission capacity, and Europe needs extra investment in
this kind of infrastructure. In its development plan ending in the year 2050,
the European Commission also attaches great importance to nuclear energy
and the use of biomass - both of which may be rated as controversial (Energy
roadmap to 2050).

In this regard, it is necessary to introduce an upper limit for the use of
biomass to produce energy to a level that will allow its sustainable supply.
The restrictions should cover both domestic and imported biomass, to ensure
that the carbon footprint of the use of bioenergy in the EU is in line with the
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principle of sustainable development. An issue worth rethinking is also the
more rational use of limited wood resources and the abandonment of large-
scale co-firing in conventional power plants. In order to create a coherent
policy of sustainable development in the EU, a necessary action would be to
enable better integration of energy policy in the field of bioenergy with other
Community policies, e.g. to put in place a strategy for biodiversity protection.

In implementing the principles of sustainable development, it is of key
importance to bring about the widest range of social participation and to
fully engage local communities. Admittedly, on the basis of the analysis car-
ried out, in recent years, the growing role of soft instruments has been
noticed. In general, however, these instruments are still undervalued and
should find a wider application. A lack of acceptance and low level of public
involvement in the planned solutions means implementation ineffectiveness.
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Introduction

European Union sets stringent targets for its member states with regard
to reduction of carbon dioxide emissions. The goals set for 2020 and later, for
2050, are a chance for advancing new technologies, but at the same time they
constitute a threat in the form of barriers to economic growth. These objec-
tives firmly encourage the use of renewable energy and lie at the core of the
energy policy of the EU (Directive 2003/87/EC).

Energy policy is closely tied to economic growth. Today’s economies con-
sume increasingly larger amounts of energy coming from both renewable
and non-renewable sources. Since energy consumption hugely affects the
climate, European Union pursues mitigation targets pertaining to climate
protection, energy efficiency and use of renewable energy sources. The EU’s
fundamental document in this respect is the Climate and Energy Package
adopted in 2008. It identified three main targets: reduction of GHG emis-
sions, promotion of the use of energy from renewable sources and improve-
ment in energy efficiency of the EU countries (so called 20-20-20 targets).
This means that member states are obliged to:
¢ reduce CO, emissions (by 20% in 2020 in comparison to 1990),
¢ increase the use of renewable energy (by 20% in 2020 in the EU, by 15%

in Poland),

e improve energy efficiency (in 2020 by 20% in comparison to 2005)

(Directive 2009/28).

The paper aims to analyze cross-country differences in environmental
concern across the EU and changes taking place in this respect. Therefore
answers were sought to the following questions:

o Are the targets realized to a sufficient degree?

¢ Do integration processes promote lessening of differences with regard to
better environment protection and increased use of renewable energy
across the EU?

¢ Does economic growth spur environmental quality and activities?

To address these questions, the ongoing changes were analyzed by trend
analysis, and the forecast for the key indicators was made. Finally, a ranking
of EU countries for the study years was made, based on adopted diagnostic
features and with the use of zero unitarization method.
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Overview of literature

Analysis of a country’s economic development based on GDP only is not
very reliable as it overlooks the human factor and other factors affecting the
kind and scale of changes. Many authors and researchers explore the contro-
versial issue of measuring development. Some researchers rely only on syn-
thetic measures based on GDP (Piotrowski, 2015; Makrosiniska, 2011),
whereas others, seeking more reliable proxy measures, apply diagnostic var-
iables to describe socio-economic changes (Tendera-Wtaszczuk, 2016; Baba,
2016; Majewski, 2017).

Development of indices based on taxonomic methods initiated Becker-
man and Bacon. They proposed the Net Economic Prosperity Index and they
accepted the United States as a model (Beckerman, Bacon, 1966).

An important synthetic development indicator is the Social Development
Index (HDI). It combines the economic sphere with the qualitative aspects of
development.

Governments of all countries try to ensure that economic growth acts as
a driving force for further economic development, the imperative of which
prioritizes production over environment protection. Efforts to balance losses
and gains resulting from economic activities and create ecologically sustain-
able societies took shape in the form of green politics and such theories as
Green Political Theory or environmentalism (Piotrowska, 2008).

The Environment Endangerment Index (EEI) was proposed, which was
based on the degree of afforestation of the country, the percentage of plants
and animals threatened with extinction and the emission of greenhouse
gases. Ramanathan, by adjusting the standard HDI by the EEI value, received
Environment Sensitive HDI (Neumayer, 2004).

A country’s economic development should translate into welfare of its
citizens. To achieve this goal it is necessary that the country uses its natural
resources. In today’s world the natural environment is exploited, sometimes
excessively, and therefore another key target is set by each country - to min-
imize resource consumption in order to preserve resources for future gener-
ations. The theory of sustainable development is one of such attempts seek-
ing to harmonize these two goals (Dobrzanski, 2011).

The main goal of sustainable development is to improve the quality of life
through increasing welfare for the sake of present and future generations.
This goal can be achieved by creating sustainable societies that know how to
use natural resources efficiently and wisely, and how to benefit from
social-ecological innovation. A sustainable society can ensure welfare of the
people, environment protection and social cohesion. Environmental wellness
is a prerequisite for people’s general welfare and wellbeing. And again, to
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fulfill the mission of societal and environmental welfare, economic wellbeing
is necessary, which, however, is not a goal in itself (Gechey, 2005; Kerk, 2016;
Karmowska, 2017).

The system approach to sustainable development is illustrated by the
Venn diagram, which presents sustainable development as the point of inter-
section of the goals assigned to the three connected systems: environmental
(or ecological), economic and social. It shows that an attempt to maximize
the goals of only one system does not ensure balance because it does not take
into account the impact of other systems. Sustainable development can only
be achieved by balancing the tradeoffs among the various goals of the three
systems (Barbier, Burgess, 2017).

Sustainable economic development of the EU countries is a subject of
many academic studies. For the purposes of such analyses various indicators
are constructed that take into account, inter alia, Environmental Wellbeing
(Sustainable Society Index, SSI), environmental performance (Environmen-
tal Performance Index, EPI) or eco-innovation performance (Eco-Innovation
Scoreboard) (Karmowska, Czaja, Jach-Chrzaszcz, 2018). Overview of Indices
of Sustainability or Societal Progress shown in technical report by Saisana
and Philippas. This report addresses the need to go beyond GDP to assess
social progress. Key results on the world landscape of societies’ achievements
confirmed the inverted shaped relationship between Economic and Environ-
mental Wellbeing. The Environmental Wellbeing had a strong and negative
correlation to the Human Wellbeing and to the Economic Wellbeing. Only in
a few countries, Human and Economic well-being go hand in hand, but often
at the expense of environmental well-being (Saisana, Philippas, 2012).

Rational use of renewable energy harvested from wind, sunlight, geo-
thermal sources, river gradients, biomass and landfill biogas is one of the
crucial elements of sustainable development which bring about quantifiable
ecological and energy effects. Increased share of renewable energy in the
overall global fuel-energy balance contributes to improved efficiency in the
use and management of natural resources, and plays an important role in
improving the condition of the environment through reduced air and water
pollution and reduced waste production.

To determine energy intensity of individual countries and regions the
GDP indicator is used (energy intensity of GDP as index of energy conserva-
tion). Yet, one should bear in mind that energy intensity of GDP is not an ideal
measure even when the Purchasing Power Parity (PPP) is taken into account.
However, energy intensity of GDP is not the only available measure of energy
intensity in inter-country comparisons (Efektywno$¢..., 2017). Energy inten-
sity of GDP can be to contain the two concepts of Energy efficiency on the
production system and efficiency on lifestyle. However, their directional
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characters are not necessarily the same. Manufacturing productivity in eco-
nomically developing counties is generally inefficient while their living
standard is lower and energy consumption is smaller. It is impossible to accu-
rately evaluate how advanced a country’s energy conservation is and meas-
ure it against that of other countries, which are different not only in terms of
their economies and welfare level but also in natural social conditions. How-
ever, numerical evaluation or energy conservation levels or potential energy
conservation levels for any country is of interest for international politics
surrounding environmental problems and energy conservation policies
(Suehiro, 2007).

Research methods

The paper seeks to determine whether, and to what extent, economic
growth is accompanied by commitment towards environment and climate
protection on the part of the EU countries. To answer this question basic indi-
cators were analyzed with the use of statistical measures and trend analysis.
Diagnostic variables were standardized by the zero unitarization method.
Finally, a classification of EU member states was constructed.

The paper made use of statistical data from the World Bank, Eurostat and
the Sustainable Society Foundation. The research covered 28 EU member
states (as of 2017) over the 2008-2017 period. Research questions were ana-
lyzed from the static and dynamic perspective.

To find answers to the research questions posed, the following indicators
were used:
¢ Gross Domestic Product (GDP),
¢ Human Development Index (HDI),
¢ Environmental Wellbeing (EnvW),
¢ Renewable Energy (RES) in overall gross energy consumption,
¢ Energy Intensity of GDP (M]/GDP) Greenhouse Gas Emission (GHG).

The indicators served as basis for analysis, evaluation of trends, develop-
ment of forecasts and ranking of countries.

GDP was adopted as a basic measure of economic development. Although
GDP is not a perfect measure of economic changes, it still remains the pri-
mary measure of development, in particular when GDP per capita is applied.

The HDI index contains more information about socio-economic devel-
opment as along with GDP, as it also measures other dimensions of human
development, such as life expectancy and education.

Another indicator, that is Environmental Wellbeing, is concerned with
two dimensions: Natural resources and Climate and energy. The latter takes
into account energy consumption, energy conservation, greenhouse gases
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and renewable energy. Each wellbeing dimension is evaluated separately on
a 10 point numeric scale (from 0 to 10), where 10 stands for highest level of
sustainability. To each variable the same weights were attributed. Geometric
mean of all variables within one category and one wellbeing dimension
allows for an overall evaluation of wellbeing sustainability and ranking of
countries.

The share of renewable energy in final gross energy consumption is yet
another variable, and one that is important in the light of the targets set in
the Climate and Energy Package.

To determine energy efficiency the indicator of energy intensity of GDP
was applied. Energy intensity level of primary energy is the ratio between
energy supply and gross domestic product measured at purchasing power
parity (PPP). It is an indication of how much energy is used to produce one
unit of economic output. Lower ratio indicates that less energy is consumed
to produce one unit of output.

Waste generation, including non-renewable waste, continues to increase
in line with economic growth. This means that the better we manage waste,
the better it is for the environment. Unfortunately, due to incomplete data,
the variable measuring non-renewable waste use could not be included in
the analysis.

Finally, the last variable considered was the Greenhouse Gases Emission
(GHG). Although they are present in small concentrations, they are potent
gases that trap heat effectively, making them high “global warming potential”
gases. Varied inventory of greenhouse gases worldwide and their increasing
concentration can lead to rapid temperature rise. Therefore firm action was
taken to commit state parties to reduce greenhouse gas emissions (United
Nations Framework Convention on Climate Change - Rio de Janeiro, 1992;
Kyoto Protocol, 1997; Wysokinska, 2016).

Basic statistical values were calculated for the aforementioned variables,
as well as trend function for extreme (minimum and maximum) and average
value parameters. Evaluated functions were pursued only if the value of
determination coefficient was high and the structural parameters were sig-
nificant. In case a linear trend was observed, a regression coefficient was
interpreted as a measure of dynamics of medium-term increases/declines.
Moreover, forecasts were made for individual EU countries to check to what
extent the Climate and Exchange Package targets will be achieved in 2020
(Nowak, 2002; Kukuta, 2003).

Artificial variables were computed for selected indicators, which helped
in the grouping of countries and making a ranking. Variables were standard-
ized using the method of zero unitarization (Nowak, 1990; Kukuta, 2000).
The method is a transformation of diagnostic variables of different weights
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that brings their values to the state of comparability since after the method is
applied, variables have no weights. Hence, the method allows for multicrite-
ria evaluation of objects and their comparison with regard to a selected com-
plex phenomenon.

Standardized variables z; were computed according to the formula for
stimulants (formula 1):

X; —min.x; (1)
z; =——————; Maxx; #minx,,
© maxx, —minx; i i
i i

1

and for destimulants (formula 2):

max.x; =X, o (2)
=—1 ———; maxx, #minx;'
maxx, —minx, i ' @

1 1

Zjj

Subsequently, synthetic variables g; their mean values and deviations
were calculated (formulas 3):

0,5
= 1Y | _
qF;ZZ,,; q=;zq,»; S(C]){;Z((]ré]f] (3)
j=1 i=1

Countries were clustered with the use of synthetic aggregate measure

(g):

Group Class interval Development level

I q: 24 +5(q) high

11 q; € <q_, q+ S(q)) above average

111 qg; € <§ -S8(q) 67) below average

v q; <q—-S(q) low

The higher the group, the higher is the level of development of a given
country in comparison to EU mean.

Application of synthetic measures that capture many developmental
aspects is an alternative source of information for partial measures. The use
of partial measures only can limit the overall evaluation of development,
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albeit synthetic measures are problematic in terms of results interpretation
though they allow to group and evaluate changes in the classification of
objects.

Research findings

The most commonly used indicator to measure economic development is
GDP per capita. In the analysis of changes in GDP per capita in the EU mini-
mum, maximum and average value trends were considered (figure 1).
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Figure 1. GDP per capita in EU countries [current prices, euro]
Source: author's own work based on https://ec.europa.eu/eurostat/data/database.

Unfortunately, the above reveals that although trends indicate overall
growth, differences between countries are also growing: economic welfare in
the richest countries (maximum values - regression coefficient equal to
1998) increases eightfold faster than in the poorest countries (minimum val-
ues - regression coefficient equal to 254). In 2008 the variation between the
richest and poorest countries (maximum and minimum values) was ca. 73K
euro, whereas 10 years later it increased by 12,3K euro (ca. 17%).

As mentioned before, GDP per capita is not the best measure of a coun-
try’s economic welfare and economic health. Therefore, to get a wider
socio-economic development, values of HDI - which considers also life expec-
tancy and education - were analyzed. Similarly, maximum, minimum and
mean value trends were analyzed for the EU countries (figure 2).
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Figure 2. HDI index in years 2008-2017 in EU countries

Source: author's own work based on Human Development Indices and Indicators 2018 Statistical
Update UNDP, 2018.
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HDI trends indicate divergence between the EU countries. Countries with
the lowest HDI scores show a 1.5 faster increase in its value (by annual aver-
age of 0.0048) in comparison to the richest countries. These increases are
relatively small, since all EU member states are highly developed and their
HDI score is above 0.77. In the study period, despite the variation coefficient
remaining at the level of ca. 4%, convergence was observed (the gap between
EU countries decreased by ca. 11%). It results from increased availability of
education and improved standard of living which affects life expectancy.

Economic development is tied to increased demand for energy, which has
its consequences for the natural environment. A composite indicator that
takes into account energy consumption is the Sustainable Society Index (SSI).
It captures a country’s stability with regard to three wellbeing dimensions:
people, environment and economy. The three dimensions are evaluated sep-
arately and they are not aggregated into a single value for the overall compos-
ite. Since this paper focuses on renewable energy, only one dimension of SSI
- Environmental Wellbeing was used in the analysis (figure 3).

The Environmental Wellbeing (EnvW) subindex indicates divergence of
EU countries in this regard. Mean value trend reveals an increase in environ-
mental wellbeing, however, in countries with the lowest EnvW score this
dimension shows no significant changes (therefore trend function could not
be calculated). In 2008 the lowest value was scored by Belgium - 2.18, and in
2016 by Estonia - 2.21. The subindex maximum value increased significantly,
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from, respectively, 4.65 to 5.93 (for Croatia in both study years). These are
not satisfactory values when juxtaposed against the maximum score of 10. It
means that European countries still face many challenges in the field of envi-
ronmental protection.
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Figure 3. Environmental Wellbeing in EU countries
Source: author's own work based on Sustainable Society Foundation SSI, 2017.
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Figure 4. Energy Intensity of GDP (MJ/PKB) across the EU
Source: author's own work based on Data World Bank.
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A positive phenomenon observed in the study period was the persistent
decreasing trend in energy intensity of GDP across the EU. The mean and
lowest values of this tendency are described by linear trends, whereas for the
highest values - by a quadratic trend (figure 4).

The annual average energy intensity showed a decline of ca. 0,1 M]/PKB
and decreased by ca.16% compared to 2008. The biggest decline, of ca. 30%,
occurred in the most energy efficient countries (annual average of 0.13 M]/
GDP). Ireland turned out to be most energy efficient, as in 2008 its energy
intensity indicator was 2.88 M]/GDP and the 2016 indicator showed a decline
by ca.30%. Bulgaria scored at the other extreme with energy efficiency of ca.
7 MJ/GDP in 2008 and 6 M]/GDP in 2016 (decline by 12%). Despite changes
taking place over the study period, variation between the EU countries in
terms of energy intensity remained at roughly the same level, that is ca. 28%.

In 2016, compared to 2008, 10 countries increased their energy effi-
ciency by over 20%, which means that they have achieved the target set forth
in the climate and energy package. The trend analysis shows that not all
countries will be able to reach this threshold by 2020. Assuming a ca.1,8%
annual average increase in energy efficiency, 7 countries will not be capable
of reaching the 20% target within just 4 years. This means that there will be
10 countries that will fail to meet the 20% reduction target.

Renewable Energy Sources (RES) have an increasingly more important
role for fulfilling energy demand. RES harvests energy from wind, sunlight,
geothermal sources, river gradients, marine waves and currents, biomass
and landfill biogas, as well as biogas generated from sewage sludge disposal
and treatment, or decomposition of organic matter.

Application and development of RES is one of the key focuses of EU
Energy Policy 2030. Such current energy policy agenda is driven by the car-
bon dioxide reduction targets adopted by the European Union. The targets
set until the year 2020, and in fact until 2050, are also an opportunity to fos-
ter new technologies.

Across the EU a systematic increase in the share of renewable energy in
final energy consumption was observed (figure 5).

In the 2008-2017 period, the share of RES showed an average annual
increase of ca. 0.8%. The lowest values demonstrated a similar increase. The
most dynamic increase of ca.1,01% was shown by the highest values. This
confirms that the range in the share of RES is becoming even wider, that is
from 45 pp. to 48 pp. Pursuant to the EU Directives, each member state
should reach the 20% renewable energy target in 2020. In 2008 only 7 states
met that threshold, and in 2012 it was 11 states, and that number did not
change in 2017. As the forecast based on linear trends for individual coun-
tries reveals, still 11 EU states will meet this target in 2020 (figure 6).
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Figure 5. Share of renewable energy in gross final energy consumption in the EU
Source: author's own work.
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Figure 6. Share of renewable energy in gross final energy consumption in EU countries
Source: author's own work based on Eurostat.

Malta registered the lowest levels of energy generation from green
sources both in 2008 (0,2%) and 2017, despite the increase to 7%. Con-
versely, in Sweden the share of clean energy sources in 2008 was 45.2% and
had increased by 9,3 pp by 2017.In 2008 only 7 countries exceeded the 20%
renewable energy target (Austria, Croatia, Finland, Latvia, Portugal, Roma-
nia, Sweden). They were joined by Croatia, Denmark, Estonia, Lithuania i Slo-
venia in 2017.
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On average, the share of RES in final energy consumption increased by
6.7 pp in 2017. The Netherlands and Poland demonstrated the smallest
increase, ca. 3 pp respectively, whereas the biggest increase (of 17.2 pp)
occurred in Denmark.

Naturally, all endeavors aimed at improving energy efficiency and
increasing renewable energy production should imply reduced greenhouse
gas emission. In the study period average CO, emission across the EU declined
by ca. 3 mln tons, that is an annual average of ca.2%. If this trend continues
until 2020, most of the EU states will be likely to meet the targets of the Cli-
mate and Energy Package. However, such a conclusion based o average val-
ues does not translate into trends in individual countries. Geometrical mean
for respective countries shows a decline of 1 to 3 pp., which means that 15
countries have not met the 20% reduction target, and 5 of them have not met
even the 10% target (Bulgaria, Estonia, Germany, Netherlands, Poland). Ger-
many is the biggest emitter of greenhouse gases in Europe. In 2008 Germany
emitted ca. 780 mln tons of CO, (CO, equivalent is a metric measure used to
compare emissions), and the emission was reduced by merely 7% by 2016.
Malta emitted the least CO, and reduced the emission by 37% (down to 1,8
mln tons) in 2015 as compared to 2008. Besides Germany, only Poland, Neth-
erlands and Bulgaria succeeded in bringing CO, emission down to less than
10%. On the other hand, compared to 2008, 11 EU states reduced CO, emis-
sion, though they still exceeded the 20% target. Although the volume of CO,
emission is related to, inter alia, the size of a country and its level of industri-
alization, the reduction level is definitely the result of preventive measures
undertaken by governments.
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Figure 7. Greenhouse Gas Emission per GDP in the EU [thousand tons CO, /GDP]
Source: author's own work based on Eurostat.



EKONOMIA | SRODOWISKO 2 (69) + 2019 Environmental policy and management

11

Therefore, to provide a more reliable comparison of countries with dif-
ferent GDP levels, an indicator of GHG emissions per GDP expressed in CO,
equivalent was proposed (figure 7).

These trends reveal a declining trend in GHG emissions, to be exact, by
average annual of 12.5 tons CO, in the study period. It is reassuring that the
countries with high GHG emission reduce it more and more effectively, as
captured by the quadratic trend. As it comes to countries with the lowest
GHG emissions per GDP, a decreasing trend was also found (regression coef-
ficient of -0,0001).

Hungary, Sweden, Denmark and the Czechia had the lowest GHG emis-
sion per GDP levels (below 0.03 CO,/GDP) in the 2008-2016 period. Compar-
ison 0of 2008 and 2016 gas emissions per GDP reveals a 30% decline on aver-
age. It was Malta that achieved the biggest reduction of ca. 70%, whereas
Greece, with only 13% reduction, fell at the opposite end of the spectrum.
Trend function was used to make a forecast for the year 2020 for EU coun-
tries (figure 8).
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Figure 8. GHG emission per GDP across the EU countries
Source: author's own work based on Eurostat.

Assuming that the declining trend in GHG emission per GDP continues, in
2020 we can expect a ca. 35% decrease in that indicator as compared to 2008.
After the variability of potential diagnostics features was analyzed and
their correlation asserted for the sake of constructing an artificial variable
that took into account both the economic and environmental welfare, 4 vari-
ables were adopted, including 2 stimulants: GDP per capita, share of RES in
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gross energy consumption and 2 destimulants: gas emission per GDP and
energy intensity of GDP. The variables were used to create a ranking of EU
states in the years 2008 and 2016 (table 1).

Table 1. Ranking of EU member states

Ranking
Countries
2008 2016

Austria 3 5
Belgium 21 21
Bulgaria 28 28
Croatia 7 7
Cyprus 19 20
Czechia 23 24
Denmark 2 1
Estonia 27 27
Finland 13 16
France 11 14
Germany 14 13
Greece 17 23
Hungary 18 18
Ireland 5 4
[taly 8 8
Latvia 9 6
Lithuania 24 17
Luxembourg 4 3
Malta 20 11
Netherlands 12 19
Poland 25 22
Portugal 6 9
Romania 15 10
Slovak Republic 26 26
Slovenia 22 25
Spain 10 15
Sweden 1 2
United Kingdom 16 12

Source: author's own work.
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In both study years Denmark and Sweden came at the top of the ranking,
followed by Austria, Ireland and Luxembourg. Conversely, Bulgaria, Estonia
and Slovakia came at the bottom of the ranking persistently scoring the last
positions (26-28). The biggest positive change was recorded for Malta which
advanced from the 20th position in 2008 to 11th position in 2016, followed
by Lithuania which jumped from the 24th place to 17th. Conversely, Greece
fell from 17th to 23rd place and the Netherlands from 12th to 19th position
in the ranking.

A classification made on the basis of research findings identifies 16 coun-
tries in 2008 and 17 countries in 2016 that most successfully reconciled eco-
nomic development with environment protection most successfully (above
average) (table 2).

Table 2. Grouping of EU countries according to artificial variable

Clases  Countries in 2008 Countries in 2016

1 Austria, Denmark, Luxemburg, Sweden Austria, Denmark, Ireland, Luxemburg, Sweden
Croatia, Finland, France, Germany, Ireland,  Croatia, Cyprus, Finland, France, Germany, Italy,

2 Italy, Latvia, Netherland, Portugal, Romania, Latvia, Malta, Portugal, Romania, Spain,
Spain, United Kingdom United Kingdom

3 Belgium, Cyprus, Czechia, Greece, Hungary,  Belgium, Greece, Hungary, Lithuania, Netherlands,
Lithuania, Malta, Poland, Slovenia Poland, Slovenia

4 Bulgaria, Estonia, Slovakia Bulgaria, Czechia, Estonia, Slovakia

Source: author's own work.

Conclusions

Global challenges such as climate change, energy security and natural
resource depletion require urgent actions aimed at improving Environmen-
tal Wellbeing, with focus on, in particular, renewable energy (RHS), GHG
emissions and energy efficiency.

A systematic increase of clean energy in gross final energy production
and consumption was observed in the EU. The RES share grew by an annual
average of ca. 0,8% in the 2008-2016 period. The forecast made by the author
projects that only 14 states will reach the 20% renewable energy target in
2020.

Yet another positive phenomenon observed is the decline in energy
intensity of GDP. Energy intensity showed an average annual drop of ca.
0.1 MJ/GDP and decreased, as compared to 2008, by 16%. However, trend
analysis revealed that not all of the EU states will be able to meet the 20%
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reduction target by 2020. It is highly likely that this target will not be reached
by 10 EU states.

Actions aimed at improved energy efficiency and increased green energy
consumption should translate into reduced greenhouse gas emission. The
average annual decline in CO, emission across the EU was ca. 3 mln tons
which comes up to ca. 2%.

