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Abstract. The article highlights the potential of brownfield areas in the sense of the rules and principles of sustainable development of the
regions which shows significant disparities determined by the developmental tendencies of the socio-economic and environmental spheres,
whose interactions were its basic platform in the Slovak Republic in the last years. Brownfield areas, with a degree of degradation and
environmental quality depending on their type and original use, have a negative impact on all mentioned spheres of regional development,
since such sites are unused and represent so-called brown investments, i.e. areas from which the region has no benefit. From the explicitly
defined positive and negative determinants of the actual occurrence of brownfield areas in terms of sustainable development of the regions,
the article quantifies their prioritization in the process of implementation into the regional development model, accepting the principles of
Saaty matrix which is objective from a process perspective of sustainable regional development. Based on the explicit quantification of the
above-mentioned determinants, the categorization of brownfield areas in the process of sustainable regional development, including the
model of regional development with implemented brownfield sites, whose actual occurrence supports the occurrence of diversified
activities, reduces the price of the surrounding land and ultimately threatens the health of the affected population and reduces the price of
surrounding lands.
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1. Introduction

Sustainable development can be defined as the environment as “a development that preserves the opportunity to
satisfy their basic living needs to the present and future generations while not diminishing the diversity of nature
and preserving the natural functions of ecosystems” within the meaning of § 6 of Act no. 17/1992 Coll. on the
Environment. Based on the fact that brownfield sites are an integral part of the environment of individual regions
whose presence is negative (Pavolova et al., 2012, Khouri et al., 2016) it is necessary to eliminate their real
occurrence and focus on sustainable development towards brownfield sites themselves in interaction with their
reuse (Pavolova et al. 2012; Brzeszczak & Imiotczyk, 2016; Dobrovolskiené et al. 2017). In the view of the above
mentioned, sustainable regional development with an implemented system use of brownfield sites can be
characterized as a strategic, complex and synergic process determining the socio-economic, environmental and
institutional aspects of regional development, profiling a functional model of anthropogenic society eliminating
the interventions that threaten, damage or devastate the living conditions, adequate use of natural resources and
protection of cultural and natural heritage (MoE SR, 20%; Melichova et al., 2017). In the reality of growing
international competition, entrepreneurship is crucial for building effective economy both at national and regional
level (Ignatavicius et al., 2015; Agrawal, 2016; Pietrzak & Balcerzak, 2016; Cseh Papp, 2018; Tvaronaviciené,
2016; Saeed et al. 2017; Meyer et al., 2016; Yan et al., 2017; Brzeszczak & Imiotczyk, 2016; Melas et al., 2017;
Ponomarenko et al., 2018; Razminiené &Tvaronaviciené, 2018).

2. General characteristics of brownfield areas from the point of their implementation in the sphere of
regional development

Brownfields were created as a result of restructuring of the states and their individual regions. They are one of the
consequences of radical changes in the socio-economic structure characterized by the shift of labor from primary
(agriculture, forestry) to secondary (industry and construction) and nowadays into tertiary (trade, transport,
services, public administration) spheres of civil life. Brownfield areas are a turbulent problem and an obstacle to
further sustainable development in the regions as they are characterized by obscure property rights and layout,
devastated production and non-production buildings and, in many cases, by the presence of old environmental
burdens. These are represented by various substances, often toxic, that contaminate all the components of the
environment (soil, surface and ground water, air, biota) as well as by material objects. On the particular land and
in the particular buildings waste, including hazardous waste from the previous use of the land and buildings is
often collected or temporarily stored. Significant risk is the remnants of machinery and technology that may
contain chemicals that are hazardous to the environment and human health (PCBs, dioxins, etc.). Surroundings of
brownfield areas are clearly visible and especially dangerous (Pavolova et al., 2012). The degree of degradation of
brownfield areas and the level of environmental quality depend directly on their type and original use, which also
determines the financial means associated with their revitalization in favour of sustainable regional development.
This fact is also complicated by different understanding of brownfield areas in selected countries of the European
Union (Table 1), which also complicates their implementation in a unified definition of sustainable development
(Pavolova & Kyselova, 2011; Beck, 2016; Tvaronavi¢ien¢ & Razminiene, 2017; Mura et al. 2017). Their
elimination would not only contribute to the improvement of the environmental quality but also to further socio-
economic development of the regions where the brownfield area is located, including the primary, secondary and
tertiary sphere of small and medium-sized enterprises in the SR which is in direct interaction with the sustainable
regional development. The implementation of brownfield areas in the sustainable development of regions also
directly depends on their generally defined positive aspects in a particular region as shown in Table 2 (Pavolova et
al., 2012).
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Table 1. An overview of brownfield definitions in selected countries

Country

Definition of brownfields areas

Bulgaria

Contaminated land - areas in which previous activity has ceased,however, still have influence on their
surroundings

Belgium - Wallonia

Places formerly intended for economic recovery, where the status quo is not an efficient use of
Flanders: An abandoned or underutilized industrial area with potential for active recovery or expansion,
which is further complicated by the development of real or anticipated environmental problems

Czech republic

Brownfield is a property (land, building, complex), which is underused, neglected and may be
contaminated. There is a remnant of the industrial, agricultural, residential, military or other activities.
Brownfield is not used appropriately and effectively without the normal process of regeneration.

Denmark Contaminated areas.

France Previously, land use, are now temporarily or permanently abandoned due to attenuation of activity and
need to find a possible future use. They can be partially built, derelict or contaminated.

Finland No definitions.

Ireland The abandoned areas - areas that have lost or losing their original character and negatively affect their
environment due to their dilapidated, disrepair, or the presence of waste

Italy Contaminated areas - areas that are chemically, physically or biologically contaminated in such a way
that endangers human health or the surrounding buildings or landscape. The area is considered
contaminated when contamination exceeds the limits set by law.

Hungary The territory which had formerly been used economically efficient, but are currently underused,
stopped. The main feature is the neglect, dereliction and contamination

Poland Cancelled due to contaminated areas - high density of landfills

Impaired / deserted area usually built within urban areas

Spain - Basque

Potentially contaminated areas / derelict industrial buildings

Slovakia

Brownfield is a property that is not effectively used, is neglected and possibly contaminated. This is a
property that can not be effectively used without a process of its regeneration.

Source: Pavolova, Kyselova, 2011

Table 2 Positive aspects of the removel of brownfileds areas in

Removal of threats

elimination of health hazards (toxins, carcinogenic, teratogenic, mutagenic,
other contaminants), physical hazards (unstable structures, wells, risks of
floods and flooding, burning dumps, etc.).

Removal of costs incurred in the destination area

to no
avail

elimination of the cost of the brownfields area without benefit to ensure the
safety, infrastructure and other social costs

The acquisition of new land and development
opportunities of destination

importance in regional destinations with a small development area,
minimizing the occupancy of new plots and the possibility of using them
preserving the natural environment for the benefit of regional development

Increasing the attractiveness of regions

improving the image, quality of the environment, life, positive aspect of
value and further development of the region in all areas of sustainable
development

Source: Authors

For all of the above reasons, cities and communities have to be aware of “their brownfield sites,” make them
aware in the preparation of territorial documentation and engage in both formal and informal support for their
revitalization and re-use to help private sector investments which are necessary in their revitalization in promoting
the sustainable development of the regions. For the needs of of brownfield sites implementation in the sustainable
development of the regions it is necessary to prioritize their negative and positive determinants which, in their
synergic effect, will point to their categorization and position in the process of reducing the interregional
disparities which show significant differences with a pronounced polarization in Bratislava region, which is also
documented by Fig.1 on the occurrence of brownfield sites in the SR in recent years. According to the available
data and the occurrence of brownfields in the SR it can be stated that the largest area of brownfields is located in
the regions of eastern Slovakia, up to 35.97%, i.e. 641.4 ha of the total area, but this is not true about their number
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because the most brownfield areas are located in the regions of Central Slovakia up to 42.08%, i.e. 287 of the total
number of brownfields occurring in the Slovak Republic according to this criterion. (Fig. 1).