To measure GHG emission intensity an indicator of CO, emission per unit
of GDP was introduced. In the author’s opinion when comparing countries
this indicator is more reliable, which is also true for energy intensity of GDP.
Comparison of GHG emission to GDP in 2008 and 2015 shows that the indi-
cator declined by 30%.

Ranking of EU states by economic development and implementation of
the Climate and Energy Package targets allowed the author to identify lead-
ers (class 1) and outsiders (class 4). Comparison of 2008 and 2016 demon-
strates that in both years Austria, Denmark, Luxembourg and Sweden were
the most efficient in reconciling economic development with environmental
welfare, and the group was joined by Ireland in 2016. Conversely, Bulgaria,
Estonia and Slovakia fell at the other end of the spectrum as least sustainable
economically and ecologically.
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Introduction

One of the most important factors determining the quality and length of
human life is the condition of the natural environment in which a human
lives. The air we breathe is especially important. In Poland, it has been known
for several decades that air quality is low, which is mainly due to the promo-
tion of electricity and heat production based on coal. Although, of course,
there is a connection between coal combustion and emissions of harmful
substances into the air, in Poland the particularly negative impact on air qual-
ity is notrelated to the functioning of the professional power sector, equipped
with various installations filtering out pollutants, but to households and
transport. The emission of pollutants to the altitude of 40 m is a serious prob-
lem particularly in cities and small towns, where it generates significant
threats to the health and life of citizens. The main aim of research was to find
an answer to the research question: What is the role of socio-political factors
in the fight for clean air in Poland? In order to answer this question, in the
article information available on the official websites of 35 Polish cities
belonging to 50 European Union (EU) cities with the highest level of air pol-
lution with PM 2.5 and in Public Information Bulletin were analyzed. The
following information was taken into account: Adoption of the Low-Emission
Economy Plans (LEEPs) and their timeliness, implementation of the Low-Al-
titude Emission Reduction Programs (LAERPs), linking these documents
with air protection plans/programs for voivodships and the country. The
article presents the literature, law, standards of air quality, and statistical
data on the impact of air pollution on health in Poland, with particular
emphasis on places with the highest violation of emission standards.

An overview of the literature

For many years, the influence of air quality on health has been mainly the
subject of research carried out by specialists of medicine and environmental
health (Hajat et al., 2016; Grimm et al,, 2008, p. 756-760). Due to the rising
costs of treatment and high mortality for diseases directly or indirectly
related to breathing contaminated air, it is now also interesting for econo-
mists. World Health Organization estimates that around 1 in 8 deaths were
attributed to exposure to air pollution, making it the largest environmental
risk factor for ill health. In 2016, the percentage of outdoor air pollution-re-
lated premature deaths was as follows (https://www.who.int/news-room/
fact-sheets/detail /ambient-(outdoor)-air-quality-and-health):
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e ischemic heart disease and strokes - 58%,
e chronic obstructive pulmonary disease and acute lower respiratory

infections — 18%,
¢ lung cancer - 6%.

In accordance with the published in 2005 WHO Air quality guidelines by
reducing particulate matter (PM10) pollution from 70 to 20 pug/m3, air pollu-
tion-related deaths can be cut by around 15% (WHO, 2005). The main air
pollutants that pose a risk to human health are nitrogen oxides (NO,), par-
ticulate matter PM2.5 and PM10, tropospheric (ground-level) ozone (0;) and
Sulphur dioxide (SO,). PM affects more people than any other pollutant. The
major components of PM are sulfates, nitrates, ammonia, sodium chloride,
black carbon, mineral dust, and water. It consists of a complex mixture of
solid and liquid particles of organic and inorganic substances suspended in
the air. Exposure to PM2.5 and PM10 is associated with mortality from car-
diovascular and respiratory diseases and from lung cancer, as well as respira-
tory and cardiovascular morbidity, such as aggravation of asthma, and respi-
ratory symptoms (WHO, 2005). In the EU countries, commercial, institutional
and household fuel-burning is the main source of primary (i.e. directly
released) PM10 (43%) and PM2.5 (58%). This is followed by industry and
then transport, which both emit less than half the total PM of fuel-burning
(EEA, 2015). However, secondary particles (i.e., those that are formed in the
air through chemical reactions of gaseous pollutants), originating from agri-
culture, energy, transport or industry sectors, make up a significant propor-
tion of total PM. Secondary particles are the largest relative contribution to
PM in Europe, even in urban areas (Science for Environment Policy, 2016;
Lelieveld et al.,, 2015).

Much attention is devoted to research of the economic costs of air pollu-
tion. The market costs of air pollution include reduced labor productivity,
additional health expenditure, and crop and forest yield losses. The Organ-
isation for Economic Co-operation and Development (OECD) projects that
these costs will increase to about 2% of European gross domestic product
(GDP) in 2060 (OECD, 2016), leading to a reduction in capital accumulation
and a slowdown in economic growth. Non-market costs are those associated
with increased mortality and morbidity (illness causing, for example, pain
and suffering), degradation of air, soil and water quality and consequently
the health of ecosystems, as well as climate change. The economic cost of
premature deaths from ambient particulate matter pollution and household
air pollution was estimated to amount to US$ 1.5 trillion in the European
Union in 2010 (WHO Regional Office for Europe&OECD, 2015).In 2015, more
than 80% of the total costs (market and non-market) of outdoor air pollution
in Europe were related to mortality, while market costs were less than 10%
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(OECD, 2016). It was estimated that the total costs for the OECD region
amount to USD 1 280 (around EUR 1 100) per capita for 2015 and USD 2 880
to USD 2 950 (around EUR 2 480 to 2 540) per capita for 2060, correspond-
ing to about 5% of income in both 2015 and 2060. The non-market costs of
outdoor air pollution amount to USD 1 200 (around EUR 1 030) per capita in
2015 and are projected to increase to USD 2610-2680 (around EUR 2 250 -
2310) in 2060 in the OECD region (EEA, 2018). Air pollution continues to be
the number one environmental cause of early death in the EU, with estimates
of more than 400,000 premature deaths per year (EEA, 2017). This all comes
at a high price to society with high external health - related costs estimated
in the range of EUR 330-940 billion per year (Impact Assessment, 2013) Air
quality has improved in the EU over the last decades, thanks to joint efforts
undertaken by the EU and the national, regional and local authorities. As a
result, since 2000, the EU’s GDP grew by 32%, while emissions of the main
air pollutants decreased by 10% to 70% depending on the pollutant (EEA,
2017).

For example, an estimate for Denmark shows that, the potential health-
care system savings from reducing ambient air pollution (PM2.5) and the
resulting cost reductions for coronary heart disease, stroke, chronic obstruc-
tive pulmonary disease and lung cancer can reach up 0.1-2.6 million EUR per
100 000 people (Seetterstrgm et al., 2012). The productivity costs from no
longer being in the labor market due to these four diseases from exposure to
PMZ2.5 was estimated at 1.8 million EUR per 100 000 people aged 50-70
(Kruse et al., 2012).

For Poland estimations were published by Health and Environment Alli-
ance (HEAL). Pollution from the coal energy sector causes about 3,500 pre-
mature deaths and almost 800,000 lost work days. In the case of Poland,
these costs amount to PLN 34.32 billion (EUR 8.2 billion) per year (HEAL,
2013).

In its official report the Polish National Health Fund published that in
2017, the number of deaths amounted to 405.6 thousand (based on data
from the Central List of Insured) and increased by 3.77% compared to 2016.
The results of the analysis indicate that the increase in 2017 mainly con-
cerned the months of January and February. In January, the number of deaths
increased by as much as 23.5% compared to January of the previous year.
Analysis of the average PM10 dust in the air for Poland in January 2017 was
at a record level. In January 2017 the lowest average air temperature was
recorded compared to the corresponding periods of last years. In addition, in
January there was the peak of influenza (4naliza..., 2018).
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Research methods

The research was conducted in the second half of 2018 with the aim of
determining what actions had been taken during the previous five years in 35
Polish cities from the list of the 50 most polluted EU cities to improve the
quality of ambient air. Air quality was reported in terms of annual mean con-
centrations of PM2.5 in micrograms per cubic meter (https://www.who.int/
phe/health_topics/outdoorair/databases/). To answer the research ques-
tion the following information was analyzed: EU and Polish law, international
and Polish standards of air quality, and statistical data on the impact of air
pollution on health in Poland, with particular emphasis on places with the
highest violation of emission standards, information available on the official
websites of the 35 Polish cities with the highest level of air pollution with PM
2.5 and in Public Information Bulletin. Particularly was taken into account:
Adoption of low-emission economy plans (LEEPs) and their timeliness,
implementation of the Low-Altitude Emission Reduction Programs (LAERPs),
linking these documents with air protection plans/ programs for voivodships
and the country.

Legal context of air protection in EU and in Poland

The EU’s clean air policy has been developed for many years. Now it
based on many documents, the most important of which are:

1. Directive CAFE (Clean Air For Europe) 2008/50/EC on ambient air qual-
ity and cleaner air for Europe including the merging of most of existing
legislation into a single directive (except for the Fourth Daughter Direc-
tive) with no change to existing air quality objectives.

2. Directive 2004/107/EC relating to arsenic, cadmium, mercury, nickel
and polycyclic aromatic hydrocarbons in ambient air (Fourth Daughter
Directive).

3. Directive 2015/1480/EC amending several annexes to Directives
2004/107/EC and 2008/50/EC laying down the rules concerning refer-
ence methods, data validation and location of sampling points for the
assessment of ambient air quality.

4. National Emissions Ceilings (NEC) Directive (2016/2284/EU) on the
reduction of national emissions of certain atmospheric pollutants.
National emission reduction targets established in the NEC Directive
requiring Member States to develop National Air Pollution Control Pro-
grammes by 2019 in order to comply with their emission reduction com-
mitments.
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5. The Seventh Environment Action Programme, Living well, within the lim-
its of our planet with the long-term goal within the EU to achieve “levels
of air quality that do not give rise to significant negative impacts on, and
risks to, human health and the environment”. In line with the principle of
subsidiarity, policies must be developed at national, regional and local
levels, implementing measures tailored to specific needs and circum-
stances.

6. The Clean Air Programme for Europe (CAPE), published by the European
Commission in 2013, aims to ensure full compliance with existing legisla-
tion by 2020 at the latest, and to further improve Europe’s air quality, so
that by 2030 the number of premature deaths is reduced by half when
compared with 2005.

In Poland among the most important documents related to air pollution
reduction are:

1. The Principles of the National Program for the Development of Low-
Emission Economy, adopted by the Council of Ministers (Ministry of
Economy, 2011).

2. Low-Emission Economy Plans, adopted as an independent decision of
local government units, being a key factor of applying for EU funds in
financial perspective 2014-2020.

3. National Air Protection Program (Ministry of Environment, 2015).

The amendment of the Environmental Protection Law specifies the cur-
rent regulations so that voivodship parliaments with resolutions can deter-
mine the type and quality of solid fuels authorized for use and technical
parameters or emission parameters of combustion devices.

The most recent decision of the Polish government was to adopt the Pri-
ority Program Clean Air financed by the National Fund for Environmental
Protection and Water Management. It is addressed to owners or co-owners
of single-family houses. It will be implemented over a period of 10 years, i.e.,
in the years 2018 to 2029. The total funds provided for co-financing projects
covered by the program are PLN 103 billion, of which PLN 63.3 billion in
grant financing and PLN 39.7 billion in the form of repayable loans. The pro-
gram will be financed from national resources and EU funds. The overall goal
of the program is to improve energy efficiency and reduce the emission of
dust and other pollutants from single-family residential buildings through
thorough thermal modernization of buildings with the simultaneous replace-
ment of heat sources (https://www.nfosigw.gov.pl/czyste-powietrze/).

But not all decisions of the Polish government are conducive to the fight
for clean air. For example, the Renewable Energy Sources Act implementing
the Directive 2009/28/EC on the promotion of the use of energy from renew-
able sources was adopted in 2015 with a five-year delay and then quickly



82 Environmental policy and management EKONOMIA | SRODOWISKO 2 (69) * 2019

revised. In 2016 the government introduced unfavorable changes to regula-
tions particularly hampering the development of wind energy (The Act...,
2016.) The “Wind Farm Act” introduced location restrictions for wind power
plants in Poland by imposing a requirement for minimum distance (setback)
from settlements and other facilities, significantly changing the previous
legal framework and conditions for implementation of investment projects.
The act introduced a legally binding provision setting the minimum distance
for wind turbines from specific types of facilities, equal to ten times the total
turbine height (including the rotor blade in top position - tip height) - the
so-called 10H rule. Research into the location possibilities of wind turbines
in Poland shows that with the existing restrictions and the principle of a
minimum one km distance from buildings, 93.9% of the country’s area is
excluded from investments in wind energy, while with a limit of a two km
distance up to 99.1% (The State of Wind Energy, 2017). The development of
the best non-emission energy source in Poland has been stopped.

In many EU cities air quality standards are still not being met. The situa-
tion is especially severe in Polish cities, which constitute the overwhelming
majority of 50 EU cities with the highest of PM 2.5 pg/m3index.

Air pollution in Polish cities — selected facts and statistic data

According to estimates and analysis carried out by the Silesian Center for
Heart Diseases in Zabrze on days, when there is a significantly high level of
particulate matter PM10 contamination, the total number of deaths increases
by 6%, and the number of brain strokes by as much as 9%. Mortality rates
rise within a dozen or so days of the smog episode.

According to HEAL Poland (2013), smog accounts for approximately:
25% of lung cancer cases in Krakow, 22% in Nowy Sacz, 21% in Katowice,
20% in Bielsko-Biata, and 17% in Wroctaw.

In Poland, the main problem involves emission of products of combustion
of solid, liquid and gaseous fuels into the atmosphere from emission sources
(emitters) located at a height of no more than 40 m. A characteristic feature
of these emissions is that it is caused by numerous sources introducing small
amounts of pollutants into the air. Emission comes from: heat production for
central heating and hot water, transport, and industry (small and medium
size enterprises). Main causes of emission near the ground are:
¢ heating houses with poor quality fuels (coal and damp wood),

e no standards for fuels used in households,
¢ burning garbage, including plastic, old furniture, clothes and shoes, tires,
and old railway wooden sleepers etc.,
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¢ use of outdated masonry heaters in numerous private houses and indus-
trial heating systems, which do not meet technical standards anymore,
and in which the combustion of coal takes place in an inefficient way,

¢ inadequate insulation of houses and loss of energy in the heating process,

¢ transport emission, caused by the removal of particulate filters (the Die-
sel Particulate Filter) from cars’ exhaustion systems,

¢ low and even declining popularity of renewable energy sources,

o fires of landfills (over 70 in the first half of 2018) most often caused by
arsons, (seldom by self-ignition).

Apart from typical combustion products (CO,, CO, SO,, NOy, PM10, PM2.5)
emissions from all mentioned sources contain:

e polycyclic aromatic hydrocarbons, e.g. benzo (a) pyrene and dioxins,
¢ heavy metals (lead, arsenic, nickel, cadmium, mercury, bismuth).

Some of these substances are detrimental to health irrespective of their
concentration in the air, because of their toxicity and the ability to accumu-
late in organisms over time.

In addition, it is important to note the differences in emission standards
according to WHO, EU and Polish regulations (table 1).

Table 1. Air quality standards for the protection of health (PM10 and PM2.5)

PM WHO EU PL
PM10 50 pg/m324-hour mean  Limit value: 50 ug/m? 50 pg/m?3 24-hour mean-acceptable
24-hour mean. threshold,
Not to be exceeded on more 200 pg/m?24-hour mean-information
than threshold,
35 days per year 300 pg/m324-hour mean-alert
threshold.

20 pg/m? annual mean Limit value: 40 yg/m3annual  An undefined standard
mean

PM2.5 25 pg/m?® 24-hour mean  Limit value: 25 pg/m3annual  An undefined standard
mean

10 pg/m?3 24-hour mean An undefined standard

Source; WHO, 2005; EU Ambient Air Quality Directive 2008/50/EC; http://www.gios.gov.pl/pl/aktual-
nosci/294-normy-dla-pylow-drobnych-w-Polsce.

PM is a common proxy indicator for air pollution, therefore air quality
measurements are typically reported in terms of daily or annual mean con-
centrations of PM10 in terms of micrograms per cubic meter (pg/m3). Report-
ing concentration of PM2.5 or smaller, particularly harmful to health, requires
more sensitive measurement tools. In accordance with the government
agency - the Chief Inspectorate for Environmental Protection - Polish PM10
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and PM2.5 standards still differ from EU and WHO standards, as if Poles were
different from other nations.

Results of the research

The data from official websites of city offices and from Public Informa-
tion Bulletin (online) are presented in table 2. The cities are located in 8
voivodeships: Silesian Voivodeship (12 cites), Lesser Poland (7), L6dz (7),
Greater Poland (3), Masovian (2), Lower Silesian (1), Kuyavian-Pomeranian
(1), and Podkarpackie (1). A total of over 2,860,000 people live in the cities
included in the study. The situation in particular cities is diverse due to their
size and location. In all cases exceeding the permissible pollution limits is an
everyday occurrence in the heating season but in some cases, incidentally
black spots were noticed (e.g,, in Rybnik on January 10, 2017, the limit was
exceeded by 3170%). In all cities in 2014-2016 were adopted Low-Emission
Economy Plans (LEEPs) for period up to 2020. The development of plans was
financed from the EU funds available under the Infrastructure and Environ-
ment Program. The scope of involvement in activities to improve air quality
is very diverse among the cities studied. Krakow is definitely the leader, the
largest city with population over 765 thousands, which has been pursuing a
comprehensive anti-smog program for several years. Krakow was also the
first Polish city where in response to air pollution a social movement Polish
smog alert was founded. The slogan: “We decided to take matters into our
own hands and start awareness-raising activities among the residents.”
describes the main field of activity of this group. Replacing old coal stoves
with environmentally friendly heaters is a one of the most important and the
most difficult to implement and expensive tasks. In Krakow, in the first year
of the local anti-smog program, financial subsidies accounted for 100% of the
cost of replacing old heaters, in the second year - 80%, now - 60%, but the
poorest households can still receive 100% reimbursement. The interest in
replacing the heaters in 2014 exceeded the financial limits of the program
(https://smoglab.pl/sukcesy-porazki-krakowskiej-walki-ze-smogiem/). The
poorest households can obtain other heating subsidies. In 2017, the income
threshold for a single-person household was PLN 1268 per month and PLN
1068 for a multi-person household. Two thousands households benefited
from such aid. The total support amounted to PLN 2 million (EUR 454,500)
which gives an average PLN 1000 per household. The influence of the educa-
tional campaign is clear. The problem of burning rubbish in heaters, and
leaves and other waste from gardens in open fires has also been reduced. The
latter are picked up from households in special bags free of charge. In the



EKONOMIA | SRODOWISKO 2 (69) « 2019 Environmental policy and management 85

days with the special intensity of smog, public transport is free for those who
leave their cars on parking places and in garages. Over half of the coal stoves
inventoried in 2013 have been removed. This is undoubtedly success on a
national scale. It is not known whether all old heaters will be eliminated. In
the last two years of the plan, several thousand heaters are still waiting to be
removed. It should be mentioned that activities undertaken in Krakow are
not enough due to the situation in neighboring municipalities where anti-
smog investment and education are not equally intense.

Table 2. Measures undertaken in the Polish cities with the highest PM2.5 emission level

Popula-
Cit Voivodeshi iz Measures undertaken
y P thou-
sands
- LEEP 2016 updated 2018, educational anti-smog network
! Opoczno t0dz 216 in cooperation with Polish Smog Alert
9 Fywiec Silesian 395 LEEP 2Q1 5, information on air condition on the website
of the city office
3 Rybnik Silesian 137.0 LEEP 2015
A Pszczyna Silesian 259 LEEP 2016, LAERP 2017 Notification of exceedances

of PM10 on the website of the city office

5 Krakow Lesser 7653 LEEP 2015, updated 2018
Poland
6 NowaRuda OV 230 LEEP2016
Silesian
7 NowySgez oSS 84.0 LEEP 2015 monitoring PM 10, PM2.5
Poland
8 Proszowice Lesser 6.1 LEEP 2015
Poland
9 Goddw Silesian 12.5 LEEP 2015 - out-of-date, monitoring
10 \{\Iodz.|s+aw Silesian 194 LEEP 2015, updated 2017 monitoring, educational
Slaski activities
11 Pleszew Creater 175 LEEP2015
Poland
12 Bielsko Biata Silesian 170.4 LEEP and SEAP 2015, updated 2016
13 Sucha Beskid- ~ Lesser 9.4 LEEP 2015, information on the voivodeship website
zka Poland
14 Rawa Mazow- L6ds 176 LEEP 2017, LAERP information air condition on the

iecka website of the city office

Podkar-

: 38.9 LEEP 2015
packie

15 Jarostaw
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Popula-
Cit Voivodeshi e Measures undertaken
y P thou-
sands
16 Sosnowiec Silesian 2045 LEEP 201 5,.|nformat|on on air condition on: http://www.
katowice.wios.gov.pl/
17 Knurow Silesian 394 [I_)EEP 2015, information on http://www.katowice.pios.gov.
18 Zabrze Silesian 173.7 LEEP 2015, updated 2016, LAERP
19 Radomsko todz 464 LEEP 2016
20 Iﬂomaszow. tédi 638  LEEP 2015, updated 2016 and 2018
azowiecki
2 Nakto nad Kuyavian- 187 LEEP 2015, updated 2016, monitoring PM 10, PM 2.5,
Notecia Pomeranian ) Program KAWKA, educational campaign
22 Niepolomice &€ 120 LEEP2015
Poland
gy PlotkOw ey 716 LEEP2015
Trybunalski
24 Gliwice Silesian 1813 LEEP 2015 Target subsidies for furnace replacement
Dabrowa Lo SEAP 2012, LEEP 2016, Information about PM 10, PM 2.5
25 - Silesian 1214 . .
Gomicza on the website of city office
26 ZdunskaWola  todZ 423 LEEP 2016, LAERP |, I
27 Wadowice Lesser 19.1 LEEP 2015 updated 2017, LAERP | 11 i
Poland
LEEP 2016, LAERP 2011, updated 2014
28  Otwock Masovian 45.0 Information about PM 10, PM 2.5 on the website of city
office
. Greater
29 Nowy Tomys! Poland 15.2 LEEP 2015
30  Brzeziny todz 12.5 LEEP 2016, updated 2017, LAERP 2017
31 Piastéw Masovian 228 LEEP 2016, Info na stronie www UM
32 Myszkéw Silesian 328 LEEP 2015, LAERP I, Ii
. Greater
33 Wagrowiec Poland 25.6 LEEP 2015
34 Katowice Silesian 3024 LEEP 2014, updated 2015 and 2018
35 Tuchow Lesser 6.7 LEEP 2016, updated 2017
Poland

LEEP - Low-Emission Economy Plan; LAERP — Low-Altitude Emission Reduction Program; SEAP — Sustainable
Energy Action Plan

Source: official websites of city offices and Public Information Bulletin (online).



EKONOMIA | SRODOWISKO 2 (69) + 2019 Environmental policy and management

8/

The analysis of Low-Emission Economy Plans of all cities identified the
most frequently chosen goals:
¢ increased efficiency of energy use and generation in facilities and infra-

structure,
¢ increased use of renewable energy,

o effective management of the city with its orientation towards the use of
low-emission solutions,

¢ education and building ecological awareness of citizens leading to respect
for energy by society,

¢ development of financial support for residents exchanging old heaters
for more effective,

¢ development of air monitoring in cites,

¢ introduction of household heater control and penalties for burning gar-
bage,

* the development of low-carbon public, and private transport (develop-
ment of infrastructure, management, and change of transport patterns).

It is worth emphasizing, that local self-governments are supported by
voivodship self-governments (voivodship parliaments), which have adopted
Air Protection Programs. The voivodship environmental protection inspec-
torates should also be applauded for making up-to-date measurements of
pollutant emissions available on their websites.

The Low-Altitude Emission Reduction Programs (LAERPs) are executive
programs of Environmental Protection Programs, whose adoption is the
responsibility of communes and poviats. Investments under LAERP are
financed in the form of a subsidy paid by the commune office. An investor
(i.e., aresident of a municipality) eligible for the Program, bears only a part of
the costs related to the replacement of old heaters and /or the installation of
devices using renewable energy sources. The amount of co-financing depends
on the conditions imposed by the Voivodship Funds of Environmental Pro-
tection and Water Management. Some cities are also involved in the Covenant
of Mayors activities for Sustainable Energy Action Plan (SEAP), which is ori-
ented on climate protection. Access to information about anti-smog actions
on the official websites of cities is very diverse, which may make it difficult
for residents to obtain subsidies.

Conclusions
Air pollution in Poland is a serious economic and health problem. In

recent years an increase in public awareness of health threats resulting from
breathing poor quality air has been observed. This is especially true for large
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cities. However, terrible air quality especially in the heating season is also
a problem in many small and medium-sized cities, 35 of which are among the
50 most polluted EU cities. Air quality became an important topic of discus-
sion at local level during the elections of local authorities. It results in the
development of local social movements for better quality air and adoption of
Low Emission Plans by local authorities. Some local self-governments are
very successful in gaining financial resources for improvement of energy effi-
ciency, replacement of old heaters, development of low-emission transport
etc. Despite the growing awareness of the impact of poor air quality on health,
Poles are not determined to demand from the central government to take
more advanced decisive action for the development of a low-emission econ-
omy. Actions at the national level are rather enforced by external regulations:
EU law, and international agreements like the United Nations Framework
Convention on Climate Change (UNFCCC).