A

\‘“”‘
= Zilina region = Region of Banska Bystrica
Kosice region Presov region
= Nitra region = Trencin region

= Trnava a Bratislava regions

Fig.1. Brownfields in the Slovak Republic
Source: SARIO

3. Methodology of determinants quantification for the implementation of brownfield areas in the process of
sustainable development of regions

Analytic Hierarchy Process (AHP) is a multi-criteria decision making method, originally developed by
mathematician Thomas L. Saaty, and is a tool with numerous applications in areas of planning and management
(Saaty T. L., 1980). It can be used for evaluations of different problems in urban landscape management (Li,
2005; Simo et al. 2016; Srdjevic, Lakicevic, & Srdjevic, 2013; Grancay et al, 2015; Svec & Madlenak, 2017,
Dolobac et al., 2015; Kim & Sato, 2000; Adamisin et al. 2018). AHP uses a pairwise comparison method to
generate weightings (ratio scales) for criteria, instead of simply listing and ranking the levels of importance. There
are some methods (Benda-Prokeinova et al., 2017). Saaty's method of weighting the criteria is done in two steps.
First we determine the matrix of the intensity of preferences S. The elements of the S-matrix, which we call sij (i-
th line, j-th column), are obtained by examining the number of times the criterion Ki is more significant than the
criterion Kj, if it is more significant or as significant as . This ratio of the significance of two criteria, which is
expressed by elements sij, can also be interpreted as the ratio of their weights:

V.
S, =—, i,j=1,2,....m (@)
Vi

Based on the number of times the criterion is more significant than, we assign the elements of the intensity
preference matrix S numbers from 1 to 9. (Ramik J., 2000). If it is Kj more important then K;, we will define the
elements s; as follows:
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S =— 2)

This relationship can be described as follows: If the criterion K; is s; - times more significant than the criterion
K;. If for all elements of the matrix S the relation (2) holds, then we say that the matrix S is reciprocal. The second
step is to determine the scales themselves based on the knowledge of the S matrix, which minimizes the
expression (TalaSova, J., 2003):

2
m m Vi
D= ZZ(SU __J 3)
under the condition

Zm:vi =1. 4)

For the purpose of defining the prioritization of determinants of brownfield areas implementation in the
sustainable development process of regions a tabulated overview was created in two areas — positive and negative
determinants. All the determinants were added a numerical value of the weight by accepting the generally valid
condition.This symmetrical matrix also corresponds to the fact that the method is based on the interactive
comparison of all predefined determinants of the same rank with the evaluation in Table 3 (Hlaviiova, Pavolova,
2017).

Table 3. Assessment of negative and positive determinants in Saaty matrix

Determinant Value Description of Comparative Determinants
1 Determinants i and j are equivalent
3 The determinant i is slightly preferred over the determinant j
5 The determinant i is strongly preferred over the determinant j
7 The determinant i is very strongly preferred over the determinant j
9 The determinant i is absolutely preferred over the determinant j

Source: Hlaviiova, Pavolova, 2017

Consequently, the values of 1 were assumed on the diagonal of the matrix, as we accepted the principle of
comparison of the same factors, i.e. their equivalence, and identified pairwise comparisons of the individual
factors. If the factor in the row is preferred over the factor in the column, the reciprocal value was attributed.
Furthermore, the R; values for each criterion were quantified, i.e. row of matrix created according to the formula:

R, =(S)" ©)

f — number of factors,
Sij — particular factors.
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Based on these calculations, the sum of R; was calculated and based on it the final value of individual weights
reflecting the interactions of the different determinants and their prioritization in the process of sustainable
development of the regions was calculated.

4. Sustainable development model of regions with implementation of brownfield areas

In terms of the definition of sustainable development and the above-mentioned facts about brownfields it was
possible to define their negative and positive determinants for their implementation into a systemic approach
supporting the sustainable development of the regions. The negative determinant of the occurrence of brownfield
sites in regions that hinder their sustainable development include: the decline in the economic performance of the
region (D1), the greenfield competition (D2), the reduction of the aesthetic nature of the landscape (D3), the threat
to the health of the population (D4), insufficient return on investments in brownfield sites regeneration (D5), the
possibility of environmental burdens and associated additional investment to remediate them (D6), the occurrence
of devastated buildings (D7), the non-use of brownfield sites in the development of the region (D8) and the
reduction of the territorial ecological stability system (D9) and their weight values for the need to define their
prioritization in the process of sustainable development of the regions were quantified (Table 4). Among the
positive determinants of the use of brownfield sites in the systematic process of supporting the sustainable
development of the regions were included: sustainable use of the area in the region (D1), support for social
development (D2), increasing employment in the region (D3), promotion of economic development due to
regeneration of brownfield sites and their re-use (D4), enhancing environmental quality by removing
environmental burdens, (D6), increasing the purchasing power of the population (D6), and increasing the average
wage in the region (D7) due to the re-use of brownfield sites by supporting small and medium-sized enterprises in
the region (D8), increasing the competitiveness of the region (D10) and the improvement of population life
quality (D11) and, by the same procedure, the values of their weights and the need to define their priority in the
process of sustainable development of the regions were quantified (Table 5).

Table 4. Quantification of negative determinants of brownfield sites

Determinant D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 Si Ri Vi
D1 1 5 5 3 3 3 3 3 3 | 18225.0000 | 2.974 | 0.26
D2 15| 1 7 13 |13 ] 1 3 1 |13 0.1556 0.813 | 0.07
D3 15 | 17 1 s |7 |15 | U7 | 3 |13 0.0000 0.306 | 0.03
D4 13 ] 3 5 1 5 3 5 7 1 2625.0000 | 2.398 | 0.21
D5 13 ] 3 7 511 113 1 1 |15 0.0933 0.768 | 0.07
D6 3] 1 5 13| 3 1 3 3 1 15.0000 1351 | 0.12
D7 13 | 1/3 7 151 1 |13 ] 1 1 |15 0.0104 0.602 | 0.05
D8 3] 1 3 |17 | 1 |13 1 1 |13 0.0018 0.494 | 0.04
D9 3] 3 3 1 5 1 5 3 1 225.0000 1.825 | 0.16

Sum 11.533 | 1.00

Source: Authors
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Table 5. Quantification of positive determinants of brownfield sites

Determinant | p; | p2 | D3 | D4 | D5 | D6 | D7 | D8 | D9 | D10 | Di1 Si Ri Vi
D1 1 3 Y3 | 3| v | us | s | w7 | U5 | 15 0.000001 0.290 | 0.02
D2 /3| 1 1 1 Y3 | 3| 3| 13| 1 1 1/3 0.001372 0.549 | 0.04
D3 3 1 1 3 1 3| 1 U3 | 13| 1 1 0.333333 0.905 | 0.07
D4 3 1 3] 1 3 3 1 3 13| 13 1 3.000000 1.105 | 0.09
D5 9 3 1 3| 1 Y3 | 13| 13| 13| 15 | 1.3 0.007407 0.640 | 0.05
D6 5 3 3 13| 3 1 1 3 3| 13 | 13 5.000000 1.158 | 0.09
D7 5 3 1 1 3 1 1 5 Y3 | 13 | 13 8.333333 1.213 | 0.09
D8 7 3 3 3] 3 3| 15| 1 3| 15 | 13 0.093333 0.806 | 0.06
D9 7 1 3 3 3 3 3 3 1 3 1/3 | 5103.000000 | 2.173 | 0.17
D10 5 1 1 3 5 5 3] 1 3 3375.000000 | 2.093 | 0.16
D11 5 3 1 1 3 3 3 3 3 13 1 1215.000000 | 1.907 | 0.5
Sum 12.839 | 1.00