Subjective perception of air pollution can have important implications in
terms of health-protective behaviors and citizen and stakeholder engage-
ment in cleaner-air policies. Coming with and answer to the research ques-
tion: What is the role of socio-political factors in the fight for clean air in
Poland? one can state that there is a gap between what is happening at the
local and at the central levels. The steps taken by the Polish government to
develop a low-carbon economy have not been sufficient. The government
continues to support coal energy and introduced regulations hampering the
development of renewables, especially restrictive in relation to wind energy.
The Clean Air priority program adopted in 2018 is a promising exception but
EU will not support any coal-based heating system, what was planned by the
Polish government. Meanwhile, local authorities in many cities are very well
coping with the implementation of multi-faceted activities aimed at combat-
ing smog. This is a response to the expectations of local residents. So far, the
issue of the impact of environmental pollution on health has been absent
from the electoral programs of the main political parties in the parliamentary
elections in Poland.
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Introduction

Risk can be considered when determining the danger or uncertainty of
some phenomena. The description of uncertain consequences can be divided
into two groups (IMGW, 2005): using the language of probability distribu-
tions and referring to other rules that treat these distributions as comple-
mentary.

Generally speaking, risk means a measure, an assessment of the hazard
or danger resulting either from probable events that are independent of us or
the possible consequences of a decision. According to Hubbard (2007) risk is
a state of uncertainty, where various possible outcomes are associated with
undesirable effects or significant losses. Risk can be also defined as the set of
measured uncertainties, where possible results are specific losses. In the
mathematical theory of decision, the risk relates to situations in which a par-
ticular decision entails certain consequences of the known probability of
occurrence of each variant.

The purpose of risk analysis is to determine the likelihood of an adverse
event. Risk analysis makes it possible to take appropriate measures to reduce
it. There are several types of approach to risk analysis, such as a basic level
approach, when standard risk mitigation measures are used, informal
approach based on knowledge and experience of experts, detailed risk anal-
ysis using risk analysis techniques or mixed approach incorporating ele-
ments of the above.

The aim of the paper is to analyze risk and uncertainty in water manage-
ment in order to include them in a rigorous way in the decision making in
water management according to the Integrated Water Resources Manage-
ment (IWRM) principles.

Risk analysis is used in the preparation of appropriate policies and man-
agement systems, including preparation of security policy and safety man-
agement systems, project management, business management, different
types of business and economic analyses.

Risk management consists of planning, control and monitoring. The con-
cept of risk is used in the analysis of decision situations, for which it is impor-
tant to determine the results of the actions taken. Evaluation and graphical
presentation of risk distribution allow for appropriate allocation of resources
for the risk minimization.

In the paper the review of scientific literature as well as case studies anal-
ysis of the European Union research on risk with regard to IWRM served for
the assessment of challenges related to the risk and uncertainty estimation
in water management.
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An overview of EU research on risk in water management

Uncertainty and risk are reflected in water management. Uncertainty in
water management should be classified as objective uncertainty. Risks in
water management are associated with hazard, exposure and vulnerability
(European Commission, 2008). The risk is also usually defined through the
hazard and the failure. Where the hazard is the probability of occurrence of a
particular phenomenon and the failure is the resistance of a particular struc-
ture to the analyzed hazard at the assumed level. Particular emphasis has
been placed on the need to conduct research on both physical processes in
water management, their impact on the ecological functioning of water
resources and uncertainty management approaches (European Commission,
2008) as they impact the hazard.

The risk in water management according to Judith Rees (2002) can be
classified into two main categories: water supply risk and economic risk. The
first category takes into account security of provision of needed quantity and
quality of water, what is related with environment pollution and extreme
weather and climatic events. The category of economic risk encompasses
market related risk, linked to political and legal risk, imperfections in opera-
tion, financing losses, etc. Despite the apparent separation of these catego-
ries, they are closely related. For example, misrepresenting the law may pose
arisk to water supply. In this case, risk management must be based on knowl-
edge of technical conditions and technologies, and both should be taken into
account in the decision-making process.

A different classification distinguishes: physical risk associated with
water quality and extreme phenomena, such as floods or droughts as well as
management risk that takes into account the broader social and economic
context.

Particularly, flood risk is understood as a combination of probability of
flooding and potential negative consequences for human health, the environ-
ment, cultural heritage and economic activity (Directive 2007/60/EC). The
Water Framework Directive (Directive 2000/60/EC) introduces the notion
of the risk of failing to meet its environmental objectives.

In the NeWater project (New Approaches to Adaptive Water Management
under Uncertainty (New Approaches..., 2009)) a concept of water manage-
ment that also takes into account local conditions and climate change was
developed. The project looked for common factors determining the level of
preparation for Integrated Water Resources Management in the selected
pilot catchments. It was observed that sectoral segmentation with regard to
risk management does not adequately inform the analysis in other areas of
the economy, leading to ineffectiveness and inadequacy of measures taken to
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reduce the occurrence of unfavourable events. Therefore the need for imple-
mentation of a comprehensive approach in the risk reduction process and in
planning in water management was highlighted. The important project con-
tribution was the conceptualization of the Adaptive Integrated Water
Resources Management that found its application in the next generation
studies on risk (e.g. [IASA and Zurich Insurance, 2015) and led to the devel-
opment of the risk assessment and mapping guidelines (European Commis-
sion, 2010) and the risk assessment framework (IPCC, 2014).

Risk and its allocation are affected by a wide range of operational deci-
sions and practices, which are not always closely and directly related to the
threats posed by direct water management (New Approaches..., 2009). These
include, inter alia, local environmental, social and economic conditions, legal
aspects, fees and funding, and the structure and condition of organizations
responsible for water management. So, risk management in water manage-
ment is a problem that cannot be analyzed and solved in a mere technical
way. Planning and management in water management, despite improve-
ments in techniques and tools, is still subject to a high level of uncertainty
and risk (Walczykiewicz, 2006). This is primarily due to the complexity of
these processes and the need to take into account not only the environmental
aspects, but also social and economic issues.

Research methods

The paper presents review of scientific papers on risk and risk manage-
ment as well as it presents the results of the various studies analysis on the
risk estimation approaches in the scope of the European Union research.
Based on that the risk and uncertainty in water management are analysed
and the results show the risk estimation approach that allows to include
them in a rigorous way in the decision making in water management accord-
ing to the Integrated Water Resources Management (IWRM) principles.

Results of risk studies review

Water resources are in close relation with global change factors, which
include climate, spatial development and population with its growing needs.
By analyzing the research conducted in this field, studies on risk can be clas-
sified into two main groups corresponding to one of the risk classifications:
* studies on physical risks associated with extreme occurrences, such as:

floods and droughts, water scarcity and water quality hazards,
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¢ research on the risk of management taking into account the social and
economic context.

In the first group of physical risk studies aspects of potential climate
change (Wilby et al.,, 2009) and the need to include them in risk analysis are
particularly highlighted. In this case, threats to the water management objec-
tives and variants of climate scenarios are assessed. Particular importance in
such studies has the definition of good hydromorphological status of waters,
where quantitative aspects are closely related to climate change. Many Mem-
ber States of the European Union, while implementing the provisions of the
Water Framework Directive, simultaneously consider the possibility of revis-
ing the previously established reference conditions for surface water. This is
primarily due to the deterioration of their quantitative status as a result of
climate change and as a consequence of the increased risk of failing to meet
the objectives of the Directive. Research is being conducted examining the
uncertainties surrounding the relationship between hydromorphological
status and the quality of water-dependent ecosystems. The challenges for
this kind of analysis include the availability and use of appropriate quality
forecasts from different sectors and levels of development as well as integra-
tion of the available forecast results due to the different methods of develop-
ment, different time horizons, various spatial scales of studies and transfer of
forecasts for specific catchment areas. An important aspect is the search for
solutions that allow for the broadest range of factors to be taken into account
in the conducted analyzes. Hence there is a need to build databases that take
them into account.

The second group of research studies on management risk in the context
of this paper is of particular importance, because now water management
goes far beyond technical considerations and includes social and economic
development and forecasting in these areas. Studies in this group concern,
among others, factors affecting good management, such as: water resources
and water-dependent ecosystems, the legal responsibility for allocating
resources, technical infrastructure related to existing water infrastructure
and effective hazard management (Pegram et al., 2009). Moreover, also good
governance is in focus of the social studies, which highlight: predictable, open
and transparent water policy, professional and adequate to the public inter-
est activities of the water management services as well as strong social sup-
port and participation in the management process.

An example of research on uncertainties and risks in water management
provides the Texas Water Development Board. The Texas Plan includes 4,500
local water management strategies to meet water needs in the next 50 years
(TWDB, 2008). In connection with the plan, a decision has also been made by
the Board to carry out risk research, which should take into account the
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uncertainties associated with climate change, the financing of tasks, the
dynamics of population change and the variability of water needs.

The NeWater project (New Approaches..., 2009) also discussed the issue
of uncertainty and risk and it made classification of three types of uncer-
tainty in water management: the unpredictability of certain phenomena,
incomplete knowledge and different interpretations of phenomena. In the
concept of Adaptive Water Management for each type of uncertainty, specific
impact strategies should be proposed. For example, the uncertainty associ-
ated with incomplete knowledge should be limited by: establishing confi-
dence thresholds and uncertainty intervals, conducting research that broad-
ens the knowledge of specific problems, using models designed for this pur-
pose, consulting experts, improving communication and cooperation
between researchers and decision-makers.

In case of unpredictability of certain phenomena, an important strategy
according to the authors of the NeWater project is acceptance of the state of
“lack of knowledge and certainty”. Consequently, Adaptive Water Manage-
ment should be defined as a systematic process of improving management by
analyzing the effects of implemented water strategies. The IWRM will not be
realised without flexible verification conducted on their basis.

Key factors influencing adaptation to climate change should also be taken
into account in the risk analysis. They include proper water management,
which should be based on, inter alia, broad, well-established knowledge,
active public participation, political will and the cooperation of all parties
involved in the process.

To sum up, in order to take into account in the risk analysis a broad range
of factors, which is necessary to properly inform the IWRM, there is a need to
build extensive databases and analyse relevant future scenarios. Risk manage-
ment in water management in the contemporary world is an issue that can not
be analyzed and solved solely in a technical way, in isolation from other factors,
including social and economic ones. Therefore, the decision-making approaches
and frameworks are being developed to account for that.

Results of risk estimation approaches comparison

The analysis of spatial and temporal risk distributions is important for
IWRM. The spatial and temporal cohesion are two basic components that
determine risk variability (Simonovic, 2009). Depending on the nature of the
analysis, the risk may be expressed by probability, membership function
determined according to fuzzy set theory, or other mathematical formulas.
The risk determined by the probability is used, inter alia, to assess the func-
tioning of water supply systems. Whereas, the fuzzy sets theory can be uti-
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lised for the analysis of a flood wave control with the use of a retention reser-
voir, when the overlap of main river and tributary flows is considered
(Zelazinski, 2000).

In the study of IMGW (IMGW, 2012) the water-economic balance models
are used to quantify risk in the IWRM. Mathematical models of water balanc-
ing are an attempt to describe in detail the processes associated with the
cycle of water circulation in the environment, determine the interrelation-
ships and relationships between them, as well as determine forms of quanti-
fication of quantities characteristic for the assessment of the quantitative
and qualitative status of water resources. They are tools useful in analyzes
related to the assessment of water status, both in real time and in the future
perspective, for instance informing the planned activities. For this reason,
they can be useful in making decisions regarding the directions of develop-
ment and activities in water management in a particular catchment. At pres-
ent, a very large number of mathematical models related to water balancing,
with varying degrees of detail (depending on the purpose) are used in the
world. They are used both by entities responsible for water resources man-
agement and administration in the current statutory work, as well as by sci-
entific units for research purposes.

Following the water-economic balance models the risk can be calculated
with the use of the following formula:

R=Ry xRy xRy, (N
where:
R -risk,
Ry - measure of hazard,
R; - measure of exposure,
Ry, - measure of vulnerability, including the coping capacity.

The collection of physical, economic, social and environmental factors
increase the vulnerability of certain areas and communities to the threat. The
coping capacity, represents the existing resources that can be used in the
event of a threat. Such approach to risk quantification is recommended by
the European Commission (2010) and has been applied in several studies in
Poland such as: MPA44 project, Dumienski et al. (2018).

In the case of floods, the simplified formula for calculating risk can be
used as follows:

R=PxS§, (2)
where:
R -risk expressed in losses per unit time,
P - probability of adverse events,
S -losses.
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In the study of IMGW (IMGW, 2012) the following pilot catchments were

selected with the adequate, case study related, models assigned.

In the Orla and Sanna drainage basins that are intensively used for farm-
ing the SWAT model was used. It is a catchment model for predicting the
impact of changes in the management of the basin on: water balance,
degree of erosion, pollution of nitrogen and phosphorus compounds,
pesticides, bacteria, and heavy metals. The model is intended mainly for
typical agricultural catchments, as it has well-developed elements related
to: the growth cycle of the crop and the resulting uptake of water and
biogenic compounds, agricultural practices and water management (irri-
gation and drainage).

In the Biata Tarnowska basin the co-existence of Natura 2000 areas with
areas used for agriculture and industry located in the city of Tarné6w was
studied. In this case the MIKE BASIN model with the Water Quality and
Load Calculator extension was used to simulate water quality. The MIKE
BASIN model provides a mathematical representation of the catchment,
including the configuration of main rivers and their tributaries, hydrol-
ogy of the catchment in time and space, and all forms of water use exist-
ing in the basin (i.e. water abstraction, sewage discharges, water reser-
voirs, etc.). The model makes it possible to conduct quantitative and
qualitative balance analyzes in the river basin for a period of many years.
After defining the required structures and data sets, it simulates system
operation based on mass balance.

In the Welna catchment with a lot of lakes and ponds the MIKE BASIN and
MODSIM models were used. The MODSIM is a comprehensive decision
support system for integrated surface and groundwater management,
including water quality. Its extension GEO-MODSIM use of the GIS envi-
ronment to facilitate the construction of a river network and the spatial
location of objects included in the balance calculations.

In the Suprasl case impacts related to the proximity of the city of Biatystok
and the water transfer from the Siemianéwka reservoir were studied
with the use of the MIKE BASIN and MODSIM models.

The Koprzywianka catchment was used for comparative purposes and to
test mutual data supply models MIKE SHE, MIKE BASIN-NAM and SWAT.
The MIKE SHE is an integrated system modeling of the water cycle in
nature, including all soil phases of the hydrological cycle. This model is
widely used, among others for analysis, planning and management of
water and environmental resources and for supporting solving ecological
problems related to surface and underground waters. It is a three-dimen-
sional model that allows simulation of all major processes of the hydro-
logical cycle, including: rainfall, evapotranspiration, processes taking
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place on the surface (such as retention and runoff), processes occurring

in surface and underground waters as well as spatial processes of ground-

water flow. Imposing anthropogenic interactions on the natural cycle

(e.g. water intakes, land development, drainage, drainage, pollution

sources, etc.) allows for a comprehensive analysis of the water cycle in

the environment.

Calculation of risk in the mentioned studies included factors stimulating
risk (average rainfall and average landfall in standardized values, share of
lakes and reservoirs in the SCWP area [%)], share of forests in the SCWP area
[%], long-term average flow in the main stream closing the SCWP section
[m3/s]) and factors de-stimulating risk (water use in industry, in agriculture,
by households [dam3/year], share of Natura 2000 sites in the total SCWP
area [%], share of arable area in the total SCWP area [%], density of water
network [m/ha] under the assumption that the more dense the water net-
work the quicker the outflow from the basin and lower accumulation of
underground waters).

Different needs related to risk assessment, different levels of detail and
approaches to calculate and visualize risk depend on the available and
needed information about risk, e.g. what information is needed, for what pur-
poses, how fast and how frequent it is necessary, etc. For different purposes,
e.g. strategic, tactic, operational planning, the different kinds of risk analyses
are needed. For example tools, such as MeteoGIS, help to monitor the follow-
ing meteorological values: precipitation intensity, precipitation sum, precipi-
tation type, temperature, wind speed and direction, and atmospheric dis-
charges, with one kilometer spatial resolution of data and temporal resolu-
tion of ten minutes. The users of the system are, for example, government
administration employees (Security and Crisis Management Departments).
For the development of strategies climate and weather related risks are pre-
sented on the maps, e.g. spatial distribution of flood hazard and flood risk is
depicted on the maps. Graphs presenting the probability distributions are
often used. Also, Average Annual Damage functions are promoted to be calcu-
lated and analyzed (KZGW, 2013).

All the mentioned approaches to the risk estimation and the modelling
efforts are used to better communicate risk and support the risk manage-
ment process.
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Conclusions

The conducted review of scientific literature as well as case studies anal-

ysis of the European Union research on risk with regard to IWRM serves for
the assessment of challenges related to the risk and uncertainty estimation
in water management. The analysis that have been carried out shows that:

1

2)

3)

4)

5)

6)

Depending on the available data and the purpose of the risk analysis dif-
ferent approaches to risk estimation and presentation are most adequate,
so the variety of methods and approaches reflects the complexity of the
matter. However, in order to take into account in the risk analysis a broad
range of factors, which is necessary to properly inform the IWRM, there
is a need to build extensive databases and analyse relevant future scenar-
ios.

Risk management in water management in the contemporary world is an
issue that can not be analyzed and solved solely in a technical way, in
isolation from the socio-economic environment. Therefore, the deci-
sion-making approaches and frameworks that will be developed in the
future should account for this even more precisely and rigorously then
the contemporary ones.

The research material on risk in water management is rich, but does not
contain specific proposals for risk quantification in water management,
including the risk in the IWRM. Decision-makers have the right to expect
specific algorithms and methods to take decisions that account for risk
and its distribution over time and space.

From the point of view of decision makers, it is particularly important to
be able to graphically present risks in the form of appropriate maps or
graphs. More and more widely used Geographical Information Systems
allow for the spatial classification and hierarchy of objects at risk depend-
ing on its size.

The visualization of risk can be improved through the application of more
precise tools fed by the better quality data obtained from established
wide monitoring networks and unified system of damage and loss report-
ing on a country-wide scale.

The identified knowledge gaps in risk estimation are related to the uncer-
tainties of modelling, future climate change and socio-economic develop-
ment.

The future studies need to focus on improved integration of physical and

socio-economic factors to better inform decision-making processes in vari-
ous scales.
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Introduction

Manor-house gardens are an important constituent of natural and cul-
tural landscape of rural areas. There were relatively many gentry courts in
Poland (Schrimer, 2012). For example, in the 18th century, the percentage of
nobility in the society was around 10%, compared to other European coun-
tries (about 3-4%). These buildings are an material evidence of Polish his-
tory, identity and landed gentry traditions. Their proper historical function,
even if it still remains, is at the very least strongly limited and modified due
to social and economic changes in the country.

While sites designated as historical do enjoy an elevated “social” status,
this does not always translate into its monetary market value. Own research
shows large price discrepancies in property appraisal reports for the same
real estate. Ever-changing market realities, administrative and legal deci-
sions regarding historical sites cause significant discrepancies in their mar-
ket value and value appraisals. As a result of their niche character, necessity
of large investments and complicated administrative procedures regarding
repair and adaptation of historical sites to current needs, their sale price is
significantly undervalued. Under the agrarian reform in 1945, Polish manor
houses were included in the state’s property. This has a significant impact on
their poor condition and relatively low value.

The goal of this research is to evaluate reasons behind these glaring dis-
crepancies in appraisal of manor-house and park complexes in rural com-
munes. The study shows whether the park is significant in the price of the

property.

An overview of the literature. Historical parks and manor-
l'houses in Poland

According to National Heritage Board of Poland (Narodowy Instytut
Dziedzictwa - NID) (2017) data the largest number of historical man-
or-houses and parks can be found in the following voivodships: Greater
Poland (440 manor-houses and 899 parks), Lower Silesian (184 man-
or-houses and 752 parks), Masovian (318 manor-houses and 622 parks) and
West Pomeranian (88 manor-houses and 688 parks). The smallest number of
such sites can be found in the following voivodships: Podlaskie (59 man-
or-houses and 110 parks), Silesian (79 manor-houses and 135 parks), Lubusz
(71 manor-houses and 184 parks), Swietokrzyskie (80 manor-houses and
217 parks) and Opole (80 manor-houses and 217 parks). However the cur-
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rent administrative division of the country does not reflect the specific fea-
tures of individual historical regions. When taken into account, it can be seen
that the greatest density of architectural monuments can be found in West-
ern, Central and Northern part of Poland. Number of sites per 1000 square
kilometres, shown in the figure below (figure 1) is a more meaningful indica-
tor of historical site density in the country. The difference between the
voivodship with the highest historical site density per unit of area (Lower
Silesian) and the voivodship with the smallest density (Podlaskie) is nearly
sevenfold for parks and threefold for manor-houses. In Greater Poland and
Lesser Poland voivodships the number of manor-houses per 1000 km? is five
times higher than in Podlaskie voivodship and twice as high as in Silesian
voivodship.
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Figure 1. Density of historic manor houses and parks in voivodships per 1000 km?
Source: author's own work based on NID, 2017.

Only in few voivodships this number is equal or greater to the mean sta-
tistical average for the entire country of 19 parks and 8 manor-houses per
1000 square kilometres. Voivodships where number of parks exceeds the
average include: Lower Silesian, Greater Poland, West Pomeranian, Lesser
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Poland, Opole, Kuyavian-Pomeranian, L6dz, SWiQtokrzyskie and Masovian.
Voivodships where number of manor-houses exceeds the average include:
Greater Poland, Lesser Poland, Opole, Kuyavian-Pomeranian, L.6dz, Lower
Silesian and Masovian. Density of historical manor-houses is clearly lower in
the following voivodships: Podlaskie, Lubusz, Silesian, Lublin, Swigtokrzyskie,
and Pomeranian.

Research indicates a dwindling number of gentry manor-houses and
their continued deterioration (Rydel, 2012; Fortuna-Antoszkiewicz, 2012).
In 1939 Poland, within its contemporaneous borders, there were approx.
16,000 manor-houses including approx. 4,000 in the Eastern borderlands. In
1990 there were 8,740 historical parks and manor-houses (Michatowski,
1992). In 2014 2,800 manor-houses (Rydel, 2012) and 9,024 were regis-
tered. For a quarter of a century the number of historical parks increased by
3%, to drastically fall in recent 4 decades. According to a report by National
Heritage Board of Poland (2017) published in 2016 there were only 2,610
registered countryside manor-houses and 8,152 parks in cities and villages,
of which 6,139 have been positively verified. Up to 40% of historical parks
and 42% of historical manor-houses are in a poor condition and in need of
heavy repairs or full reconstruction. Repair and restitution works are
required in 22% of manor-houses and 16% of parks while only 9-13% of
those does not require any repair (figure 2).
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Figure 2. Condition of historic mansions and parks
Source: author's own work based on NID data, 2017.

A significantly worse condition of palaces and manor-houses in Western
part of the country can be observed. Generally this is where the grand and
imposing palaces and manor-houses were built, which are however most
expensive to restore and maintain. Better preserved sites can be found in
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Greater Poland, Kuyavian-Pomeranian, Lublin and Mazovian Voivodships
(Kozak, 2008).

Problems with appraisal and valuation of historical sites

The degradation of cultural landscape and historical sites in our country
has been observed for many years. This is not only due to lack of mainte-
nance but also due to adaptation of these historical sites to new functions
such as: hotels, restaurants, museums, facilities for cultural or other public
services. These changes significantly lower their historical value. It is esti-
mated that barely a few percent of adapted palace and manor-house com-
plexes retain their original architectural and historical features (Rydel, 2012).
Recreation of compositional and spatial layout of parks is especially rare.

Even though research confirms that economic value of hotel buildings,
including those established in rebuild residences in rural areas, is influenced
by psychological factors such as uniqueness and historical character of the
building, very often economic and functional needs determine applied land
use strategy (Rouba, Cudny, 2012). Effects of such investment strategies often
cause numerous conflicts and result in decrease of the historical site value.

The above mentioned problems, as well as ever-changing market reali-
ties, administrative and legal decisions regarding historical sites cause signif-
icant discrepancies in their market value and value appraisals. As a result of
their niche character, necessity of large investments and complicated admin-
istrative procedures regarding repair and adaptation of historical sites to
current needs, their sale price is significantly undervalued. The ongoing real
estate crisis which began in 2009 has brought down the valuations of histor-
ical real estate’s held by the State Treasury. Their prices fell by as much as a
few dozen percent. Historical sites may be bought for a few dozen thousand
zloty, but the cost of their recreation (repair) may be many times higher than
their sale price. Site value appraisal is made more difficult by their niche
character. On an average only a few dozen such transactions are made annu-
ally (Wesotowska, 2012).

According to Bogdani (2013) problems with historical site appraisal
include:
¢ legal status and commune policies which limit available historic real

estate use, resulting in their undervaluation,
¢ monument conservation related limitations as a result of designation of

sites as a monument conservation zone, which hinder adaptation of the
building to new requirements,
¢ long investment process procedures for historical sites.
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The author claims that while sites designated as historical do enjoy an
improved “social” standing, this does not always translate into their mone-
tary market value.

In many European countries, four main methods are used to construct
fixed quality property indexes (Diewert, 2006): the repeated sales method;
the assessment method based on a comparison between valuation of a house,
often official, and its sales price; the stratification method used in the Icelan-
dic house price index for the calculation of the simple user cost model in the
Icelandic CPI (Pétursson, Eliasson, 2006) and the hedonic method (Sirmans
etal, 2005).

Methods of appraisal and valuation of historical sites were a subject of
many studies (including: Bogdani, 2012; Lichfield, 1988). Their special char-
acteristics should be considered while preparing appraisals. The following
aspects have to be considered: 1) historical value, increasing with time; 2)
technical value, decreasing with time; 3) architectural value - increasing with
time, but decreasing with use. It is especially difficult to evaluate “historical”
value of a site, as it cannot be readily quantifiable.

Methods for vegetation valuation (as a natural element) had been in use
since 30-ties of the last century, and they were further developed in 60-ties
and 70-ties of the last century. However the demand for monetary valuation
of trees, tree-stands, forests and other land properties became necessary in
Poland only in the 90-ties of the 20th century (Zmarlicki, 2012). Even though
there are many methods and techniques of appraisal (including: profit-, mar-
ket-, cost-oriented or mixed) available in specific legal acts and standards,
apprising vegetation is still problematic.

In the valuation of historic buildings, intangible assets (historical, artis-
tic, etc.) are also important. In property auditor standards, it is recommended
that a property valuer should use the help of a historian (Cymerman, Hopfer,
2006). However, the role of the dendrologist and landscape architect in
assessing the value of the park is omitted. This has a significant impact on
skipping the park value in estimating the valuation of mansions.

The average price of a manor house in England is 11 times higher than
the value of a flat with 3 rooms and almost twice as high as the price of the
most expensive one-family house in the English style or a country house. In
Poland, the price of manor-houses is very diverse. Real estate is basically val-
ued as a whole, without division into a building and land property. The excep-
tion are palace and park complexes, where in the case of a park with unique
trees and small architecture, the value of the park is estimated separately
(Fraczek, Musiat, 2009).
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Research methods

The goal of valuating real estates is to determine its market value, and
this forms a subject of this research. Pilot studies have shown that greatest
challenges lie in valuation of undeveloped land, covered in vegetation and
included in the monument register. The analysis of guidelines and rules used
for evaluation of vegetation shows a need for greater objectivity of appraisals
so as to limit potential conflicts. The goal of this research is to evaluate rea-
sons behind glaring discrepancies in appraisal of parks attached to palace
and manor-house complexes in rural communes.

A review of 300 sale offers of mansions from the last 3 years has been
made. 100 objects containing complete data on the technical condition and
photographs of the building and the park were selected for detailed analyzes.
Research included an analysis of offer prices of 100 historical real estates
comprised of a manor-house and a park from all over the country. The offer
price was analysed in relation to usable area of enclosed structures and plot
area (including historical parks) in 15 voivodships. Based on descriptive and
photographical record the preservation of buildings and parks was esti-
mated. Building condition was evaluated using a four grade scale analogous
to methods used in NID (2017) report, where: very good condition - means
no need for repair/modernization; good condition - means some minor
repairs or maintenance is necessary; average condition - means repair/pro-
tective maintenance is necessary; poor condition - means a complete refur-
bishment of the site, recreation of the park is necessary. Impact of the size
and level of preservation of parks on sale prices was evaluated using descrip-
tive statistics and multiple regression methods in Statistica 7.0 software.

Results of the research

The greatest number of transactions were done in Greater Poland and
Lower Silesian voivodships while no current manor-house park sale offers in
Podlasie voivodship have been found. Generally amount of price data for pal-
ace and manor-house complexes per voivodship is directly proportional to
the number of such sites in a given voivodship. The average real estate sale
value was 2,050,000 PLN. The index price for 1m2 of enclosed structure was
2,150 PLN, while price per 1 m? of park was 69 PLN. The average usable
building area in the studied sample was 1,050 m?, while average park area
was - 3.37 ha. 44% of parks and 51% of buildings were evaluated as being in
a good or very good condition. 36% of buildings and 29% of parks were eval-
uated as being in poor condition (for complete refurbishment or recreation).
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When compared to the NID report (2017) the condition of sold sites is gener-
ally better than the overall average, what is perfectly understandable.
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Figure 3. Comparison of the state of preservation of historic mansions and parks in the
records with objects on sale

Source: author's own work.

The price of a palace and park complex real estate is usually established
based on usable building area, this is why its price is largely dependent on
size and condition of the building. Analysis of study results shows a weak
correlation between real estate price and plot/park area. It was possible for
large structures, located in a small plot to be valuated at higher prices than
smaller structures built within an expansive park complex.

Using multiple regression method the relation between building usable
area and real estate price for sites with a plot of up to 5 ha was determined.
The following multiple regression formula was created:

price = absolute term + b1 x x1 + b2 x x2. ()]

Figure 4 shows regression curve with building usable area in m? (x) and
prices (y) shown. Regression line determined using STATISTICA 7.0 software
was plotted to a coordinate system. It also includes points for real values of
evaluation parameters used to create a given regressive model. The model
shows that variable correlation is present in the following set: site with an
area up to 5 ha and real estate price. A table and a diagram showing this
relation is provided below.
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Figure 4. Analysis of the relationship between the price of a historic property and the size

of a building

Source: author's own wo

rk.

Table 1. Analysis of the relationship between the price of a historic property and the size

of a building

parks with an area of less
than 5 ha

Summary of regression of a dependent variable: market price
(New Sheet Statistica Spreadsheet)

R=,47030937 R*2=,22119090 Correct R2= 19287057
F(2,55)=7,8103 p<,00103 error std. estimation: 2611E3
22119090. R2 =, 19287057

F (2.55) = 7.8103 p <, 00103: 2611E3

N=58 Condition of inclusion: v4 <4

L e
free condition 1009012 7434669 1357171  0,180270
surface of the object m? 0435579  0,119431 955 2618 3647120  0,000590
area of the park m? 0144103  0,119431 31 25,7 1206584 0232757

Stat. summary; variable. dependent: market price (New Sheet Statistica Spreadsheet) Condition of inclusion: v4
= 4; Multiple varieties: 0.470309367; Multiple R2: 0.2211909; Adjusted R2: 0.19287057; F (2.55): 7.81032189; P:
0.00103360123; Std error estimation: 2610958.98

Source: author's own work.

Figure 5 shows regression curve with park area in m? (x) and real estate
price (y) shown. Regression line determined using STATISTICA 7.0 software
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was plotted to a coordinate system. It also includes points for real values of
evaluation parameters used to create a given regressive model. The model
shows that variable correlation is present in the following set: park with and
area of over 5 ha and real estate price. A table and a diagram showing this
relation is provided below.
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Figure 5. Analysis of the relationship between the price of a historic property and park area

Source: author's own work.

Table 2. Analysis of the relationship between the price of a historic property and park area

parks with an area

Summary of regression of a dependent variable: market price
(New Sheet Statistica Spreadsheet)

R=,50529132 R*2=,25531932 Correct. R2=,19803619
F(2,26)=4,4571 p<,02166 error std. estimation: 5006E3

of over 5 ha A ! :
N=29 Condition of inclusion: v4=4

b ;rlggr std. b Error std. 1(26) 8
free condition 1184878 1626284  0,728580  0,472771
surface of the object m? 0011212 0,190188 35 594 0058951  0,953442
area of the park m? 0,500077  0,790188 30 11 2,629389  0,014175

Statistics. Summary. Var. dependent: market price (New Sheet Statistica Spreadsheet) Condition of considera-
tion: v4 = 4; Multiple varieties: 0.505291321; Multiple R2: 0.253131319; Adjusted R2: 0.198036189; F (2.26):
4.45714684; p: 0.0216576438; Std error Estimation: 5006286,94

Source: author's own work.
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Summing up, any significant contribution of park area to real estate price
may be seen mainly in large area sites, i.e. lager than 5 ha. While the share of
building size in real estate price is especially pronounced in sites with plot
area lower than 5 ha.

Figure below (figure 6) shows comparison of price indices of park and
manor-house complexes (average, minimum and maximum prices per unit of
area: 1-10 m?) along with park index prices (unit price/10m? of park). The
data is sorted from the lowest index (for Opole voivodship) to the highest one
(for Masovian voivodship). Highest prices per unit of area have been found in
the following voivodships: Masovian, Pomeranian, Kuyavian-Pomeranian,
Lesser Poland and West Pomeranian. Lowest prices were found in the follow-
ing voivodships: Opolskie, Silesian, Sub Carpathian, Swietokrzyskie and Lodz.
This does coincide with data on prices of construction works in those voivod-

ships.
e upmin/m2  Wupmedium/m2  Aupmaks./m2 X price of park/10m2
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Figure 6. Price indices of palace and park complexes (average, minimum and maximum
prices per unit area: 1 m?) compared to the park index price (up/10m? of the park),
developed for 15 voivodships: T = Opole, 2 - Silesian, 3 = Sub Carpathian, 4 -
Swietokrzyskie, 5 — £6dz, 6 — Lublin, 7 — Lubusz, 8 — Warmia i Mazury, 9 — Greater
Poland, 10 — Lower Silesian, 11 — West Pomeranian, 12 — Lesser Poland, 13 —
Kuyavian-Pomeranian, 14 — Pomeranian, T — Masovian.

Source: author’s own work based on NID data, 2017.
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Conclusions

Landed gentry manor-houses with parks are an important spatial ele-
ment of countryside landscapes. Research shows a dwindling number of
landed gentry manor-houses and their deteriorating state. Nearly half of the
sites require complete refurbishment. Today those sites have already lost
their original function, which can result in lost of their historical qualities as
well. Adaptation is one of the forms of conservation of palace and man-
or-house complexes. However, valuation of such sites, both for selling pur-
poses as well as for establishing value of compensation to expropriated own-
ers is problematic. The study shows discrepancies in valuation of historic
real estates accompanied by park complexes. Price is influenced by, among
other, location, building size, plot area, level of building preservation. Valua-
tion of vegetation in such sites is also problematic.

In Poland, the price of mansions is very diverse. The real estate is gener-
ally valued as a whole without distinction between construction and land.
Therefore, the value of the park (especially with a small area) is often under-
estimated or neglected in the real estate valuation.

Summing up, any significant contribution of park area to real estate price
may be seen mainly in large area sites, i.e. lager than 5 ha. While the share of
building size in real estate price is especially pronounced in sites with plot
area lower than 5 ha.

Highest prices per unit of area have been found in the following voivod-
ships: Masovian, Pomeranian, Kuyavian-Pomeranian, Lesser Poland and
West Pomeranian. Lowest prices were found in the following voivodships:
Opolskie, Silesian, Subcarpathian, Swietokrzyskie and £6dz. This does coin-
cide with data on prices of construction works in those voivodships.

The contribution of the authors

Edyta Roston-Szeryniska - 45% (conception, literature review, data acquisition, anal-
ysis and interpretation parts of data).

Jan Lukaszkiewicz - 30% (analysis and interpretation parts of data).
Beata Fortuna-Antoszkiewicz - 25% (partial review of literature).
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Introduction

The concept of sustainable development gained importance thanks to
“Our Common Future” report (1987) and then, the Earth Summit in Rio de
Janeiro in 1992. Its operationalization, through a low-carbon economy,
started from 2008 - the real economy crisis (Szyja, 2016).

The idea of the green city is based on sustainable development concept,
which H. K. El Ghorab and H. A. Shalaby describe as “a process by which we
reason and a way we choose to live, a process that uses common sense and
intuition as a baseline. Sustainability should be viewed as a philosophy, or ethic,
affording people the ability to consider long-term consequences of actions and
to think broadly across issues, disciplines, and boundaries” (El Ghorab, Shalaby,
2016, p. 497), and on the idea of sustainable cities.

New approach to the issue of sustainable cities is defined as one of the
goals in Sustainable Development Goals of the United Nation, also called
Agenda 2030: Make cities inclusive, safe, resilient and sustainable (UN, About
Sustainable Development Goals). This target aims at ten detailed areas (UN,
Sustainable Development Goal 11):
¢ by 2030, ensure access for all to adequate, safe and affordable housing

and basic services and upgrade slums,

* by 2030, provide access to safe, affordable, accessible and sustainable
transport systems for all, improving road safety, notably by expanding
public transport, with special attention to the needs of those in vulnera-
ble situations, women, children, persons with disabilities and older per-
sons,

¢ by 2030, enhance inclusive and sustainable urbanization and capacity for
participatory, integrated and sustainable human settlement planning and
management in all countries,

* strengthen efforts to protect and safeguard the world’s cultural and nat-
ural heritage,

¢ by 2030, significantly reduce the number of deaths and the number of
people affected and substantially decrease the direct economic losses rel-
ative to global gross domestic product caused by disasters, including
water-related disasters, with a focus on protecting the poor and people in
vulnerable situations,

¢ by 2030, reduce the adverse per capita environmental impact of cities,
including by paying special attention to air quality and municipal and
other waste management,

* by 2030, provide universal access to safe, inclusive and accessible, green
and public spaces, in particular for women and children, older persons
and persons with disabilities,
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e support positive economic, social and environmental links between
urban, per-urban and rural areas by strengthening national and regional
development planning,

¢ by 2020, substantially increase the number of cities and human settle-
ments adopting and implementing integrated policies and plans towards
inclusion, resource efficiency, mitigation and adaptation to climate
change, resilience to disasters, and develop and implement, in line with
the Sendai Framework for Disaster Risk Reduction 2015-2030, holistic
disaster risk management at all levels,

¢ support least developed countries, including through financial and tech-
nical assistance, in building sustainable and resilient buildings utilizing
local materials.

The literature contains wide selection of terms, which may, but should
not, be considered synonyms: “green city”, “eco-city”, “sustainable city”, and
“smart city”. The term “smart” is used next to “green”, Jedlinski highlights an
example of a “smart green city” (Jedlinski, 2014). Polzonetti and Sagratella
describe the differences in the meaning of the mentioned terms as follows
(Polzonetti, Sagratella, 2018):
¢ The green city is a city that aims at developing infrastructures, spaces,

facilities and urban activities with a low or even with no environmental

impact.

¢ The sustainable city is a city that aims at developing a socio-economical
urban context able to balance economic development with respect for
the environment and social equity.

¢ The smart city is a city focusing on the use of technologies to improve life
quality in urban areas.

They do not present explanation of “eco-city”.

We can also point out to other definition. According to “The Environmen-
tal Magazine”, “green cities movement” includes activities whose aim is to
“lessen their environmental impacts by reducing waste, expanding recycling,
lowering emissions, increasing housing density while expanding open space,
and encouraging the development of sustainable local businesses” (What are
‘green cities’?). In turn, eco-city was defined as “a human settlement modeled
on the self sustaining resilient structure and function of natural ecosystems.
The ecocity provides healthy abundance to its inhabitants without consuming
more (renewable) resources than it produces, without producing more waste
than it can assimilate, and without being toxic to itself or neighboring ecosys-
tems. Its inhabitants’ ecological impact reflect planetary supportive lifestyles;
its social order reflects fundamental principles of fairness, justice and reasona-
ble equity” (What Is An Ecocity?). The same elements may be found in expla-

n, u

nation of the term of “sustainable city”: “as one that is able to retain the supply
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of natural resources while achieving economic, physical, and social progress,
and remaining safe against the environmental risks that can undermine any
development achievement” (Hassan, Lee, 2015, p. 1271). In this way, the two
last terms may be considered identical.

Smart cities are strongly related with technological aspects in all the cit-
ies’ functional areas: transport, energy and water service utilities, waste
management, buildings, and communication systems (Anthopoulos, 2017).
However, Giffinger with his team describe it including six areas: smart econ-
omy, smart people, smart governance, smart mobility, smart environment,
smart living (Giffinger, 2007, p. 10).

Summarizing the terminological aspects of the abovementioned terms,
we can highlight key word or phrase of each of them as follows:

e green city by “reducing impact on environment”,

e eco-city by “healthy by appropriate system of consuming”,
* sustainable city by “rational supply of natural resources”,
e smart city by “technological improvement”.

All the mentioned types of new cities are being created all over the world.
These projects are encouraged by international organization (the United
Nations Human Settlements Programme and the United Nations Environ-
ment Programme by Sustainable Cities Programme), regional integration
group (the European Union by European Green Capital initiative), policy of
governments (Singapore, China, South Korea), local authorities, and local ini-
tiatives.

Summarizing, it should be highlighted that the discussed terms, with ref-
erence to the practice of their implementation, can be presented as succes-
sive steps on the path to reduction of human pressure on the natural environ-
ment in order to achieve the most desired effect in the form of the green city.
This is the most appropriate form of the urbanization processes in the con-
text of human impact on the environment. And this may be improved by tech-
nological solutions, which allow formation of smart green cities. Figure 1
presents development of mentioned terms related to city, taking into account
historical genesis and aspect of progress in creating really green urban space.

sustainable city green city
eco-city smart green city

Figure 1. Phase of reaching the green city

Source: author's own work.
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An overview of the literature

The literature on the mentioned issue includes a wide selection of
detailed thematic scope. Primarily, authors take into consideration the term
of the green city and its relation to other ones, such as: sustainable, eco-,
low-carbon, and smart city (Kankaala et al., 2018). These considerations are
strongly related to the concept of sustainable development (LeZnicki,
Lewandowska, 2016). And that is why there are terms such as sustainable
urbanization.

Some green cities are old ones, which were or are subjected to the pro-
cess of green modernization called “transformation towards eco-city” (Hu et
al,, 2016). Some of them are new ones, which are currently under construc-
tion or are to be constructed. Literature presents a wide selection of case
studies, mainly in Asia - such those in Pearl River Delta in China (Wang et al,,
2018), Europe - Freiburg in Germany (Freytag et al., 2014), or North America
- New York City in the USA (Sanchez et al., 2018), but also in South America
- Curitiba in Brasil (What are ‘green cities’?) or Africa - Sub-Saharian Cities
(Lindley et al.,, 2018).

Another issue in the area of the green city is related to socio-economic
aspects. Articles take into consideration the role of such cities for various
stakeholder groups and for shaping city branding (Fok, Yi, 2018). The role of
governmental projects and policies, the relationship between eco-city building
and local economic development, is also important (Lin, 2018).

Next area of researchers’ interest is related to attributes of the green city.
They point out to aspects of planning and organizing space. Particularly
important elements affect organization of spatial order through creation of
urban green spaces (Ye et al, 2018), green spaces (Anguluri, Narayanan,
2017), or green zones and city forests (Fan et al,, 2019). In the last case, the
author undertakes the problem of forestation in relation to natural condi-
tions of cities’ location, which determine high temperature and specific
microclimate. This is a reason to create conditions aimed at improving living
quality (Fan et al,, 2019) i.e. by cooling effect of urban green spaces. Not only
do the authors take into consideration the role of trees, but they also make
research in line with methodology which allows to diagnose results of forest-
ation in different urban form of cities (Masoudi, 2019). Then they describe
multifunctionality of green infrastructure (Hansen et al., 2019) through its
ecosystem services (urban ecosystem services, Lindley et al., 2018, p. 328-
329), or creation of green open spaces. The problem of adaptation to the cli-
mate change by promoting urban green spaces is also important (Sanchez et
al,, 2018).



-I 22 Studies and materials EKONOMIA | SRODOWISKO 2 (69) + 2019

Next element refers to development of sustainable transport: organiza-
tion of public transport, which should be more environmentally friendly, as
well as creating a model to enable route planning for green vehicles (Pamucar
etal, 2016).

Transport issue is related with the “green logistic”, which is defined as
“an integrated management of all activities required to move the product along
the supply chain to meet the expectations of customers at minimum global cost
including also the external costs related to, among others, climate change, air
pollution, noise, vibration and accidents” (Jedlinski, 2014). Another important
problem for the green city is appropriate energy system, e.g. one based on
solar energy (Freytag et al., 2014), and its construction and implementation.

No less important is the question of water for the inhabitants of the green
city. There are papers which describe the role of quality of ground water and
appropriate system of its management. Scientists make research to elaborate
instruments for measurement of groundwater sustainability (Tirupathi etal.,
2019). Authors also describe the problem of flood risk and adequate adapta-
tion policies to address plausible impacts of climate change (Chan et al,
2018).

There is a need for innovation in creation of appropriate building con-
struction, water and energy systems, waste management systems, green
spaces, and green infrastructure (Murzyn, Szyja, 2015). For example, Fei et al.
point out to the role of innovation and classify it into three types: green tech-
nological innovation, green institutional innovation and green busi-
ness-model innovation (Fei et al., 2016).

In polish literature there are no publications which would describe the
specificity of development of the green city in Asia, distinguishing between
those that are created from scratch and those that are subject to green trans-
formations (with socio-economic aspects of them taken into account). The
aim of this paper is to present three cities in three different countries of Asia:
Tianjin (China), Singapore, and Songdo (South Korea), to analyse the idea of
the green city of varying genesis, government policy and praxis, as well as to
analyse and categorize the term of the green city.

Research methods

The research method applied to solve the abovementioned gap in
research, which is related to presentation and explanation features of green
cities in Asia in terms of their genesis. Therefore author has carried out the
analysis on the basis of literature review, considering the problem of termi-
nology, the issue of green cities development progress in Asia, conditions of
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development, the role of governmental programming, sources of funds for
these kind of endeavours, and researchers’ opinions. The opportunity to
complete a study visit in Singapore together with a seminar and meetings in
selected institutions was also important.

Transformation to the green city — example of Singapore

The issue of the green city is very well know in Asia, which is evidenced
not only by the number of activities or related projects, but also that of papers
and science publication, and by high positions in the rankings of sustainable
cities. As for the latter, Asian cities rank as follows in the 2018 Sustainable
Cities Index: 4th (Singapore), 9th (Hong Kong), 13th (Seoul), 24th (Taipei),
41st (Macao), 66th (Shenzhen), 67th (Kuala Lumpur), 73rd (Bejing), 74th
(Guangzhou), 76th (Shanghai), 80th (Bangkok), 83rd (Tianjin), 87th (Wuhan),
88th (Chennai), 89th (New Delhi), 90th (Chengdu), 91st (Bengalure), 93rd
(Mumbai), 94th (Jakarta), 95th (Manila), 98th (Hanoi), and 100th (Kolkata)
(Arcadis, 2018, p.11). As for the rankings of green cities in Asia and Pacific, 10
best cities in 2011 were: Tokyo, Seoul, Melbourne, Singapore, Osaka, Sydney,
Auckland, Busan, Taipei, and Hong Kong (Solidiance, 2011, p. 4). Comparing
2011 and 2018, we can point out that Singapore scored high in both rankings,
regardless of the passage of time. This is de facto a city-state called Asia’s
greenest city. Singapore started its transition to the sustainable city after
gaining independence in 1965. The most problematic issue for the new coun-
try was a dramatic pollution of land, waters and air. “Keeping Singapore clean
was thus one of the foremost challenges that government had to tackle (...). It
was a challenge born out of necessity. Moreover, during the early days of nation-
hood, a clean living environment was seen as a boost to the national morale
and civic pride of a nascent state, helping to motivate the people to strive for
higher standards of performance” (Soon et al., 2009, p. 51). Activities were
properly planned and coordinated. All the work related to four components
- “providing good and reliable public cleansing services and collecting refuse
daily; educating the public on the need to keep the environment clean; strict
law enforcement; and investing in infrastructural improvements” (Soon et al.,
2009, p. 51). Over time, the issue of improving the environmental conditions
has become important for one more reason, namely creating friendly condi-
tions for foreign investments (Soon et al,, 2009, p. xxiv). Ghesquiere, who
writes about “an ecologically sustainable growth” (Ghesquiere, 2007, p. 18;
Szyja, 2016, p. 97). Currently, the most significant element of Singapore’s
image are gardens: the Botanic Gardens (figure 2), the Gardens by the Bay
(figure 3), the Bukit Timah Nature Reserve, the East Coast Park, the Sungei
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Buloh Wetland Reserve, the West Coast Park, the Hort Park, the Pasir Ris
Park, and the Changi Beach Park (10 best green spaces in Singapore...).

Figure 2. The Botanic Gardens

Source: author's own work.

Figure 3. Gardens by the Bay

Source: author's own work.
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What is really remarkable, Singapore’s surface is only 720 km? and we
can still find there so many green spaces. What is more, it should be high-
lighted that the idea of urban farming is strongly developed in this city, espe-
cially in housing estates, schools, or offices (Zachariah, 2017). At the begin-
ning, the idea was aimed at integrating the society, especially elderly people,
but also to yield crops, due to no agriculture in Singapore and the need to
import food. Over time, it began to stimulate cultivation of balconies and
roofs of residential buildings. Such activities have one more result: green
space which is building’s natural isolation. It is possible due to natural condi-
tions. Nowadays, we can observe progress in farming space in Singapore, due
to high-tech solutions, i.e. those based on aquaponics methods.

Singapore has also achieved a great progress in the process of “water
production”, which is based on four facilities in which water is being cleaned
(by using membrane technique and UV) and then supplied for the industry.
2% of processed water is enriched to be fit for consumption. In the area of
water supply in Singapore, a huge progress has been made since 1965 as for
infrastructure development: there are 17 water reservoirs; sanitary condi-
tions have been improved; a dam aimed at recreation and flood protection, as
well as being a reservoir of water, has been constructed; the seawater desali-
nation plant has been opened (Szyja, 2016, p. 106-108).

Energy production from renewable energy sources in next element of
transition to sustainability. The Building and Construction Authority is
engaged in modernization of a building to make it a “zero energy building”,
and Singapore is the current regional leader as for technical solutions (BCA).

Knowledge and experience gained by scientist and engineers from gov-
ernmental agencies, research institutes and also the National University of
Singapore have impact on sustainable transition in other countries of Asia,
particularly in China with its Tianjin City being constructed.

Contemporary Singapore may be called a green city due to two reasons.
First is related to the development of green spaces, and second to the devel-
opment of rational management of water, land and space, as well as using
renewable sources in energy system and lowering emissions (through a spe-
cial regulation system, well-developed public transport system, and high
costs of buying a car for private purposes). A problem for Singapore is grow-
ing waste production. The Semakau Landfill is an island near the main part of
Singapore, which should allow trash storage until 2045. “But with the use of
disposable products growing at a rapid rate, the ministry’s most recent esti-
mates show that Semakau could be full a decade earlier” (Geddie, 2018).

At the beginning of Singapore’s way to sustainable development, all activ-
ities were concentrated on improving living conditions. Then, further goals
and increasing level of living conditions set the new directions of activities, as
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a result of which improvements were achieved. Nowadays, emphasis should
be put on the role of technology (e.g. in water production or zero-energy
building construction) and export of knowledge and experience in the men-
tioned area. In this way Singapore may be called a smart green city.

Eco-city Tianjin — building a green city from scratch

The project of Eco-city Tianjin is being constructed next to (40 km dis-
tance) industrial and port centre of Tianjin (115 km to the southeast of Bei-
jing). It is an example of cooperation of two governments: the Chinese and
the Singapore (Sino-Singapore Tianjin Eco-City, https). Such type of endeav-
our in this part of China is dictated by the fact that the region has been chosen
as a test area for many economic experiments. It is also related to the fact that
the eastern coast of this country has always been more developed than other
regions. It was here where the first special economic zones were created. The
contribution of Singapore is related with the state authorities’ experience in
creating special sustainable policy (commented above) and knowledge of
experts, i.e. those of the Building and Construction Authority. The choice of
location was dictated by the need to meet two key conditions: land not suita-
ble for agricultural cultivation and water shortages. The first criterion is to
prevent takeover of land suitable for cultivation, and the second - to create a
special infrastructure from scratch.

The Sino-Singapore Tianjin Eco-City is based on appropriate sustainable
spatial planning, with the following principles:

* areas separated by their functions (housing estates, service centres, light
industry),

¢ each district should have specific service and institutional facilities,

* the distance between housing estates and workplaces should not be too
large for walking or cycling,

¢ creation of an extensive network of pavements, bicycle paths, and public
transport infrastructure,

* designing a large amount of green space,

e connection to main water reservoirs to increase water circulation,

e construction of 75-acre park [to restore] stormwater retention in order
to clean the river, cool the Central Business District and provide refuge
for residents and visitors among native plants, trees and walking paths
(Karlenzig, 2015),

¢ introduction of specific waste management rules,
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 modern energy system based on environmental friendly solutions: solar
power, wind power and EV charging centers and a national smart grid
pilot (Karlenzig, 2015),

¢ development of ecological construction,

¢ locating in the city only plants which are related mainly to the IT sector,

* the obligation for the residents to comply with certain standards in the
scope of limiting the negative impact on the natural environment.
Eco-city Tianjin is a politically initiated project, realized in cooperation of

two governments. Furthermore, it is ecologically justified, also due to ecolog-

ical problem of the city of Tianjin (chemical industry).

Songdo — The South Korean ,smart green city”

The Songdo International Business District is, according to M. L. Clifford,
“a smart city built from scratch (...). More than 40 percent of its area is reserved
for green space, and all of its major buildings meet or exceed LEED expecta-
tions” (Clifford, 2015, p. 81). The city is located 64 km from Seoul and is con-
nected to Incheon International Airport with a 12 km long bridge. The pro-
ject is intended for implementation in the period of 2003-2020 and the
assumed costs of the endeavour are estimated at USD 40 billion. The project
is a joint venture of the City of Incheon, Gale International (61%), POSCO E&C
(30%), and Morgan Stanley Real Estate (9%) (South Korea Conceptualizes...).

Investments in the city include those aimed at creating technologically
modern and sustainable solution, including appropriate construction of
building (certification in the U.S. Green Building Council’s Leadership in
Energy Efficiency and Design system), a central pneumatic waste disposal
system to eliminate the need of garbage collection (South Korea Conceptual-
izes...), cycling routes, digitally advanced apartments, and remote solutions
(White, 2018). However, despite the mentioned solutions, Songdo has only
70,000 residents while the planned number is 300,000. The problem is
related to high costs of apartments and living. There are attempts to find buy-
ers for both apartments and commercial spaces. In the first case, the target
group are the Koreans living in the USA (White, 2018).

To sum up, Songdo is an example of the green city built from scratch, with
smart solutions included. However, a currently highlighted problem is the
cost of living there, which is a major obstacle for potential residents. In
author’s opinion, this results from too much pressure on technological solu-
tions which are expensive. In addition, one can ask whether such technologi-
cal advancement really serves the environment.
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According to the three cases mentioned and presented above, some

important issues should be highlighted:

1. Impressiveness of the quality and also quantitative level of green cities
development in Asia, with those built from scratch taken into account.

2. Animportant role of government in green cities planning.

3. Technological progress in development of waste and water systems
based on cooperation between countries.

4. Activities aimed at people integration.

5. New approach to the specificity of the term of the green city, which allows
its categorization on a basis of case studies (figure 4).

Green cities in Asia

— g

existing greening cities creation of green cities from scratch
- green infrastructure, - green infrastructure,
- heating and cooling systems, - heating and cooling systems,
- development of sustainable transport, - development of sustainable

transport, "
- zoning plans, } » - entire city is one green zone, %
- green zones, ks
- appropriate politics and investment programming by - appropriate politics and k-
local authorities, investment programming by

central government,
- encouraging people to green up their city. - subordinating people to

imposed green rules.

Figure 4. Categorization of the term of the green city, according to examples in Asia
Source: author's own work.

Conclusions

The issue of the green city is a very important aspect of development due
to economical, social, and environmental aspects, which are highlighted in
the Sustainable Development Goals of the United Nations. Actions aimed at
transforming cities to sustainability are undertaken all over the world.
Although countries differ in terms of the level of transformation, some of
them try to achieve a more advanced level. We can pointed on green cities
and appropriate categorization of them, included sustainable cities which
change into green and some created from scratch. This opposition occurs in
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presentation and analysis of the case studies from Asia: Singapore, Tianjin,
and Songdo. Singapore began its transformation, stimulated by governmen-
tal policy, in 1965. Nowadays, it is called the greenest city in Asia; progress
has been achieved in improvement of living quality, including ecological
aspects and greening up the space, and technological aspects of water man-
agement system. In turn, Tianjin is a green city building from scratch, on the
basis of cooperation between two governments, one with knowledge and
experience (Singapore), and the other with willingness to introduce new
urban solution due to ecological problems of an industrial city. Songdo is an
example of a smart green city, also constructed from scratch. However, its
distinctive feature is the use of technology in every functional aspect of living
in the green city.

This approach may help to understand progress in transition to the green
city. This is very important in relation to Polish cities, where emphasis is put
on more environmental friendly solutions in a process aimed at formation of
sustainable cities.
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Introduction

Sustainable development is an multi-domain issue but nowadays it deals
mainly with impact of the plants and new road infrastructure, which is grow-
ing rapidly (Boruszko et al., 2018). Dairy industry is a vital economic element
of European Union countries. According to Eurostat data, dairy cattle popula-
tion in the whole EU in 2015 reached 23.5 million, including 2.134 mln in
Poland. Poland, along with Germany, France, Great Britain and Holland,
belongs to the biggest milk producers in the EU. According to European Com-
mission, milk production in 2016 in the EU amounted to 153.304 mln tons,
including 11.130 mln tons in Poland (www.farmer.pl). According to data from
2016, Podlasie Voivodeship is the biggest milk producer in Poland, followed
by Masovian Voivodeship. Development of dairy plants in Poland is, on the
one hand, an opportunity for the region’s development and, on the other, it
creates the necessity of such activity which will minimize the plants’ negative
impact on the environment. The principle of sustainable development allows
the functioning and development of dairy industry in such areas where large
parts are under various forms of protection. Figure 1 presents the changes of
the amount of milk produced in Poland between 2000 and 2015 year.
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Figure 1. Milk production in Poland in the years 2000-2015 [min dm3]
Source: author's own work based on CS0, 2016.
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Milk industry development in Poland on the example
of Podlaskie Voivodeship

Podlaskie Voivodeship with the area of 20 187 km? and the population of
1188587 is one of the least urbanized areas of Poland. There are around 170
dairy plants functioning in Poland, 16 of which are located in Podlaskie
Voivodeship. The dairy plants located within this part of Poland are respon-
sible for over 20% of milk production in Poland. The amount of milk pro-
duced in this voivodeship has been rising systematically since the beginning
of the 1990s. The changes might be observed while analyzing the investments
in dairy companies. In 2015 S.M. Mlekovita and S.M. Mlekpol reached a joined
income of almost 7 mld PLN. Mlekpol is the owner of 12 dairy plants, while
Mlekovita 16. Beside those biggest ones, there is a number of smaller plants
functioning within the region. Global milk production in the voivodeship
increased from 1234.3 to 2564.8 mln dm?® in the years 2000-2015 (CSO,
2016). Figure 2 shows the change in the amount of milk produced in Pod-
laskie Voivodeship in the years 2000-2015 year.
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Figure 2. Milk production in Podlaskie Voivodeship in the years 2000-2015 [min dm?]
Source: author's own work based on €S0, 2016.
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Environmental aspects connected with the functioning
of dairy plants

Dairy processing plants belong to agricultural and food production
branch. Their impact on the environment is not limited to the production
phase only, but extends much further to milk producers themselves. Among
the main environmental aspects of dairy plants, the following can be given:

e water intake and consumption during the production processes,
¢ sewage and sewage sludge emission,

e generating waste during production,

¢ emission of gas pollution from fuel combustion,

e noise emission,

¢ electric energy consumption.

Water utilized in dairy plants is used directly in the production process as
well as in supporting processes. Depending on its purpose, the water under-
goes treatment (iron and manganese removal, water softening etc.). Among
the most water-consuming places within a dairy plant are water treatment
stations, milk pasteurizer cooling systems and stations for cleaning devices
and pipelines (Budny, Turowski, 2005a). Almost 100% of the consumed
water comes from own abyssal intakes exploited by the dairy plants for many
years. Only to a little extend do the dairy plants use water from municipal
supply systems. Water resources are limited so the lack of a sufficient amount
of water might constraint the production growth. While analyzing individual
water consumption rates in dairy plants, a substantial drop of this indicator
might be observed in the 1990s. Its consumption depends on the type of the
final product and might vary within a very wide range (BAT, 2005; FAPA,
1998). Water consumption indicators in S.M. Mlekovita in Wysokie
Mazowieckie in the previous decade amounted to 3.2 m3 per 1 m3 of pro-
cessed milk (Boruszko et al.,, 2004; Boruszko, Dabrowski, 2016). For the
dairy plant Bielmlek in Bielsk Podlaski the indicator was about 3.6 m3 per 1
m? of treated milk according to the own research in 2015, while in 2018 the
indicator decreased to 2.46 m3 per 1 m? of treated milk. The lowest indicators
are observed in the case of consumable milk and powdered milk production,
whereas the highest are for butter and hard cheese production. An important
aspect connected with water in food industry is the fact that, in view of the
product safety, its consumption cannot be minimized in order to achieve, for
example, reduction of production costs. Due to this, water recycling for pro-
duction purposes is not applied. This type of water might be used in support-
ing processes, e.g. in a boiler house. The widespread use of automatic clean-
ing in place (CIP) stations has had a very positive effect on the water manage-
ment process. The stations are installed at many production stages from milk
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collection to washing pipeline installations. They are fully automatized and
their application allows saving water and chemical cleaning products. The
use of CIP stations has improved production safety and has shortened the
time needed for washing processes within a plant. The plants are subjects to
strict water quality control due to the safety of their final product. The stand-
ards describing water in dairy industry implemented in Poland after joining
the European Union allow safe functioning of dairy plants.

Wastewater discharged from dairy WWTPs has significant influence for
environment. Dairy sewage has similar content to municipal, with the differ-
ence of observing significantly higher values of organic compounds meas-
ured with indicators such as BOD; COD or TOC (Danalewich, 1998; Gugata et
al,, 2015; Janczukowicz et al.,, 2008; Struk-Sokolowska, Ignatowicz, 2013).
That is why a high load of pollutants discharged from a plant is the main
problem, even though the amount of pollution is small (Struk-Sokotowska,
2016). Similar to water, the individual indicators in reference to e.g. 1m3 of
processed milk have a very wide range connected with the type of the final
product. Similar and comparable in Poland and around the world, milk pro-
cessing technology has a smaller influence on the amount of sewage. Accord-
ing to own research conducted in Podlaskie dairy plants, since the end of the
1990s the indicator of sewage amount was on average 3.2 m3 per 1 m3 of
treated milk and varied in the range between 1.8 m3 and 4.1 m3® (Dgbrowski,
2009). Own research in Bielmlek Bielsk Podlaski showed the indicator on the
level of 2.6 m3in 2018. The drop in the amount of water used for one produc-
tion unit caused a substantial increase of pollution concentration in sewage,
which makes its treatment much more difficult (Danalewich, 1998; Boruszko
et al, 2004; Boruszko, Dabrowski, 2016). A great part of dairy plants in
Poland use their own WWTPs, while only a few smaller plants discharge their
sewage to municipal treatment plants after its pre-treatment. Every treat-
ment plant applies sludge activated system with high efficiency nitrogen and
phosphorus removal, while the flotation process is a widespread method
used in pre-treatment. Phosphorus is additionally removed by chemical pre-
cipitation. The biggest plant (Mlekovita company in Wysokie Mazowieckie),
applies anaerobic process of sewage sludge treatment with heat and electric
energy production from biogas. The rest of the plants apply aerobic stabiliza-
tion, where sludge is finally used as fertilizer. Sewage sludge is a type of solid
waste but its composition allows to use it as a material recycled to the envi-
ronment. In a few objects in Poland the process of anaerobic dairy sewage
treatment is implemented with Upflow Anaerobic Sludge Blanket (UASB)
reactors (Umiejewska, 2017). Anaerobic systems have a range of advantages
are commonly used in e.g. fruit and vegetable processing plants or breweries.
They allow obtaining biogas during sewage treatment and reducing the
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amount of sludge. The necessity of applying secondary aerobic treatment is a
disadvantage (Rodriguez, 2015; Tiwary, 2015).

The waste in dairy industry might be closely connected with production,
processing as well as with side processes, such as heat energy production in
a boiler house, or water and sewage treatment. A catalogue of waste in a
large dairy plant might contain several dozen entries, from container waste
(paper and plastic) to industrial waste, such as slag, batteries, or lamps. Dairy
plants have agreements with companies that utilize waste, recycle dangerous
materials and materials other than dangerous, which are determined by
a suitable regulation for waste management.

Another factor connected with environmental impact is emission of gas
pollution. In dairy plants it is connected almost in 100% with the production
of heat energy for the production purposes. Dairy plants produce steam in
own boiler houses. The majority of them are supplied with coal and come
from the 1970s. Only a few plants use gas supplies. Heat energy consumption
for steam production in a dairy plant reaches 76.4% of the total energy con-
sumption. That is why the plants use their own sources to become independ-
ent from external suppliers. The sources of gas emission, other than boiler
houses, are gas heaters used in production of powdered milk, and milk pow-
der plants, which emit dust. Among the emission indicators in dairy plants
are nitrogen dioxide, sulfur dioxide, carbon monoxide and PM10 dust.

Noise emission is also a crucial element. Within the area of a dairy plant
location there are several noise sources with various levels of emission and
frequency characteristics (noise spectral density). These are both point
sources located on an open area, on various heights above the ground level,
and cubic (secondary) noise sources. The second group includes all cubic
(building) production units, inside which there are technological lines, pro-
duction lines, energy devices and technological safety devices, as well as
other devices and machines which emit noise.

In the recent period, more attention is given to the issue of electric energy
consumption in dairy plants. The problem is crucial due to the share of elec-
tric energy in the plant’s functioning cost, but also due to the emission from
coal power plants. In the recent years, only few dairy plants have begun elec-
tric energy production, for example from biogas obtained during anaerobic
sewage and sewage sludge treatment. An example might come from S.M. Mle-
kovita dairy plant in Wysokie Mazowieckie, which has been producing heat
energy and electric energy within its WWTP plant since 2014. Electric energy
is used during the production process; however, its greatest share goes to
sewage treatment (Budny, Twarowski, 2005b; Dagbrowski et al., 2017). Figure
3 presents results of energy consumption analysis conducted in Bielmlek
Bielsk Podlaski in 2018. The wastewater treatment plant is responsible for
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6.4% of total energy consumption of the dairy plant. During treatment of
wastewater the highest amount of energy is consumed in biological reactors
(sludge activated system) due to high oxygen demand. In the case of Bielmlek
WWTP aeration consumes 55.8% of the total energy. Sludge management
and mechanical treatment, mainly pumping, are next in the hierarchy of
energy consumption. An interesting phenomenon may be observed in the
case of DAF flotation which consumes 2.4% of the plant’s energy while
removing approximately 50% of organic pollutants load.

Wastewater
treatment
plant
6,4%
Whole dairy /
plant
93,6%
Sludge
management
and
dewatering
18,4%
Air
/ deodorization
2,5%
Other*
6,4%
—___| Mechanical
treatment
- ; 14,6%
Biological
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558% DAF Flotation
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*as other energy consumption such factors as lightning, stuff's social needs and measurement system should

be considered

Figure 3. Structure of energy consumption in Bielmek Bielsk Podlaski during research
conducted in the 3rd quarter of 2018: a) distribution of energy consumption in
Bielmlek dairy plant; b) distribution of energy consumption in WWTP

Source: author's own work.
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Development directions and main challenges connected with
sustainable development of dairy plants

Industrial plants development should be based on the principle of sus-
tainable development, which is present both in National Environmental Pol-
icy and European Union environmental protection policy. On the one hand,
industrial plants must function on the basis of economic calculation and mar-
ket rules, on the other, their functioning and development must not cause
excessive environment exploitation (Piasecki et al,, 2016; Augusewicz et al.,
2012). The rules and methods of sustainable development for agriculture
and food industry plants include (Hadryjanska, 2008):

* implementing the rule of eliminating pollution at its source through the
change of energy media, popularizing cleaner technology, minimizing
energy and resources consumption, widespread normalization and limi-
tation of emissions in industry,

¢ combining environmental costs into economical calculation, develop-
ment and implementation of new economical tools for environment
management,

e creating a coherent and stable legal and financial system compliant with
the rule “the one who pollutes is the one who pays”, ensuring effective
funding of environment protection,

* implementing solutions aimed to ensure ecological safety,

+ diversifying energy sources in the ecologically required direction, includ-
ing increased energy production from renewable sources,

¢ conducting research programs aimed to increase the effectiveness of
using environmental resources in production processes, especially devel-
opment of alternative fuels technology allowing to replace petrochemical
fuels and other based on carbohydrates,

¢ developing a mechanism for collecting data, controlling environment
condition and obeying emission norms, as well as subjecting those pro-
cesses and phenomena to monitoring and statistical analysis which have
not been subjected to data collecting systems.

The abovementioned goals might be achieved, among others, through
analysis and changes in environmental aspects typical for dairy plants. The
technical network should allow separation of industrial sewage, meteoric
and cooling water. The actions connected with water management in a dairy
plant should lead to the optimization of water consumption by minimizing its
usage, recycling and water cycling closing. The problem of wastewater emis-
sion is strictly connected with water consumption. Its amount and content
depend directly on the amount of water used for production purposes. Pro-
duction increase within a dairy plant is connected with increased water con-
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sumption and wastewater generation. The amount of waste might be limited,
but as a consequence there might be an increase of pollutants concentration
in sewage disposed to WWTP. Such a situation was found out in dairy plants
from province. In the case of dairy WWTPs, the actions must be focused on
reducing the amount of biogenic substances present in sewage after treat-
ment. According to BAT Reference Document, reduction in water consump-
tion and the amount of wastewater in diary industry might be achieved
through, among others, widespread usage of CIP, applying a closed network
in cooling systems, collective heating and cooling systems, limiting raw mate-
rial waste and making use of whey (BAT, 2005; IPPC, 2006). Leakages and the
possibility of raw material and production waste accessing wastewater must
be reduced to minimum. An even more common application of dissolved air
flotation (DAF) has been observed in installations with primary treatment of
sewage sludge. The DAF process allows to significantly reduce the pollution
load subjected to biological treatment. In the research carried out in Bielm-
lek in 2017 (Zytka et al., 2018) the average efficiency of DAF treatment was
59.3% for BOD, 49.0% for COD and 80.0% for total phosphorus while in Mle-
kovita in Wysokie Mazowieckie it was 62%, 65% and 51% respectively.
Moreover, the waste generated in this process may undergo anaerobic stabi-
lization, which as a consequence allows energy production. Another advan-
tage of applying DAF process is the possibility of avoiding the extension of
the biological part of WWTP in the case of raw sewage load increase. Accord-
ing to sustainable development rules, applying anaerobic sewage sludge
digestion is advisable. Energy production and its disposal to the external net-
work lower the costs connected with functioning of a WWTP and decrease
the need for energy produced from coal. Sewage sludge typical for dairy
WWTPs is characterized by low content of heavy metals and might be sub-
jected to recycling after anaerobic or aerobic treatment. There is also no san-
itary hazard due to the fact that wastewater from food industry does not
contain microbiological pollutants. Sewage sludge from Podlaskie WWTPs is
used in agriculture as valuable fertilizer (Dabrowski, 2009). Sustainable
development is recently also recovery of raw materials, mainly phosphorus
and nitrogen, from wastewater and sewage. Main measures taken in order to
reduce the amount of hazardous waste and waste other than hazardous
within a dairy plant are, among others: production optimization aimed at
minimizing raw material waste, reducing the amount of waste whey, using
fully automatized production lines for product packaging, modernization of
light and its automatized control and creating heat energy necessary for pro-
duction in a gas boiler house. Because of technical issues, dairy plants must
rely on coal boiler houses to a large degree; reducing the amount of waste
such as slag might be achieved through boiler houses modernization and the
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use of high quality fuel. It would have influence on reducing emission of air
pollution. A large part of waste in a dairy plant is recycled, which is provided
by specialized companies. Sewage sludge as a byproduct of sewage treatment
is successfully recycled and returns to the environment as fertilizer. Reducing
the emission of air pollution is one of the main problems of plants using coal
boiler houses. If there is no possibility to change such fuel to gas, it is neces-
sary to modernize boiler houses in order to reduce pollution, especially dust,
sulfur, carbon dioxide and nitric oxides. Using high quality coal and effective
filters is vital. Reducing emission of particular matter (PM 10 and PM 2,5) is
crucial when taking into consideration the problem of air pollution in Poland.
Reducing energy consumption in a dairy plant will result in reducing the
emission of air pollution into the atmosphere (Dgbrowski, Zytka, 2015).
Reducing the emission of noise and odor is a separate issue. At present, as
means of protection against noise in a dairy plant, the following methods,
technology and techniques which minimize the impact are used: applying
modern devices which emit little noise, constructing acoustic screens, limit-
ing to the necessary minimum the movement of vehicles within a plant
through appropriate planning of delivery routes, building a warehouse for
completed products, and such functioning of devices in automatic cycle
which reduces the possibility of simultaneous work. In the course of dairy
processing, the problem of noise emission is mainly connected with the pro-
duction of powdered milk. Suitable location of dairy plants and limiting the
possibility of creating housing areas nearby causes only rare cases when
dairy plants must apply special means to reduce noise emission. Odor emis-
sion is a similar problem which concerns only dairy WWTPs. Their location
is the most important. Deodorization facilities, which reduce odor emission
from primary treatment and sewage sludge stabilization, are commonly
used.

Reducing electric energy consumption in dairy plants has a major influ-
ence not only on decreasing the plants’ negative impact on the environment,
but definitely connects sustainable development with economic industry
plants effect (Graczyk, 2009; Makarewicz-Marcinkiewicz, 2015). A compa-
ny’s actions must result in assumed financial profit, but on the other hand it
is necessary to invest in pro-ecological solutions, which increase a company’s
operating cost (Karolinczak, Milaszewski, 2016). The application of cogen-
eration, that is connecting heat and electric energy production, is one of the
development aims. In order to reduce and optimize electric energy consump-
tion, it is necessary to apply modern monitoring systems in relation to pro-
duction processes effectiveness. The research conducted by the authors at a
wastewater treatment plant in Bielmlek in Bielsk Podlaski has shown a pos-
sibility of reducing energy consumption in the processes of dairy sewage and
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sewage sludge treatment (Dabrowski et al.,, 2017). Reducing energy con-
sumption consequently means decreasing emissions from coal power plants
and thus reducing carbon footprint. It also means lowering production cost,
which will have a positive effect on the economic situation of the dairy indus-
try.

Conclusions

In 1997 a notation on sustainable development was introduced to the
Constitution of the Republic of Poland, the date being symbolic and crucial
for the development of our country and society. Based on the analysis of dairy
plants, it can be concluded that their sustainable development might contrib-
ute to the development of north-eastern Poland. Those regions must be pro-
tected because of their environmental value, but on the other hand it does
not exclude development of specific industry branches, especially food indus-
try. The industrial plants underwent transformation in the 1990s and their
current technical condition does not differ from that of other European coun-
tries. Production growth does not have to cause an increased impact on the
environment. Appropriate financial mechanisms and ecological awareness
led to a compromise between development and environmental standards.
The current direction for development is to reduce energy consumption and
lower emissions from production processes, especially from heat energy pro-
duction. Plants have transformed from energy consumers to its producers,
whereas waste generated during production process might become a valua-
ble product. Future tendency is to develop anaerobic systems for dairy sew-
age and sludge treatment. It will allow to produce electric and heat energy
from biogas. By the moment in podlaskie province only WWTP belonging to
Mlekovita is successfully utilizing anaerobic digestion of sewage and flota-
tion sludge with energy production.
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Introduction

The conversion of the economy into a sustainable economy is becoming a
challenge for an increasing number of countries, not only among the EU
member states. One of the considered responses to these challenges is the
circular economy concept. It is based on the necessity of transforming the
production and consumption models towards a decrease in the scale of use of
the environment (Korhonen et al., 2018). The transformation process devel-
opment features formation of postulation concerning the stakeholders par-
ticipating in the market. Thus, sustainable consumption (Scholl et al.,, 2010;
Lim, 2017) and sustainable enterprise (Sharma, Ruud, 2003; Schaltegger,
Wagner, 2010) models are emerging. The models assume, among others,
decreasing the negative impact on the environment by reducing the quantity
of consumed non-renewable resources (Milligan, O’Keeffe, 2019), decreasing
energy consumption (Brown, 2015), promoting increased share of renew-
able energy sources (del Rio, Gual, 2014). These activities are intended to
establish a model of economy with substantially lower natural environment
interference, but with maintenance of the economic and competitive poten-
tial. In case of many enterprises, the following question arises: how to intro-
duce the postulation of sustainable economy into the conducted activity pro-
file?

This question also concerns the IT branch. IT enterprises are viewed by
the society as having minor negative impact on the environment. This view
probably has its roots in the subconscious comparison to the sector of heavy
industry or mining enterprises. When examining this issue in relative terms,
it is possible to conclude that IT enterprises deserve the label of sustainable
enterprises. However, public perception is not a determinant which indisput-
ably resolves the issue of classifying an economic entity into a specific cate-
gory. Therefore, two fundamental research questions are outlined:

1. What are the features of a sustainable enterprise?
2. Can an IT enterprise achieve the status of a sustainable enterprise by
offering energy consumption management system solutions?

Providing answers to the above questions is the main purpose of this

paper.

Sustainable enterprise characterisation

The interest of enterprises in the concept of sustainable development as
well as decision-making in terms of social and environmental issues is
related, among others, with the existence of such factors as (Brzozowski,
2015, p. 139):
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¢ changes in the expectation of communities, including consumers and
organisation employees, related to increasing awareness and creation of
new, sustainable values concerning the model of consumption, safety of
products, working conditions, etc.,

¢ changes in the technological environment and substantial increase in
knowledge, thus enabling broad opportunities for creating changes in the
methods of organisation functioning, offered products and services,

¢ institutional and legal conditions which determine the desired directions
and framework of development of the economy and particular entities

(Przychodzen, 2013).

The term of sustainable development in relation to enterprises (Sustain-
able Enterprise Development) was firstly used during the World Sustainable
Development Summit in Johannesburg in 2002, where attention was paid to
the substantial role that enterprises can play in favour of sustainable devel-
opment (Business Action for Sustainable Development). The summit proposed
a public-private partnership and the necessity of socially-responsible man-
agement, which in consequence contributed to the attempt of adapting the
concept of sustainable enterprise development globally. However, the con-
cept of sustainable enterprise development causes a lot of discussion and
conflicts, because as of yet the definition of a sustainable enterprise or the
possible benefits of incorporating new principles of operation have not been
precisely established (Raftowicz-Filipkiewicz, 2013).

When analysing the subject literature, it is possible to assume that the
sustainable enterprise development category is presented in many aspects.
The Triple Bottom Line concept proposed by J. Elkington (2004) assumes that
an enterprise’s success depends on its economic, ecological and social dimen-
sions. It especially concerns the individual behaviour of entrepreneurs in
relation to social and ecological problems, which translates into the ethical
dimension of conducting economic activity (Business Ethics). Simultaneously,
the issue also related to the important role played by an enterprise in a soci-
ety (Business and Society), which is linked to the concept of enterprise citi-
zenship (Corporate Citizenship) or enterprise social responsibility (Corporate
Social Responsibility - CRS) (Paszkiewicz, Szadziewska, 2011).

In their decision-making process, which includes the estimation of prof-
its and losses, enterprises should take into consideration the so-called social
costs of the decisions, responsibility for the natural environment and local
community, inclusion of social objectives in the company’s strategic objec-
tives, monitoring and measuring the costs of social programs as well as the
degree of execution of the assumed achievements, reliable creation and shar-
ing of reports on the degree of execution of social and ecological objectives as
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well as reports on the status and expenditure of resources intended for the

company’s sustainable development system (Adamczyk, 2009).

Enterprises should feature mutual interactions between the achievement
of particular groups of objectives. The achievement of economic objectives in
the form of, among others, profit is a necessary condition for taking on eco-
logical and social actions. The functioning of an entity also depends on the
level of acceptance of its products and activity by the surroundings, which
translates into the improvement of economic results. It is therefore impor-
tant to skilfully coordinate a company’s activity in three areas by achieving
its main objective of maintenance and development on the market (Sza-
dziewska, 2010). The inclusion of the sustainable development concept in
the achievement of an enterprise’s objectives is presented in figure 1.

When taking into consideration figure 1, it is also necessary to emphasise
thatan enterprise’s sustainable development is possible only when it includes
an integration of economic, ecological and social objectives both in short-
and long-term. This translates into the designing of activities that are socially
responsible, ecologically friendly and economically valuable (Kryk, 2005, p.
200). These activities include, among others, the following (Szadziewska,
2010):

e rational use of natural resources,

e preventing negative impact on the environment by, among others, using
new eco-friendly technologies and devices reducing the quantities of
released pollutants,

+ taking on initiatives aimed at supporting local communities, e.g. by exe-
cuting sponsorship and charitable activities,

e taking care for the quality of manufactured products,

¢ investing in natural environment protection undertakings,

¢ compliance with the principles of ethics in the relations with employees,
partners and consumers.

According to Laville (2004 p. 26), enterprises are sustainable when they
aim at achieving long-term sustainable growth and development ideas by,
among others, strong engagement in promoting social and ecological values,
dialogue with stakeholders (especially in crisis situations), committing to the
transparency of actions and diffusion of information about the enterprise or
responding to direct (or indirect) effects of conducting economic activity
(Raftowicz-Filipkiewicz, 2013). This means that an enterprise which claims
to be sustainable should change the current functioning paradigms - from
traditional to sustainable development - which is presented in table 1.
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Ecological demands

Economy-ecology
conflict

Methods of conflict resolution

Concept of sustainable development

Enterprise management level

Economic demands

incorporation of three dimensions in the enterprise's mission
and strategy: economic, ecological, social

Social objectives

1. Creation of new work
places

2. Improvement of the
quality of work and life
at work

3. Ensuring long-term
employment

4. Development of a proper
incentive system

5. Better processes of
communication with internal
and external stakeholders

6. Activities for the benefit
of local communities

Economic objectives
1. Profit
2. Maintaining
liquidity
3. Increasing
profitability

4. Satisfying customer
needs

5. Introduction
of innovations

6. Improving product
quality

7. Increasing value
in the long term

Environmental objectives

1. Decreasing natural
resource consumption

2. Decreasing emissions
of harmful substances

3. Maintaining the state
of nature

4. Decreasing the
quantities of wastes

5. Utilisation of techniques
and technologies with
lesser impact on the
environment

6. Decreasing the risk of
ecological catastrophies

Figure 1. Concept of sustainable development in achieving an enterprise’s goals

Source: author's own work based on: Szadziewska, 2010 p. 167; Paszkiewicz, Szadziewska, 2011, p.

630.
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Table 1. Comparison of a traditional enterprise with an enterprise oriented on sustainable
development

Enterprise from the neo-

; X Sustainable development-oriented enterprise
classic perspective

Sustainable development and growth, care for

Purpose Profit maximisation stakeholders and the environment

Product Functional Eco-friendly, socially responsible

Manufacturing system  Intensive Extensive

o Hierarchical, authoritarian, ~ Networked, responsible decision-making, decen-

Organisation . :
centralised tralised, transparent

Environment Nature governance Harmony with nature

Vision Adequate for the interest Long-term, taking into account the needs of future
rate generations

Values Material, rational Immaterial, social and ecological

Source: Raftowicz-Filipkiewicz, 2013.

The stages of enterprise evolution in the course of sustainable develop-
ment are presented in detail by Klinkers and others (Klinkers, van der Kooy,
Wijnen, 1999, pp. 91-10). According to them, the first stage embraces factors
that reduce the negative environmental effects created as result of enterprise
operations. These include ad hoc activities not oriented on the processes tak-
ing place in an enterprise but aimed at reducing pollutant emissions at the
end of the production process and improving the state of the environment.
At stage 11, enterprises focus on the production process and any environmen-
tal problems are removed much earlier, even before they occur. In the next
stage, processes that take place in a company and the products manufactured
during them are controlled in terms of their environmental impact and the
occurrence of any interference is corrected systemically (the enterprise pos-
sesses an environmental management system). At the next stage, the focus is
shifted from a single enterprise to the entire production chain (suppliers and
recipients). The last stage of the process is based on responsibility towards
society and satisfying its needs. An enterprise does not operate by focusing
only on economic benefits, but also reacts to social needs and takes into
account ethical criteria (Zuzek, Mickiewicz, 2014).

Currently, western experts believe that enterprises are entering the
so-called ecological stage (Bloom et al., 1996). The pro-environmental orien-
tation is becoming especially important in Europe. It is believed that an
enterprise’s success depends on the degree of its integration with the natural
environment and using technology as well as production of products that
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meet ecological criteria. The predominant position in subject literature is
that the pro-ecological attitude of enterprises, related to their ecological
responsibility, positively affects their competitive position. When building an
enterprise’s competitive position, it is possible to use various environmental
management models. Special attention is paid to systems related to the pos-
sibility of evaluating achievements utilising the experience of various compa-
nies with the use of benchmarking, for instance. The practical possibilities of
such a solution are greater than when using natural environment manage-
ment set mainly on creating strategies and policies. Such models feature the
use of particular groups of indicators related to (Chodynski, 2007):
¢ the natural environment management in relation to the vision, strategy,
policy, organisational structure and management system with considera-
tion of the foreseeable effects on the natural environment and communi-
cation with internal and external stakeholders,
¢ the achieved operating results via measurements on processes and tech-
nical aspects of products, using these products and servicing activities as
well as cooperation with suppliers. The impact on the natural environ-
ment, related to the consumption of energy, water, materials, emission of
greenhouse gases and total waste quantity should also be subjected to
analysis.
¢ indicators related to the impact on local, national, international condi-
tions and on the ozone layer, increase in global temperature, oceanic fish
population, pollution on local and regional level, impact on population
density. The noise around enterprises should also be taken into consider-
ation.

Any activities taken on by an enterprise, which minimise the negative
impact on the natural environment can be deemed as a manifestation of the
sustainable development concept. Companies thus contribute to the mainte-
nance of the proper quantity and quality of natural capital, which is essential
for the satisfaction of the needs of current and future generations as well as
adapting the scale of the economy to the ecosystems in which it operates
(Zuzek, Mickiewicz, 2014). In the case of sustainable development, enter-
prises can also determine specific, unique, ecological competing instruments.
These instruments include the following (Jabtonski, 2010):

* ecological quality of products and technologies,

¢ ecological innovation meaning the organisation’s ability to introduce
innovation in relation to the market in terms of external ecological ten-
dencies and internal company conditions,

« flexibility in adapting ecological products to customer needs in relation
to marketing mix activities,
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* creating a pro-ecological company image in relation to the positive per-
ception of an ecological product brand,
* lowering the costs of activity through pro-ecological management.

The best-known way of implementing the sustainable development con-
cept at the level of enterprises is the cleaner production programme. This
idea dates back to 1980s (USA), and makes the need to protect the health of
people and the environment considered in the organisation and the technol-
ogy used. This applies to the production phase as well as other product life
stages (Rybak, 2004). Suitability and effectiveness of the clean production
concept can be examined using the European programme for management
and environmental audits (EMAS). EMAS is a concept of environmentally-ori-
ented management of a business entity, incorporating continuous monitor-
ing of the condition of the environment, associated with or exposed to the
effects of the entity. EMAS encourages reduction in harmful actions, obligates
to comply with the requirements formulated by the law as well as enforces
accountability for preserving environmental standards. It makes it possible
to implement corrective programmes, providing subsequent stages of
improvements, determining the schedule of activities and appointing the
persons responsible for their implementation. EMAS implements environ-
mental management systems, orders notifications for the society concerning
the effects of activities (reporting), imposes obligations on the employees,
subcontractors, business partners with regard to eco-management (Rybak,
2004; Brzozowski, 2010).

However, this is not the only instrument for verifying performance in
implementing the sustainable development concept. Other, equally universal
ones should also be remembered, as, for example, the Global Reporting Initi-
ative (a popular framework reporting model for economic, social and envi-
ronmental performance), UN Global Compact (human rights, labour stand-
ards), Sullivan Principles (global social responsibility), OECD Guidelines for
multinational corporations, INNOVAST (investment analysis in the scope of
sustainable value, or standards of the Caux Round Table: CA8000, ISO14000
[SO014063, 1S026000, AA1000) (Brzozowski, 2010).

Energy consumption management systems
as a sustainable product

Energy consumption is of key importance for the introduction of sustain-
able development. A general tendency associated with sustainable develop-
ment is the decrease in energy consumption. This decrease should concern
both the sector of enterprises and individual recipients. In the case of indi-
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vidual recipients, the reduction in energy consumption is related to many
factors. These factors can include: presence of individual sources of energy,
type of used equipment and technical parameters of buildings. Therefore,
making the choices resulting in actual reduction of energy consumption
requires relatively vast knowledge in various disciplines. An equally impor-
tant and complex issue in this case is the monitoring, management and fore-
casting of energy consumption including the related costs. Presence of energy
sources, the performance of which is related to weather conditions, existence
of habits unnoticed by the recipient, which cause excessive energy consump-
tion, use of household appliances in an unskilful, ineffective manner are the
factors that have substantial impact on the final level of energy consumption.
High hopes were related in this aspect to the dissemination of smart meters
as tools supporting better energy consumption management. Unfortunately,
in general, the devices provide access to collective energy consumption sta-
tistics in the scale of a household and do not allow identifying the critical
areas of its use (Kugler et al,, 2013). Therefore, this solution had to be evalu-
ated as insufficient. In the view of this fact, the concept of integrated energy
consumption management systems was becoming formulated as an element
associated with the idea of the so-called smart home. The concept of house-
hold energy consumption management support systems was mainly
described from a technical point of view (Barbato et al., 2014; Fernandez et
al., 2016; Martellotta et al., 2017; Anandalakshmi et al., 2014; Bouhafs et al.,,
2014; Beaudin et al., 2017). The primary functionalities of an energy con-
sumption management system are as follows (Bouhafs et al., 2014):
* improvement of the effectiveness of electricity consumption,
* ensuring exchange of information for the purpose of better management
of the household infrastructure operation,
¢ designation of an optimal scheme of resident functioning and their activ-
ities with the purpose of achieving the highest possible level of savings,
¢ changing the functioning of a household without violating the users’
comfort of life.

The system user can therefore use such information as detailed reports
on energy consumption (Ford et al.,, 2017) or forecasts on the future energy
demand and the related costs (Shakeri et al., 2018). This information is aimed
at providing recommendations concerning possible activities resulting in a
reduced energy demand. The energy consumption management system ele-
ments can also include modules ensuring the optimal use of renewable
energy source systems (Hemmati, 2017). One of the newest trends concern-
ing this topic is the use of the so-called Internet of Things (I0T) idea (Sha et
al,, 2018), which is deemed as one of the most important contemporary tech-
nological trends (Lopez et al.,, 2017). This term is understood as a collection
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of devices connected with one another via an Internet interface and commu-
nicating autonomously without any intervention of a human operator (Conti
et al,, 2018). The utilisation of this idea in the case of energy consumption
management systems would allow to substantially facilitate executing many
activities. In would allow in turn to acquire data and centralise the control of
the operation of executive elements (in this case household appliances). This
concept is related to specific expectations, but also risks.

Not questioning the importance of the technical issues, focusing only on
them does not allow a comprehensive evaluation of the project assumptions
in terms of meeting the sustainability paradigm. In order to conduct such an
evaluation, it is also necessary to consider issues related to social aspects and
whether is it actually possible to achieve an environmental effect. This evalu-
ation is all the more justified that even the intended use of such a system, i.e.
reduction of energy consumption, was cast in doubt (van Dam et al., 2013).
Overall evaluation of the energy consumption management system product
requires synthetic inclusion of all factor groups taken into account: environ-
mental, social and economic. The overview of the factors taken into account
is presented in the table 2.

Table 2. Comparison of the potential positive and negative effects in terms of balancing
energy consumption management systems

positive effects negative effects

smaller energy consumption in buildings,

potentially better use of the renewable
environmental  energy sources system,

increase in demand for energy-saving

devices

necessity of replacement and disposal of
obsolete household appliances

narrower possibility of use for economically
weaker social groups and persons affected

potential increase in interest in energy by energy poverty,

social . . potential transfer of hazards related to mali-
effectiveness issues -
cious software to the area of use of household
appliances,
interference in the users’ private life
economic financial benefits for system providers possibility of incurring unjustified costs

by the users

Source: author's own work.

When considering a synthetic inclusion of factors affecting the balancing
of energy consumption management systems, it is possible to notice a heter-
ogeneity of the impact of the factor groups. The weakest side of the discussed
systems is definitely the social effects. Positive social aspects of the introduc-
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tion and use must be evaluated as very modest in relation to potential nega-
tive effects. It is however necessary to state that several different variants can
occur. In the case of a certain part of consumers demonstrating strong orien-
tation towards pro-environmental attitudes, the system utilisation can con-
tribute to the formation of a tendency to increase knowledge and awareness
concerning environmental hazards and activities available for the individual
to counteract them. These activities will mainly include ones aimed at energy
savings, but it cannot be excluded that consumers can also be interested in
other environmental aspects of their lifestyle. In other cases, achieving envi-
ronmental benefits seems rather doubtful.

Slightly smaller doubt can be expressed towards environmental benefits.
Indeed, the reduction of energy consumption in an individual scale consti-
tutes one of the substantial trends in the European environmental policy.
Thus, the energy consumption management system is consistent with the
role of a tools that supports achieving the assumptions of the policy men-
tioned. The overall environmental effect is not however dependent only on
the reduction of energy consumption. For the overall evaluation, it is also
necessary to consider the environmental costs related to the replacement of
obsolete household equipment. Due to the fact that the scale of this phenom-
enon is unknown, it is difficult to provide more detailed estimations.

Relatively smallest controversies are related to economic effects. The
described solutions, as commercial products, are planned up to a specific
level of risk. The economic benefits of users seem to be lightly more uncer-
tain. These benefits depend on the fulfilment of a series of conditions result-
ing from the circumstances associated with the system utilisation.

Conclusions

When developing a final account of the presented deliberations, it is nec-
essary to state that offering energy consumption management systems can
bring an IT enterprise closer to achieving the status of a sustainable enter-
prise. However, such undertaking involves a very high level of risk. The risk is
related to the unstable status of energy consumption management systems
as a sustainable product. The balancing of such systems depends on the ful-
filment of a series of hard-to-guarantee assumptions related mainly to nega-
tive social and (despite all) environmental effects. The occurrence of such
effects must be deemed as probable.

There is no doubt that falling into the category of sustainable enterprises
is an extremely valuable image factor. The fact allows for easier acquisition of
various clients. An especially susceptible group includes clients attaching
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great importance to social and environmental aspects. However, clients with
a more indifferent attitude towards such problems are usually more inclined
to trust such enterprises. Not surprisingly, various companies seek this label,
including companies which have nothing in common with the concept. In the
near future, it will become necessary to develop methods of enterprise audit-
ing and verification in these terms.
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Introduction

Rivalry and excludability are key features of goods which influence con-
sumption patterns (Maunder et al., 1996, p. 125). Rivalry occurs when one
consumer makes it impossible or harder for other consumers to use a good
(Farley, 2012, p. 47). Exclusion means that it is possible to prevent someone
from the consumption of a good (Farley, 2012, p. 49-50) or simply, that it is
impossible for someone to consume a good. Important incentives to study
these features emerged due to deliberations about taxation, imposing pay-
ments for consumption, and the dilemma of whether governments or mar-
kets should manage the provision and maintenance of certain types of goods
(Samuelson, 1954; Musgrave, 1959; Buchanan, 1965). Another premise for
research in this domain was the overuse of common-pool resources and the
“Tragedy of the commons” (Hardin, 1968; Ostrom, 1990). In transport sys-
tems, rivalry and excludability can be analysed both in terms of accessibility
and the interactions between transport users and selected aspects of sustain-
able transport (e.g. transport externalities). Transport studies refer mostly to
the relations between different types of goods and the external effects of
transport (Blum, 1998, pp. 83-86; OECD, 2002a, pp. 62-66), the complexity
and management of urban transport systems (UN-Habitat, 2013, pp. 159-
161; Platje, 2012, pp. 45-47) or, the development of successful financial mod-
els that would support sustainable urban mobility (UN-Habitat, 2013, pp.
159-161). These studies present little discussion of the relationship between
the intensity of rivalry, the degree of excludability and transport behaviour.
On the other hand, factors shaping transport choices are widely discussed in
the literature (e.g. Grison et al., 2016, p. 288; Ramezani et al., 2018, pp. 1354-
1356; Tyrinopoulos, Antoniou, 2013, p. 28-30; Paradowska, 2014, pp. 264-
268). Similarly, there are many studies on instruments expected to promote
sustainable transport mode choices (e.g. Verhoef et al.,, 2009; Yan et al., 2019;
dell’Olio et al,, 2018; Pucher et al., 2010, 2016; Cattaneo et al,, 2018). Even
though most of these instruments lead to changes in the levels of rivalry and
excludability in transport systems, there are very few studies on the effects of
these changes on behaviour. This paper aims to fill this gap by investigating
the impact of changes in the levels of rivalry and excludability in transport
systems on transport mode choices. The analysis is based on the results of
empirical research conducted among transport users in the city of Wroctaw
(Poland). It is based on three research questions:
¢ What important changes took place in the transport system?
¢ What was the impact of these changes on the intensity of rivalry and the

degree of excludability in transport system access for different transport

users?
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o Were there changes in transport choices as a result of modifications of
the intensity of rivalry and excludability?

Literature overview

The discussion about classification of goods can be traced back to Samu-
elson (1954), Musgrave (1959, p. 162), Hardin (1968) and Ostrom (1990)
where, depending on the intensity of rivalry and excludability, several basic
types of goods can be distinguished. Ostrom (2010, p. 4) indicated that rivalry
and excludability cannot be considered “present or absent”, as they funda-
mentally indicate different levels (from low to high). This debate about rivalry
and excludability has vital consequences for analysis of transport systems.
Applying a complex approach, a transport system can be considered a club
good, a congestion good (Platje, 2012, p. 46), or a public good (UN-Habitat,
2013, p. 162). In fact, different elements of transport systems have features
of different types of goods and are characterised by different levels of rivalry
and excludability (Blum, 1998; Platje, 2012). The degree of intensity of rivalry
is moreover, strictly related to the capacity of transport systems and their
number of users. Usually, the higher the number of transport users, the
higher the intensity of rivalry and the greater probability of congestion
(Platje, 2012; Blum, 1998, p. 83). Rivalry can take place between the same or
different types of transport users and can lead to their (partial) exclusion.
Moreover, exclusion can take place due to insufficient infrastructure or trans-
port offers as the intensity of exclusion is strictly related to the accessibility
of different transport modes, and as a consequence, available transport
choices (e.g. Wulfhorst et al., 2017; Rode and Floater, 2014; Geurs et al,,
2010). Levels of rivalry and excludability in transport systems are significant,
among others in terms of the socio-economic role of transport (e.g. Blum,
1998; Platje, 2014; Platje. et al., 2017; Wang et al., 2018), the discussion
about various tasks of private and public sectors in the provision and main-
tenance of elements of transport systems (e.g. Amos, 2004; Roumboutsos,
2015), and successful management of transport systems that would support
sustainable development (e.g. Platje, 2014; Platje. et al., 2017; Paradowska,
2011; Richardson, 2005; OECD, 2002b). In this context, the overall demand
for transport and transport mode choices play a fundamental role, because,
due to negative transport externalities, the popularity and attractiveness of
road transportation contributes to a large extent to unsustainable develop-
ment (e.g. Geels et al.,, 2011; Trela, 2017, p. 157; Paradowska, 2017, p. 22).
For this reason, factors influencing transport mode choices, especially a shift
from cars towards sustainable means of transport, are widely discussed in
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literature. Results of previous studies reveal that there are several groups of
factors which are decisive for transport choices (Grison et al., 2016, p. 288;
Ramezani et al, 2018, pp. 1354-1356; Paradowska, 2014, pp. 264-268;
Schwanen, Lucas, 2011; Schneider, 2011):

¢ attributes of transport modes and personal criteria (e.g. Litman, 2008;

Hess et al,, 2005; Chee, Fernandez, 2013),
¢ the built environment and spatial planning (e.g. Ramezani et al,, 2018;

Scheepers et al,, 2016; Ye, Titheridge, 2017; Christiansen et al,, 2016),

+ the situation-specific context (e.g. De Jong and Van de Riet, 2008; De Vos

etal, 2016),
¢ psychological factors such as attitudes and habits (e.g. Setiawan et al,

2015; Outwater et al,, 2003; Kuppam et al., 1999; Popuri et al,, 2011;

De Vos et al., 2013),
¢ demographic characteristics (e.g. De Vos J. et al., 2016; Chee, Fernandez,

2013).

Another direction of research focus on the examination of policy instru-
ments and their impact on sustainable transport choices. These include road
pricing (Cornagoi et al., 2019; Verhoef et al,, 2009; Anas, Lindsey, 2011), or
the use of parking policy (Yan et al., 2019; dell’Olio et al.,, 2018; Barata et al,,
2011; Bos et al,, 2004; Delmelle, Delmelle, 2012). Tools supporting cycling in
cities were discussed by Winters et al. (2011), Pucher et al. (2010) and
Pucher, Buehler (2016). Extensive research exists on the impact of many
othersustainabletransportinstruments (e.g. Mayes etal., 1996; Bachand-Mar-
leau et al., 2011; Standing, 2019; Meijer et al,, 2017; Kopp et al., 2015; Catta-
neo etal.,, 2018, pp. 960-962; Hiselius, Rosqvist, 2016; Stead, 2013; Ajanovic,
Haas, 2016; Trela, 2017).

Instruments of transport policy are usually aimed at the reduction of
rivalry between drivers and other transport users, with the ultimate goal of
the purposeful exclusion of cars. Some tools are aimed at reducing exclusion
as perceived by potential public transport passengers, cyclists and pedestri-
ans. However, there are no direct studies on how changes in rivalry and
excludability resulting from such instruments shape transport choices. More-
over, researchers mostly focus on the effects of particular solutions, whereas
many transport systems, especially in urban areas, are constantly changing
organisms. Thus, transport users face many transformations at the same
time where reactions to some changes can be stronger than to others. In
addition, different investments can have different effects on levels of rivalry
and excludability which can then be analysed from the perspective of system
dynamics in transportation (Sterman, 2000; Armah et al., 2010).

This paper aims therefore at filling this gap. The study presented has
some limitations. Firstly, the focus is on improvements in different types of
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transport infrastructure and in traffic organisation, because for most users
these changes are easy to observe and to experience. Secondly, as the devel-
opment of walking, cycling and public infrastructure is important for sustain-
able urban mobility (e.g. European Commission, 2017), the research does not
take into consideration (“so called”) soft measures or sophisticated techno-
logical changes. Thirdly, this is a case study based on just one city in Poland.
Finally, due to sample size and respondents’ characteristics, the findings can-
not be generalised to the whole population and further research should be
developed and conducted to study the reactions of transport users in differ-
ent cities and under different circumstances.

Research methods

Preliminary survey research was conducted in May-July 2018 among
transport users in Wroctaw to ascertain changes in the transport systems
that were considered most important for respondents, to investigate per-
ceived intensity of rivalry and degree excludability and their transport behav-
iour resulting from these changes. The survey questionnaire consisted of
three parts linked to the research questions presented above:
¢ changes in the transport system significant for transport users,

* impact of these changes on levels of rivalry and excludability,
e transport behaviour of respondents.

The transport system in Wroctaw was selected for several reasons.
Wroctaw is a dynamically developing city (Ksiazek, Suszczewicz, 2017) that
is the fourth largest city in Poland. Moreover, despite a well organised public
transport system and investments in solutions supporting sustainable trans-
portation (Topolska, Topolski, 2015; Molecki, 2017; City Council of Wroclaw,
2015, 2016; Official website of Wroctaw), the city is challenged by a high
motorisation rate and high levels of congestion (Kaminska, Chalfen, 2017;
Deloitte, Targeo, 2015). In Wroctaw, there were 877 motorised vehicles reg-
istered per 1000 inhabitants and 551 738 registered vehicles in total. Based
on these two indicators, Wroctaw has the second largest vehicle usage in
Poland, just after Warsaw, the capital of the country (Zesp6t Doradcéw Gosp-
odarczych Tor, Polska Organizacja Branzy Parkingowej, 2017, p. 11). High
intensity of car usage is accompanied by negative transport externalities
(Hottra, Zamorska-Wojdyta, 2018; Kozlak, 2015).

The survey questionnaire was made available in printed and in online
versions. and the participants were requested to forward the questionnaire
to other respondents. The survey was distributed among groups with differ-
ent characteristics in terms of gender and age. Despite the snowball-sam-
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pling, 248 completed questionnaires were received. Thus, the sample can
only be considered as an experimental group for preliminary research. The
analysis was based on the comparison of shares of answers.

Results

There were 47.18% female and 52.82% male respondents in the sample
with young transport users being more likely to complete the questionnaire.
The 21-25 age-group accounted for 51.61% of responses, and the 26-30 age-
group for 14.92%. There were only 2 questionnaires completed by respond-
ents aged less than 21. The shares of other age groups were as follows: 31-35
- 6.8%, 36-40 - 9.7, 41-45 - 5.34%, 46-50 - 0.97%, 51-55 - 1.46%, 56-60 -
2.43%,61-65-2.91%, 66-70 - 0.49% and 71-80 - 1.46%. About two-third of
the questionnaires were completed by people living in Wroctaw, and one
third by people living outside of the city. 47.99% of respondents were stu-
dents, 46.77% working people and only 4% were pensioners. This unrepre-
sentative distribution of respondents’ is another reason to consider the sam-
ple just as an experimental group.

The majority (76.2%) of all respondents experienced significant changes
in the transport system, whereas, 6.85% indicated: “It's hard to say”. Both
these groups, however, were requested to indicate what changes were the
most important for them. Multiple answers were possible as transport
investments often embrace many simultaneous changes (e.g. in public trans-
port and cycling infrastructure). Table 1 presents combinations of changes
experienced by respondents and their impact on the use of different means
of transport. The five main changes identified referred to (1) road and (2)
public transport infrastructure, (3) traffic organisation, (4) walking and (5)
cycling infrastructure. Almost two thirds (62.14%) of all respondents per-
ceived and experienced at least one change in the transport system whereas,
for 37.86% of respondents, the most important changes comprised combina-
tions of different solutions. Basically, modifications in the transport system
had a positive impact on the use of all means of transport (table 1). In par-
ticular, travelling by public transport and by car became more attractive. Lev-
els of excludability did not change significantly. Nearly 17.5% respondents
claimed that it was impossible to use some means of transport after the
transport investments (table 2). Higher levels of exclusion were identified
mainly in the use of cars (45.95% of all cases of exclusion).
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Table 1. Impact of changes in the transport system on the use of different means of transport

The most important changes identified by respondents: Answers Impact on the use of cars [%]
g B¢ @ @ @ c
T £E SE 2B £ £5% : g o 2 s
EE ZE &E =E = s & 2 = 2 < & 2
X 53 25.73 1132 377 79.25 566
X 26 12.62 1923 3846  30.77 11.54
X 21 1019  52.38 2857 1905 0
X 15 7.28 1333  46.67 3333 6.67
X 13 6.31 30.77 2308 2308  23.08
X X X 10 4.85 0 10 90 0
X X 8 3.88 375 0 62.5 0
X X 6 291 0 1667 8333 0
X X 5 243 0 40 40 20
Other 28 combinations 49 23.79 37.458 117 44.36 6.48111
TOTAL 206 100 2476 1845 5049 631

Source: author's own work based on the survey research

Table 2. Impact of changes in the transport system on exclusion of means of transport

The most important changes identified by respondents:

Exclusion of some means of
transport [%]

Excluded means of
transport [%]

- 5 -
s £2 o2 o3 = 3 &
€ E £E OSQE =E = =5 2 L = 8 3
X 21.36 1.46 2.91 8.11 16.22
X 12.62 0.00 0.00 0.00 0.00
X 5.83 3.40 0.97 16.22 8.11
X 6.80 0.49 0.00 0.00 2.70
4.37 0.97 0.97 8.11 2.70
X X 4.85 0.00 0.00 0.00 0.00
X X 291 0.49 0.49 2.70 2.70
X X 2.91 0.00 0.00 0.00 0.00
X X 1.94 0.49 0.00 0.00 2.70
Other 28 combinations 18.45 2.43 2.91 10.81 18.92
TOTAL 82.04 9.71 8.25 45.95 54.05

Source: author's own work based on the survey research.
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Table 3 presents changes in the intensity of rivalry caused by drivers and
the users of means of transport other than cars. On average, transport invest-
ments did not impact nor lead to less difficulties for cyclists, pedestrians and
public transport vehicles due to car drivers. However, the impact of drivers
evolved in two opposite directions. Similar shares of respondents claimed
there was a higher level (38.35%) and a lower level (38.15%) of rivalry by car
drivers with regard to users of more sustainable transport. Moreover, while
31.55% of respondents did not observe any changes in the mutual impact of
car users, 33.5% of changes resulted in a lower, and 29.61% in a higher inten-
sity of rivalry between car drivers. What is important, is that different types
of transport investments had different impact on levels of rivalry and exclud-
ability (tables 1, 2 and 3). Improvements in the road infrastructure devoted
to cars led to lower intensity of rivalry between all transport users, but some-
times caused exclusion of more sustainable transport modes whereas
changes in the public transport infrastructure had hardly any impact (either
on car driver or on users of sustainable transport). Modifications in the
organisation of traffic affected mostly drivers, in both rivalry and excludabil-
ity. Development of walking and cycling infrastructure resulted in lower lev-
els of rivalry between drivers, cyclists and pedestrians.

Main mean
of transport

Car; 40,29%

A change in the No change in the
transport transport
behaviour; 38,35% behaviour, 61,65%

Public transport; 14,56%

Cycling; 2,43%

Walking; 3,88%

Figure 1. Changes in transport choices resulting from modifications in the transport
system (shares of all respondents)

Source: author's own work based on the survey research.
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In effect, changes in the levels of rivalry and excludability had a fairly
weak impact on transport behaviour (figure 1) and the majority (61.65%) of
respondents did not change their main means of transport. Among this
group, more than 65.35% of respondents travelled mostly by car and 23.62%
by public transport (40.9% and 14.56% of all respondents respectively).

Of all respondents, 26.21% claimed they had chosen new means of trans-
port after a change in the transport system, whilst 12.14% were “not sure”.
Both these groups were asked to answer questions about the frequency of
use of new means of transport (table 4). The results showed that among
these group of respondents changes in the transport system turned out to
provide incentives to use “sometimes” (30.38%), “often” (27.43%) or “always”
(6.33%) a means of transport other than cars (11.6%, 10.6% and 2.4% of all
respondents respectively). Only 3.8% of respondents who changed their
transport behaviour definitively resigned from car use, 30.38% resigned
“sometimes” and 30.38% “often” (1%, 12% and 12% of all respondents
respectively). Lower intensity of rivalry caused by drivers did not cause a
significant switch to sustainable means of transport. Similarly, increased
exclusion of cars did not affect the overall use of cars. What is interesting is
that women were more likely to switch transport mode than men. Compared
to 35.45% of male respondents, 41.67% of female respondents agreed they
chose a new transport mode due to the modification in the transport system.
Similarly, respondents in the age groups 21-25 and 26-30, as well as respond-
ents aged more than 50 were more prone to change their transport behav-
iour (36.63% and 40% of respondents in these age groups respectively
decided to travel by a new mode of transport). This research did not focus on
the impact of earnings on mode choices.

Discussion

It can be argued that respondents associated changes in the transport
system based predominantly on their own experience. As most people sur-
veyed travelled by car and public transport, almost half of respondents indi-
cated that the most significant changes were related to road and public trans-
port infrastructure, and to traffic organisation. In addition, less than 40% of
respondents considered combined solutions as “important”.

These results give an insight into two basic problems. First, respondents
could neglect or be even unaware of changes significant for sustainable
transport development. This could be for many reasons, e.g. due to attitudes
and habits (such as car use habits), unwillingness to change transport behav-
iour (e.g. Setiawan et al.,, 2015; Thggersen, Mgller, 2008; Verplanken, Wood,
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2006) or insufficient information about transformations in the transport sys-
tem (de Abreu e Silva et al,, 2018; Meng et al., 2017). Second, transport policy
in Wroctaw aims at many improvements in road transportation (City Council
of Wroclaw, 2015, 2016). Thus, changes in public transport, walking and
cycling infrastructure that led to less intense rivalry with car drivers turned
out to be unsuccessful in terms of attracting new transport users. The reason
is that changes in road infrastructure result in lower rivalry between drivers
and increased attractiveness of travelling by car (e.g. Pfaffenbichler, 2011;
Shepherd, 2014). On one hand, investments in road infrastructure can sup-
port many goals of sustainable transport, e.g. reduced congestion (e.g. Bor-
jesson et al,, 2015), improved safety (e.g. Paradowska, 2016) and accessibil-
ity (e.g. Ford et al., 2015) leading to an increase in positive transport exter-
nalities (e.g. Platje et al., 2017). On the other, improved road capacity and
lower intensity of rivalry stimulate attractiveness of individual motorisation
compared to more sustainable means of transport. Thus, in the longer run,
cycling, walking and public transport may become less popular, and a higher
number of car drivers can again result in an intensification of external costs
and a reduction in external transport benefits (e.g. Sterman, 2000; Armah et
al,, 2010). For these reasons, decreased rivalry experienced by some respond-
ents can be a reason for unsustainable transport choices and unsustainable
transport development. Changes in the transport system should thus include
both, restrictions and impediments for car users and improvements and
facilitations for more sustainable transport users. These two directions of
sustainable transport policy would be in accordance to what Tolley (1996,
p. 213) calls the “simultaneous promotion of ‘green’ modes and the restraint
of ‘red’ modes”, due to the fact that people often prefer cars (e.g. Ellaway et al.,
2003). What seems vital is to enhance the capacity of sustainable transport/
infrastructure, while discouraging people from individual motorisation. Oth-
erwise, the intensity of rivalry in using public transport or cycling can lead to
congestion in these transport modes, making them less attractive.

Relatively weak reactions of respondents to changes in the levels of
rivalry and excludability can be explained by the strong impact of other fac-
tors influencing transport behaviour, especially habits and preferences
regarding use of cars (e.g. Setiawan et al., 2015; Schwanen et al,, 2012; Bous-
casse et al,, 2018), and the accessibility offered by different transport modes
(e.g. Ford et al., 2015; Wulfhorst et al., 2017; Rode, Floater, 2014). Therefore,
complex and coherent solutions within a sustainable transport policy should
be developed and introduced to cope with the problem of car domination in
cities (e.g. Cirianni et al,, 2018; Hickman et al.,, 2013; European Commission,
2017).
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Conclusions

This study examines the impact on sustainable transport choices of
changes in the levels of rivalry and excludability resulting from infrastruc-
tural changes in transport systems. The findings led to the following answers
to the research questions:
¢ The mostimportant changes in the transport system in Wroctaw involved

improvements in road infrastructure, public transport infrastructure and

traffic organisation.

¢ In general, modifications in the transport system led to decreased or
unchanged intensity of rivalry between transport users. However, the
perceived rivalry between car drivers was considered to change in two
contrary directions. There were few examples of exclusion, which affected
mostly car drivers.

* Lower intensity of rivalry did not have a large impact on transport behav-
iour. Although 38.35% of respondents changed their transport choices,
only 6.33% among this group always travelled by a sustainable mean of
transport and 3.8% always resigned from cars. In addition, car drivers
seemed to be more resistant to changes than other transport users.

The results have some implications for policy making that could lead to
changes in transport choices supporting the development of sustainable
urban transport. First, a complex assessment of all transport investments
should be conducted on a regular basis to estimate the direct and indirect
impact on levels of rivalry and excludability of various means of transport
and to avoid an increase in the attractiveness of individual motorisation. Sec-
ond, a de-intensification of rivalry and excludability experienced by users of
sustainable transport modes should be accompanied by higher intensity of
rivalry between car drivers with a (partial) exclusion of car users. Exclusion
of inappropriate driving behaviour (e.g. speeding or disobeying traffic rules)
should be better enforced to ensure improved road safety. Dissemination of
information about improvements in public transport and improvements in
walking and cycling infrastructure could assist public acceptance of car ban/
restriction policies, support sustainable transport choices and help to miti-
gate a decrease in positive transport externalities. A systems approach should
be developed and consequently applied to influence the multiple factors
which determine transport choices.
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Introduction

The process that involved changes taking place in the public conscious-
ness and science has made it impossible to precisely determine the emer-
gence of the concept of sustainable development. Even in the mid-twentieth
century, pollution of the environment was not seen as a serious problem for
the economy and society. However, progressive environmental pressure on
the environments resulted in the launching of activities to rationalize such
interference. Civilizational crisis in its social and economic aspect, as well as
changes in the perception of the surrounding world and moral considera-
tions became the genesis of the coming changes. First, environmental sustain-
ability was mentioned as economic development compatible with environ-
mental protection requirements, highlighting the ecological aspects thereof.
Then came the concept of sustainable development.

The best known definition of sustainable development was formulated
by the World Commission on Environment and Development established in
1992 and chaired by Gro Brundtland, then Prime Minister of Norway. In light
of this definition, development that meets the needs of the present without
depriving future generations of the possibility of such can be called sustaina-
ble (Report, 1991). Thus, the durability and sustainability of growth are
determined not only by short-term, but also intergenerational justice. The
definition comes down to meeting needs, or the area of the research interest
in economics. However, this concept primarily affects the development of
environmental policy, as its fundamental premise is such an economic activ-
ity that ensures resources and values of the environment remain in a condi-
tion that will make it possible for the next generations to use them in a sus-
tainable manner. This requires preserving the viability of the natural pro-
cesses and biodiversity at every level: species composition, ecosystem and
landscape. Therefore, if the concept of environmental sustainability under-
lines the environmental aspects of development, it is the concept of sustain-
able development that adds economic, social and spatial order to environ-
mental governance. Its essence is thus an equal treatment of the economic,
social and environmental factors (Gorka et al., 2001; Zylicz, 2008a). National
parks as protected areas with the highest status of protection bring together
individual elements contained in the Brundtland definition and the tasks
they perform are intended to satisfy the needs of the present generation,
without prejudice to subsequent generations. The article presents the imple-
mentation of the intergenerational justice postulate through a review of sus-
tainable development concepts and referring them to the statutory tasks and
functions performed by national parks.
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Statutory tasks and functions of national parks

Among all natural objects protected under the law, national parks enjoy
the highest rank of protection. The Act of April 16, 2004 on Nature Conserva-
tion (art. 8, paragraph. 1 and 2) defines a national park as a region distin-
guishing particular natural, scientific, social, cultural and educational area,
not smaller than 1,000 ha, protecting all nature and landscape values therein.
It is created to preserve biodiversity, resources, formations and elements of
inanimate nature and landscape values. Its purpose is maintaining the condi-
tion of natural resources and the restoration of distorted natural habitats,
plants, animals or fungi.

Originally, the most important tasks of national parks were nature con-
servation and conducting scientific studies of nature. Now, however, the
parks are acquiring new tasks that cause certain effects of economic and
social nature. Therefore, the main tasks of national parks in Poland include
(The Act of Nature Conservation, art. 8b paragraph. 1):
¢ maintaining protective action within the ecosystems of the national park,

aiming to achieve the purpose for which national parks were established,

and thus the preservation of biodiversity, resources, formations and ele-
ments of inanimate nature and landscape values, restoration of a proper
state of natural resources and the reconstruction of distorted natural
habitats, animals, plants, and fungi,

¢ provision of the national park’s area to other parties on terms specified
in the plan of protection or conservation tasks and ordinances of the
director of the national park,

¢ conducting activities related to the education about nature.

Each park has several functions, resulting both from the general needs of
nature conservation, but also from the natural phenomena characterizing
that specific entity. There are 6 functions specific to each national park:

The protective function, which consists in securing and documenting the
biodiversity of the country. The most important issue is the protection of the
largest possible collection of fauna and flora-containing the largest possible
pool of genes of animated nature-and the preservation of the remains of pri-
mary and natural biocenoses, on top of semi-natural ecological communities
existing at present. The protection also includes a variety of natural struc-
tures and their spatial layouts, not only natural, but also those that emerged
as a result of long-term management and showing the culture of the nation.
The parks are also gene banks, which serve as a source of genetic material for
growing valuable plants and breeding rare animals or their local breeds and
varieties.
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The educational function, i.e., keeping a library and a natural museum, a
scientific and popular publishing entity, but also the creation and mainte-
nance of educational nature trails. The park, in order to be able to perform
this function properly, must be adapted to it in terms of organization, staffing
and facilities.

The scientific function, which involves carrying out research activities. It
ensured the protection of animate and inanimate nature, which is or will be
the subject of research. The protected object become an indispensable work-
shop for scientific work, allowing one to conduct research without interfer-
ence caused by exposure to exploitation, and their number is constantly
increasing.

The economic function permitting the use of objects created for nature
conservation for economic purposes, for example. the acquisition of wood
raw material from ongoing conservation measures or paid entry to national
parks.

The tourist function is implemented by sharing specific sites and hiking
trails for exploration and recreation in the form of hiking, biking, water sports
or skiing. Due to the unique landscape and natural value, these areas are
extremely attractive for tourists.

The cultural and historical function supports the local architectural style,
regional clothing, the care of national memorial sites and other historically
important places (Lubczynski, 1999).

Intergenerational justice vs. the tasks and functions
of national parks

The concept of sustainable development includes three groups of opin-
ions: ecocentric, focused on the primacy of the principles of nature protection
and its survival in every field of human activity, moderately anthropocentric,
and therefore also ones assuming such a economic activity that would main-
tain the integrity of economic and non-economic environmental resources,
and radically anthropocentric, continuing the neoclassical growth theory
model adjusted for ecological conditions. The Brundtland definition corre-
sponds with the balanced, moderately anthropocentric approach. According
to it, development is sustainable when there is a balance between the objec-
tives of protecting the environment, preserving natural resources for future
generations, and social objectives, while maintaining the socio-economic
development and quality of life.

Socio-economic development, however, involves the depletion of non-re-
newable resources, so it seems that there is a contradiction here with the
postulate of sustainability of the natural capital in the name of intergenera-
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tional justice. In theory, therefore, the criterion of substitution between nat-
ural and anthropogenic capital is taken into consideration and definitions
connected with a strengthening of the principle of the durability of the capi-
tal are distinguished. Thus, weak, sensitive, strong and restrictive principles of
the sustainability of natural capital are listed. The weak principle of capital
sustainability approves of the full possibility of substituting natural capital
by another type of capital: human, social or anthropogenic. According to the
sensitive principle of sustainability, maintaining the total capital, as well as
the stability of its structure is equally important. It is thus possible to substi-
tute capital only within its scope. The strong principle of sustainability is
based on the preservation of all kinds of capital, both qualitatively and quan-
titatively, excluding substitution, even within the particular type of capital.
The restrictive concept of natural capital sustainability, which is the most
radical example of the strong sustainability principle, excludes any compen-
sation of natural capital for any other type of anthropogenic capital, which in
relation to the economy as a whole is not only impossible, but rather point-
less (and probably mentioned only for educational purposes).

Currently, the first principle, that is, the weak durability of sustainable
development, according to which the current generations compensate for the
losses in capital due to the reduction of natural resources by increasing
investment in anthropogenic capital is of particular importance in economic
and environmental policies (Fiedor, 2002). However, with regard to the activ-
ities of national parks, which are enclaves of biodiversity, at least a strong
principle of sustainability is the most justified. The aim of the national parks
in Poland, by far, is not an optimal use thereof, but the preservation of natural
resources. For national parks, the most important natural resources and the
most effective ways to protect them are a priority. A large part of the resources
of the national parks can be classified as non-renewable resources, but it
does not mean having to completely abandon their exploitation. They should
be used in such a way that does not lead to irreversible changes in ecosys-
tems, which changes could affect their quality for future generations.

Simply put, within certain limits, one type of capital loss can be compen-
sated by an increase in the other. However, the different types of resources
are not substitutes for each other in an unlimited manner, and above all, the
scarcity of natural capital is felt acutely, though, of course, for the proper
functioning of the economy, each type of capital (including man-made) is
needed. This restriction in substitution is an argument against the weak sus-
tainability principle. The next generation can and will inherit the whole pot
of the capital, but if its structure will be depleted of its most desirable compo-
nent which will be replaced with one of less value, the entire value will
decrease too. Who and how might be able to assess biodiversity and land-
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scape according to the preferences of the future? It is therefore difficult to
use weak sustainability to justify the demand for equal opportunities for the
next generations, which is the foundation for the concept of sustainable
development.

Similarly problematic is the demand for strong sustainability when one
type of capital cannot be replaced by another. The natural capital itself is
composed of renewable resources, which can be exploited at the rate of their
renewal without prejudice to future generations and non-renewable
resources (Zylicz, 2008b). The use of the latter excludes the strong sustaina-
bility principle, and at the present level of civilization, resigning from their
exploitation is at least an unlikely scenario. Of course, strong sustainability
can be implemented in protected areas, especially where the protection is
strict, but not in the whole economy.

In the context of intergenerational justice, one refers to the concept of
John Rawls, first used by Talbot Page, whereby representatives of different
generations meet to decide on the distribution of wealth between them
(Rawls, 1971). However, they have no knowledge about which generation
they belong to, and no one is favored. They act from behind the veil of igno-
rance. The only division that gives everyone an equal opportunity is one
where no generation lives at the expense of the other. Rawls’ concept is some-
thing of a philosophical groundwork for the concept of sustainable develop-
ment. David Pearce, who is the author of the most famous philosophical
stance on sustainable development, interpreted the principle even deeper.
He distinguished three elements: intragenerational justice, intergenerational
justice, and justice for non-human species.

Intragenerational justice is associated with a reduction in disparities
between the rich North and the poor South, poverty eradication, provision of
health care for all people, providing opportunities for intellectual growth and
cessation of war, hatred, terrorism and domination of some nations over oth-
ers, as well as the protection of cultural diversity. Intergenerational equity is
the need to preserve the natural capital for future generations through effi-
cient management of natural resources, using the potential of nature only
partially, maintaining a dynamic balance of ecosystems and resource recircu-
lation. This issue justifies the Polish translation of Sustainable Development
as enduring development.

Justice to nonhuman species is to provide and maintain an ecological bal-
ance so that other species could survive in decent conditions (Pearce, 1988).
Intergenerational equity and justice to nonhuman beings are basically the
reason for the existence of nature conservation areas and national parks.
They are appointed, after all, so that the next generations could also see the
unique sceneries and specimens of animate and inanimate nature. Without
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nature conservation, many species of flora and fauna would have been
already considered extinct, and the maintenance of biodiversity would be
extremely difficult. Meanwhile, thanks to appropriate treatment, species and
populations are being restored, eg. the European bison or the increasing
number of the Tatra chamois.

On the basis of the theory by John Rawls (which is difficult to include as
an economic theory, since it uses the term usability and discounts), equity
can be achieved as a hypothetical contract between generations, but without
faith in a practical chance of its implementation. In economics, intergenera-
tional justice or equality of opportunity for all generations can be included in
the economic analysis, but this cannot be achieved except through the adop-
tion of arbitrary assumptions (Zylicz, 2013).

The contradiction between the traditional analysis based on the recogni-
tion of constant discounting due to the passage of time and the need to ensure
sustainable development, drew the economists’ interest in the models of
overlapping generations. In these models, intergenerational optimization is
achieved by considering three periods of life of the consumer: pre-decision -
if decisions on are taken by the previous generation on their behalf, deci-
sion-making: when the consumer takes decisions for themselves and the
pre-decision generations, and post-decision - where the consumer adjusts to
the decisions of the next generation, and bears the consequences of decisions
taken in previous periods. It is assumed that the consumer adopts an altruis-
tic attitude towards their children, so values are not discounted in the next
generation. Then, durable development is the result of rational decisions
(Zylicz, 2004). Thus, intergenerational justice is the resignation, by the cur-
rent generation, from the best meeting of their needs in favor of the next
generation’s needs. The establishment of the UN Sustainable Development
Goals (SDGs) in 2015 only shows the need to implement this concept to
achieve better standards for people, institutions, and the environment. But
the basic question remains — will it ensure wellbeing not only for near future
people but also for more distant generations (Oliveira, 2018). Economics,
which is the science of verifying theses by means of empirical research, at the
present state of scientific knowledge, cannot provide a clear and objective
estimate of the preferences of future generations. Although theories of inter-
generational justice conceptualise the obligations of current generation may
have to future generations it is still based mostly on ethics (Sanklecha, 2017).
Nevertheless, the concept of sustainable development is accepted and begins
to be reflected in the environmental policy, and political goals in general.

In the case of national parks, the matter is much simpler, as these areas
protect biodiversity and landscape values for the sake of now living and
future generations and from their intervention. Each of the functions per-
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formed by national parks can be looked at through the prism of sustainable
development. The protective, scientific, educational, cultural and historical
functions do not raise doubts as to the realization of the postulate of justice
between generations. Meanwhile, one can look at the other two functions:
tourist/leisure and economic from a different perspective, in particular on
the forest management.

National parks in Poland are forest areas, so they also achieve revenues
from timber sales. The wood for sale does not come from forestry as under-
stood by the State Forests. It is wood harvested e.g. after the occurrence of
hurricane winds and during active protection. Forests can be protected in
two ways, either by the abandonment of any action, or actively, by aiming to
restore the original form of the areas previously changed by the human spe-
cies. After the annexations and wars in Poland, forests was in poor condition.
The forests were plundered by the occupiers, destroyed, ravaged during the
world wars and overexploited. To restore the Polish forest resources, spruce
trees were mass-planted in mountainous areas and pines in the rest of the
country. The result are monoculture forests, forest stands comprising of trees
in the same age, vulnerable to the winds and pests. In the mountain areas,
stands with an admixture of fir, beech, and sycamore, which are deeper-
rooted trees, should prevail. In the commercial forests, the economic goal is a
healthy forest, which will provide a lot of good quality wood. In national
parks, forest management is a more complicated. Deciding on the reconstruc-
tion of a stand in the national park, the naturally occurring processes are
used, but also one should examine whether it will not be in opposition to
other protective purposes. In some national parks, on nearly half of the active
area of conservation, it is planned to carry out reconstruction of the tree
stands to restore proper habitats. This means reducing the share of spruce in
the stands in favor of fir and beech, which means returning to the species
composition which is appropriate for the particular area. However, voices are
raised saying that the reconstruction of the forest stands is a way to rescue
the budget (Loch, 2013). These actions will be evaluated only by the next
generations.

The statutory duty of the national park is making its area available for
exploration. For this purpose, they maintain hiking trails and the necessary
infrastructure (hostels, shelters, campsites), and sanitary facilities. Tourism
is not only a source of income for national parks and the local population, but
also a serious threat to the health of the nature sites. In 2017, the national
parks were visited by nearly 13.3 million people, which means nearly 1.7
thousand people per ha (GUS, 2018). That is a lot. Tourists leave their money
in the park, which works to the benefit of its business activities and finances
the fulfillment of the tasks laid down by law, but also the large number of
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visitors in a protected area exposes it damage, and even devastation of the
natural resources of such areas. It is very difficult to manage tourist traffic in
national parks, especially in the most crowded ones. Despite channeling
tourist traffic by creating a network of hiking trails, too much traffic still
threatens nature. Tourists have often quite low ecological culture, not know-
ing how to behave in national parks. Picking plants, destroying the bark of
trees, breaking branches, straying from the designated trails, which e.g.
launches erosion processes, littering, relieving their physiological needs out-
side places designated for this purpose, making excessive noise, feeding ani-
mals, air pollution, violations of prohibitions related to the strict protection,
and leaving inscriptions on natural objects are only some examples of the
misconduct of tourists in national parks. It happens that the tourist impact
on nature does not directly affect its degradation and is not observable with-
out conducting specialized studies, but it may, for example, reduce the pos-
sibility of nesting for certain species of birds.

National parks are extremely attractive for tourists. If, however, they
remain overburdened by excessive tourist traffic in relation to their capacity,
it can lead to environmental degradation of the areas and as a result to the
need to close the trails, and ultimately to reduce the share of revenues from
tourism. Following the development of the idea of sustainable development,
the notion of sustainable tourism, or responsible tourism arose (it applies to
tourist traffic, as in the case of tourism as a sector of the economy, we can talk
about sustainable tourism). This is quite a general concept, and the only cri-
terion for qualifying a particular form of tourism as sustainable is the com-
patibility of its development with the principles of sustainability, and there-
fore a compromise between the needs and expectations of tourists, adapta-
tion of infrastructure to different forms of tourism and the economic interests
of the local communities, on top of the protection of wildlife and the general
environment while preserving natural resources for future generations. Sim-
ilarly as in the theory of sustainable development, integration of social, eco-
nomic, environmental and spatial planning orders is necessary.

One of the most frequently quoted definitions of sustainable tourism is
the definition developed in 1995 by the World Travel and Tourism Council
(WTTC) with the World Tourism Organization (WTO) together with the
Council of the Earth, contained in Agenda 21 for Travel and Tourism Industry,
based on the decisions of the Rio summit. Sustainable tourism combines the
needs of tourists and the reception regions, while maintaining the ability to
satisfy those needs in the future. It manages the resources in such a way as to
maintain cultural distinctiveness, ecological processes, biodiversity and vital
processes and to meet aesthetic, economic and social needs (Agenda 21,
1997). In turn, the Federation of National Parks and Nature Reserves in
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Europe (EUROPARC) produced a definition, according to which sustainability
is any form of tourism development, area management and tourist activity
supporting ecological, economic and social integrity of the area and preserv-
ing cultural resources and natural resources of these areas unchanged for the
next generations (Kurek, 2003).

Conclusions

It follows from the definitions that using the principles of sustainable
development in relation to tourism in national parks, the most important
item is that tourism do not contribute to the destruction of nature, and that it
promotes and protects the cultural values of the region. Tourism as part of
the regional economy should not also be troublesome for residents. That is
why the local community is engaged in the development and support of tour-
ism. Tourism in protected areas requires constant monitoring to prevent
damage to nature. In addition, tourist traffic must be supported by educa-
tional activities conducted among residents and tourists alike. National parks
fulfill the requirements of this last task perfectly, engaging in educational
activities focused on both the population living in municipalities adjacent to
the national park, various interest groups operating in the area of the park,
and the tourists. Educational activities, as of today, are the only weapon of
national parks in the struggle for educated, non-harmful tourist. In fact, limit-
ing access to the park admittedly could be implemented, but it would be
extremely difficult, not only due to the fact that the national parks are a pub-
lic good, and therefore excluding anyone would be difficult or even impossi-
ble, but also because of the technical and staffing limitations. All that remains
is the question of who and how would ensure that these limitations are
observed. Therefore, education is by far the best and basically the only tool
that allows the operation of national parks in the spirit of sustainable devel-
opment for the benefit of nature and leaving it in excellent condition for
future generations.
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Introduction

Environmental economics is a relatively young science, still in its devel-
opment phase. It is a response to the need to expand knowledge and aware-
ness of societies both with respect to the negative environmental impact of
human activity aimed at achieving growth and economic development as
well as to the possibility of limiting that negative impact. Higher education
institutions, as institutions whose one of the main functions, beside conduct-
ing research, is teaching activity, should actively support this task by intro-
ducing into their education programmes courses directly related to sustaina-
ble development.

An individual well-educated in the area of sustainable development
should master the art of understanding mutual interrelations and relation-
ships: “environment-society”, “environment-economy”, “economy-society”
(Kietczewski, Poskrobko, 2009, p. 239). Thus, it is not just a narrow scope of
knowledge whose mastering will allow one to become a specialist in this
field, but an extensive discipline of science that is based in economics, taking
into account not only environmental issues, but also economic and social
ones.

That is why, despite that enterprises implementing the basic rules of sus-
tainable development can (and even should) educate their customers with
regard to pro-environmental behaviour (Michalik, 2016, p. 21-32), there can
be no doubt that the main educational burden falls on universities. They have
to educate people who will build those enterprise development strategies
which are sustainable from the environmental viewpoint. Similarly, no other
institutions but the universities have to form a conviction in a portion of soci-
ety about the legitimacy of the sustainable development paradigm so that
more and more entrepreneurs, even without restrictions resulting from
administrative regulations, operate in line with those rules.

There is, therefore, no doubt as to the need that universities have to teach
in the field of environmental protection and sustainable development. What
is even more, the Decade of Sustainable Development Education was
announced in 2005. Its aim was to make fundamental changes in the educa-
tion system that involved consistent inclusion of the new paradigm of devel-
opment in educational materials and forms (Borys, 2010, p. 60) - sustainable
development. Nevertheless, there are still doubts as to when it is necessary
to decide in what way, to what extent and as part of what majors this educa-
tion is to be pursued. It follows from the above that, even though progress in
sustainable development education in Poland is visible, there is no compre-
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hensive vision of such education as part of the higher education system
(Lorek, 2013, p. 25).

Such an unclear situation, combined with the obvious need to teach in
the field of sustainable development, made the author carry out an analysis
of the teaching offer of the best Polish universities with respect to this subject
matter.

Description of the method of conducting research
and assumptions adopted in its performance

Curricula of the nine best Polish universities were analysed. They were
selected on the basis of the Times Higher Education 2018 ranking and were
as follows:

1) University of Warsaw (UW),

2) AGH University of Science and Technology in Cracow (AGH),
3) Jagiellonian University (UJ),

4) Warsaw University of Technology (PW),

5) Adam Mickiewicz University in Poznan (UAM),

6) Gdansk University of Technology (PG),

7) Nicolaus Copernicus University in Torun (UMK),

8) University of Silesia (US),

9) University of Wroclaw (UWTr).

The teaching offer of each university was analysed from the viewpoint of
a studies applicant who makes a decision on the choice of their field of educa-
tion on the basis of generally available information. That is why curricula
published on the websites of the universities and/or faculties of a given uni-
versity underwent analysis. In the case of each university, an analysis was
conducted on whether it had a faculty focused on environmental protection.
[t was assumed that “focus on environmental protection” of a given faculty
was expressed by a university by giving the faculty a name that suggested it.
If the analysis showed that it had been the case, then the number of such
faculties at a given university was determined. In the next step, it was anal-
ysed whether there were majors at a given university (at any faculty) where
the education programme concerned mainly environmental protection. It
was assumed that the programme of given studies concerned mainly envi-
ronmental protection if a given major had a name that suggested it. If the
analysis showed that it had been the case, then their number was determined,
counting undergraduate and graduate studies as part of the same major sep-
arately. The next step was an analysis of all other majors in terms of occur-
rence of courses related to environmental protection or sustainable develop-
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ment in their programmes. Whether or not a given course included material
related to environmental protection or sustainable development was deter-
mined on the basis of its syllabus. If the analysis showed that there were such
courses, then the number of majors at a given university was determined, as
part of which courses related to environmental protection and/or sustain-
able development (including separately undergraduate and postgraduate
studies as part of the same major) were taught. For each major, for which the
analysis showed that there were such courses (separately for undergraduate
and graduate studies if it was the case for both cycles), the number of such
courses and the total number of ECTS points allocated to them were deter-
mined.

In a situation when there were inter-faculty studies at a given university,
focused mainly on environmental protection, or studies that had majors
where courses related to environmental protection were taught, such studies
were included in the number of faculties focused on environmental protec-
tion, the majors having been included in the appropriate category: majors
where the programme concerned mainly environmental protection or majors
where the programme had courses related to environmental protection and/
or sustainable development.

Results of the conducted research

Among the nine analysed universities, there are seven with faculties
focused on environmental protection, which has been shown in table 1.

The AGH University of Science and Technology in Cracow, the University
of Wroclaw and the University of Silesia have the most faculties focused on
environmental protection (2 each). In the case of the University of Silesia and
the University of Wroclaw, one of the faculties at each of them is one offering
inter-faculty studies in environmental protection, which results from the
methodology adopted in this study. The situation is similar at the University
of Warsaw, although inter-faculty studies constitute in this case the only unit
focused on environmental protection.

The Jagiellonian University or Adam Mickiewicz University in Poznan do
not have any faculties focused on environmental protection which does not
mean, however, that those universities do not provide education in this field.
Those universities, similarly to the other analysed ones, offer majors where
the programme concerns primarily environmental protection, which has
been shown in table 2.
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Table 1. Names of faculties focused on environmental protection and their number

at individual universities*

Number of faculties

Item N Name of faculty focused on environmen- .
University name . focused on environ-
No. tal protection .
mental protection
1 University of Warsaw Inter-fapulty Studies in Environmental 1
Protection
Faculty of Geology, Geophysics
) AGH University of Science and Environmental Protection )
and Technology in Cracow Faculty of Mining Surveying
and Environmental Engineering
3 Jagiellonian University 0
Warsaw University Faculty of Building Services, Hydro
4 ; i 1
of Technology and Environmental Engineering
5 Adam Mickiewicz University 0
in Poznan
6 Gdansk University Faculty of Civil and Environmental Engi- 1
of Technology neering
7 Nicolaus Copernicus University  Faculty of Biology and Environmental 1
in Torun Protection
Faculty of Biology and Environmental
o o Protection
8 University of Silesia - 2
Inter-faculty Studies in Environmental
Protection
Faculty of Earth Sciences and Environmen-
o tal Management
9 University of Wroclaw 2

Inter-faculty Institute of Environmental

Protection

* the order of the individual universities in the table results from the order in the Times Higher Education 2018

ranking
Source: the author's own work based on syllabuses of individual universities.
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Table 2. Names of majors where the curriculum concerns primarily environmental
protection and their number at individual universities*

Name of major Number of courses  Total number of ECTS
A Name of faculty where the programme related to environ- points for courses related
Item  University . L . .
where the major concerns primarily mental protection to environmental protec-
No.  name : . . . .
is offered environmental and/or sustainable tion and/or sustainable
protection development development
Environmental
Protection, 9 43
) undergraduate studies
Faculty of Biology )
Environmental
Protection, graduate 3 13
o studies
University
of Warsaw Inter-facglty (Faculty Environmental
of Chemistry, Faculty
. Management, 17 62
of Biology, Faculty ,
undergraduate studies
of Management)
Inter-faculty Studies  Environmental
in Environmental Protection, 20 49
Protection undergraduate studies
Eco-friendly Energy
Sources, undergraduate 24 76
studies
Eae%uﬁygifgﬁfgy’ Environmental
Phy Protection, 30 94
Environmental ;
X undergraduate studies
Protection
Environmental
Engineering, 20 53
undergraduate studies
AGH
University of Environmental
2 Science and Faculty of Mining Engineering, 14 57
Technology Surveying and undergraduate studies
in Cracow -
Environmental Environmental
Engineering Engineering, n 40
graduate studies
- Environmental
i I .
9 9 undergraduate studies
Renewable Energy and
Faculty of Energy Energy Management, 7 20
and Fuels

undergraduate studies
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Faculty of Biology

Jagiellonian

Ecology and Evolution
(in English), graduate
studies

55

Natural Resources
Management, graduate
studies

29

University

Faculty of Chemistry

Environmental
Protection,
undergraduate studies

47

Environmental
Protection, graduate
studies

27

4

Faculty of Civil
Engineering,
Mechanics and
Petrochemistry
in Plock

Environmental
Engineering,
undergraduate studies

40

Warsaw
University of

Technology  Facyity of Building

Services, Hydro and
Environmental
Engineering

Environmental
Engineering,
undergraduate studies

70

Environmental
Protection,
undergraduate studies

23

89

Environmental
Engineering,
graduate studies

26

Environmental Protec-
tion, graduate studies

35

Faculty of Biology

Adam Mickie-
wicz Univer-
sity in
Poznan.

Nature Protection and
Environmental and
Forest Education,
graduate studies

44

Environmental
Protection,
undergraduate studies

52

Environmental Protec-
tion, graduate studies

22

Environmental Protection
(in English)

44

Faculty
of Geography

Environmental
Management,
undergraduate studies

45

Environmental
Management,
undergraduate studies

28
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Green Technologies and

Monitoring (in English), 10 38
undergraduate studies
Green Technologies and
Monitoring (in English), 9 32
. graduate studies
Faculty of Chemistry .
Green Technologies
Gdansk and Monitoring, 15 53
6 University of undergraduate studies
Technology Green Technologies and
Monitoring, graduate 7 25
studies
Environmental
Faculty of Civiland ~ ENgineering, , 10 3
Environmental undergraduate studies
Engineering Environmental Engineer-
: . 7 22
ing, graduate studies
Environmental
Faculty of Biology Protection, . 15 49
Nicolaus and Environmental undergraduate studies
7 Copernicus - Protection Environmental Protec-
University in . . 22
Torun tion, graduate studies
Faculty of Lawand ~ Environmental Protection 9 15
Administration Law, graduate studies
Environmental Risk
Faculty of Farth Engineering, undergradu- 14 46
Sciences .
ate studies
8 University of Environmental Protec-
Silesia Inter-faculty Studies tion, undergraduate 17 66
in Environmental studies
Protection Environmental Protec-
, . 10 32
tion, graduate studies
Environmental
o Management, 22 59
Faculty of Biological  undergraduate studies
Sciences
Environmental Manage-
. 16 53
University of ment, graduate studies
9
Wroctaw Environmental Protec-
Inter-faculty Institute  tion, undergraduate 20 62
of Environmental studies
Protection ; '
Environmental Protec 28 68

tion, graduate studies

* the order of the individual universities in the table results from the order in the Times Higher Education 2018 ranking
Source: the author's own work based on syllabuses of individual universities.
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The number of majors, where the programme concerns primarily envi-
ronmental protection, does not have to translate into a teaching offer that
enables one to acquire the most extensive knowledge in this area. It may only
indicate that there is an extensive offer addressed to students regarding
those subjects, but not necessarily indicating that specialist knowledge gets
passed on during those courses. That is why it is advisable to subject individ-
ual universities to closer scrutiny. For analysis purposes, it was calculated
that the average number and the median of the number of courses for majors
shown in table 2 were 13.95 and 14.00 respectively, whereas the average
number and the median of the number of ECTS points were 45.57 and 45.00
respectively.

UW offers one major which offers only three courses related to environ-
mental protection and/or sustainable development and merely 13 points
have been allocated to them, these being the lowest values in this ranking.
At other universities, many majors can be found whose names do not indi-
cate a close connection with environmental protection while offering more
environmental courses and more ECTS points allocated to them. At the same
time, UW offers its students a major with 17 courses that are connected with
a relatively large number of ECTS points, significantly above the average and
the median - as many as 62.

In the case of AGH, among the indicated majors, both those that have 7
environmental courses and 20 ECTS points (which is one of the lowest scores
in the ranking) and those that offer 30 or 24 courses and 94 and 76 ECTS
points respectively are offered, which puts them at the top of the ranking.
Five out of seven majors are characterised by a number of courses and ECTS
points no smaller than the average and the median for all analysed majors.

UJ offers majors with a relatively small number of environmental courses.
Only one major out of four is above the average and the median, offering 17
courses. Two majors offer a higher than average and median number of ECTS
points — a major, where this value is relatively high (55), offers just 12 courses
related to environmental protection.

In the case of PW, two majors out of five are clearly leading with regard to
sustainable development, and the number of courses/points assigned/allo-
cated to them is significantly above the average and the median, being equal
to 23/89 and 19/70 for the first and second major respectively. The other
three majors have their number of courses and ECTS points below the aver-
age and the median.

In the case of UAM, two majors offer a small number of courses and ECTS
points compared with other universities (significantly below the average and
the median). Two majors, both in the number of courses and ECTS points
allocated to them, show scores close to the average, although one major is
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characterised by a number of ECTS points that considerably exceeds the
average (52), with the number of courses close to the average.

PG is a university offering a lot (6) of majors related to environmental
protection compared with other universities, albeit those are usually majors
that are at a statistically average level or below it. Only in the case of one
major, the number of ECTS points is higher than the average and the median
(53), with the number of courses (15) only slightly above the average and
median values.

UMK, both in terms of the number of courses related to environmental
protection and the number of ECTS points allocated to them, does not signif-
icantly exceed the average values in the case of any major. Two out of five
majors show scores considerably below the average and the median with
regard to the number of courses.

US offers relatively few (just three) majors, but one of them is character-
ised by values that significantly exceed the average and the median in terms
of the number of courses (17) and, most of all, the number of ECTS points
allocated to them (66). The second major is characterised by average values,
whereas the third one - by values considerably lower than the average.

UWTr’s teaching offer includes four majors and, despite that their number
is relatively small compared with other universities, all significantly exceed
the average. The number of courses is from 16 to 28, whereas the number of
ECTS points ranges from 53 to 68, with values (28 and 68) describing one
major being among the highest ones in their categories.

All analysed universities, except for majors where the studies programme
concerns primarily environmental protection, provide education in the field
of sustainable development as part of other majors that are not directly
related to environmental protection. Table 3 shows cumulative data for indi-
vidual universities whereby majors, courses or ECTS points presented in
Table 2 have not been included.

A clear leader in the number of majors, whose programme has environ-
mental courses, is PW offering as many as 29 such majors. However, this does
not translate into the highest values in terms of courses related to sustaina-
ble development or the total number of ECTS points for those courses. UWr
leads the way in both those categories, offering 118 courses (AGH, which is
second in that category, has 69 courses) and 319 ECTS points (AGH, which is
second, has 193 points).
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Table 3. Number of majors, number of courses and total number of ECTS points, which
have not been included in table 2, for courses where the curriculum has courses
related to environmental protection and/or sustainable development at individual

universities*

Number of courses at a
given university where the

Number of courses
related to environ-

Total number of ECTS
points for courses related

Item R programme has courses - ;
University name . mental protection  to environmental protec-
No. related to environmental . . .
: . and/or sustainable tion and/or sustainable
protection and/or sustain-
development development
able development
University
1 of Warsaw 11 21 785
AGH University
) of Science and 18 69 193
Technology in
Cracow
3 Jag|ellqn|an 9 9 6
University
4 Warsaw University 2 62 146
of Technology
Adam Mickiewicz
5 University 7 31 107
in Poznan.
6 Gdansk University 13 23 81
of Technology
Nicolaus
7 Copernicus 12 30 108
University in Torun
8 University of Silesia 14 53 169
University
9 of Wroclaw 17 118 319

*the order of the individual universities in the table results from the order in the Times Higher Education 2018

ranking

Source: the author's own work based on syllabuses of individual universities.

Conclusions

One can encounter many problems and limitations in teaching in the field
of sustainable development at Polish universities. One of the most important
ones is lack of systematisation of basic concepts related to environmental
economics. This problem, although important from the viewpoint of organi-
sation of studies programmes, did not have any negative effects on the results
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of conducted analysis, since the study did not systematise courses, but just
counted them and the points allocated to them if the content of a syllabus
indicated the presence of environmental problems as part of a given course.
Thus, there are situations that courses having the same or very similar pro-
grammes have completely different names as well as that courses given the
same names have significantly different programmes.

The situation with majors is similar. Majors given the same names have
considerably different studies programmes at different universities. Addi-
tionally, there are cases that one university offers at different faculties majors
that have the exact same name, and also in this case, the study programmes
are different. On the one hand, it can be assumed that this results in extended
teaching offer of a university, which gives students the opportunity to focus
their environmental knowledge in a specialised way, this being important in
the case of students who have clearly defined study goals. On the other hand,
however, it can be interpreted as duplicating the didactic offer in the case of
those students who do not analyse in depth the study programme of a given
major when choosing it. An important argument in favour of keeping such a
division may be the fact that individual faculties at the same university can
have different reputation on the labour market and thus be considered more
elite, and their graduates can count on better employment conditions.

Some students choosing their major and/or university will expect the
programme offer to be prepared in such a way that environmental material
only supplements the basic majors assumed by the student. However, other
students will expect as much environmental knowledge passed on in a given
course of studies as possible. That is why, when evaluating universities and
majors in terms of diversity of their teaching offer, the number of majors and
courses is important, and from the viewpoint of consolidation of knowledge
and the amount of knowledge that can be acquired - the number of ECTS
points. At the same time, it should be noted that the same number of ECTS
points is often allocated to very different numbers of courses as part of one
major. Thus, a student ought to additionally take into account the fact that, as
part of the same number of ECTS points, they have a choice between majors
offering various courses with an extensive context of the subject of sustaina-
ble development (a large number of curses) or very specialised courses that
offer detailed knowledge, but present a narrow scope of this field (a small
number of courses).

There is also a group of students who do not look for environmental
courses in studies programmes at all. For such students, the offer of all uni-
versities is very extensive, of course, but what can be a positive thing is the
fact that universities often introduce courses related to sustainable develop-
ment to programmes of studies specialising in completely different fields.
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The number of hours of and points for such courses is often very small and
undoubtedly does not make it possible to discuss in depth all subjects related
to sustainable development. Nevertheless and at the same time, the number
of hours is usually sufficient to signal to students the basic issues faced by
today’s economy focused on growth. This can raise possible doubts in stu-
dents as to some majors and the ways economic growth is taught, which in
turn can be an impulse to take up broader studies in the field of environmen-
tal protection and sustainable development.

At the same time, it should be noted, that all nine analysed universities
give students the opportunity of education in the field of environmental pro-
tection and sustainable development. Each university has majors specialis-
ing in those problems and each of them provides education in the area of
sustainable development as part of majors not directly related to environ-
mental protection as well. Therefore, a conclusion can be drawn that the best
universities in Poland perform a mission consisting in educating in the field
of sustainable development both through specialist education in this subject
matter (in the case of majors dedicated to this subject) as well as through
building of ecological awareness among students pursuing other majors.
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