Source: Authors

In terms of the quantified prioritization of negative and positive determinants it was found that the highest priority
in preventing the use of brownfield sites, i.e. the negative determinants represented were the decline in the
economic performance of the region (25.79%) and the reduction of the territorial system of ecological stability
(15.83%) and the lowest priority were reduction of the aesthetic character of the landscape area (2.65%) and the
non-use of brownfield sites (4.29%), while the highest priority of the use of these sites in the sustainable
development processes among the positive determinants were increasing the competitiveness of the region
(16.93%), increasing the tax revenues of municipalities in the regions (16.30%) and, on the other hand,
the lowest priority were sustainable use of the regions in the region (2.26%), social development support
(4.28%) (Fig. 2).

Negative determinants Positive d¢{grminants
D1
30— 20 -
D11 _— —_ D2
D10 10— .. D3
g/ / D3
D9 [ "~ pa
D7 X ~'pa

D7 D6

D6 D5

Fig.2. Prioritization of negative and positive determinants of brownfield areas in the process of sustainable development of regions
Source: Authors
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The partial results of the prioritization of previously clearly defined single negative and positive determinants of
the use of brownfield sites in the processes of sustainable development of the regions are consequently
synthesized into a summary matrix of complex evaluation, which determines their implementation in the above
mentioned processes in the form of a summary indicator — “Scoring Ratio” that could predict a specific category
of regional development support in interacton with the ultimate benefit of investing in the regeneration and reuse
of brownfield areas. Following the below-mentioned summary matrix of a comprehensive brownfield land use
assessment in regional sustainable development processes (Table 6), it was found that the positive determinants of
brownfield sites implementation in the sustainable development processes of the regions showed a prevalence
(52.68%) above the negative determinants of their occurrence (47.32%), which hinders the development of the
regions with a sum of 1.11 (Table 6), whereby it can also be predicted the category of regional development
support and therefore the suitability of implementing brownfield sites in the sustainable development processes of
the regions identified as V. category, i.e. high support for the sustainable development of the regions, as the score
ratio reached 1.71 (Table 7).

Table 6. A summary matrix of a comprehensive assessment of the use of brownfields in the processes of sustainable development of the

regions
Determinants Determinants Partial )
Score Score Scoring

the economic performance of the region - 12.20
competition of greenfields - 3.34
reducing aesthetic landscape - 1.25
threats to population - 9.84
low return on regeneration of brownfield sites - 3.15 47.32
environmental burdens - 5.54
devastated buildings - 2.47
non-used territory - 2.03
reducing the territorial system of ecological stability - 7.49
sustainable use of land in the region + 1.19
promoting social development + 2.25
increasing employment + 3.71
promoting economic development + 4.53
increasing environmental quality + 2.63 111
increasing purchasing power + 4.75
increasing the average wage in the region + 4,98
support for small and medium-sized businesses + 3.31
increasing the competitiveness of the region + 8.92 52.68
tax revenue growth of the municipality + 8.59
increasing the quality of life of the population

+ 7.83

Source: Authors

Table 7. Categories of brownfield sites in processes of sustainable development of regions
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Category Scoring

I. category Very high Above 1,2

11. category High 1,19-0,9
111. category Average 0,89-0,7
V. category Low 0,69-0,5
V. category Very low 0,49-0,3

VI. category Ineffective 0,29 and less

Source: Authors

An effective system of sustainable regional development management with an integral part of the use of
brownfield areas should respect all the specifics of the affected region as well as the specific brownfield areas that
are determined by their previous uses, including inputs, transformation technologies and outputs. In the so-called
system of sustainable development management of the regions, it should also be taken into account the degree of
degradation of the productive or non-productive objects, the material composition of structures and other building
segments that could affect the total amount of investment needed to restore the brownfield. According to some
authors (Khouri et al., 2016; Cehlar et al., 2013; Kovacik, Maris.2014; Horecky, 2018; Lorincova, 2018), other
factors that could directly influence the use of brownfields in the process of development of the regions include
their location (urban or rural area), availability of funds (bank loans, EU funds), various forms of support
programs by the state and public sector (both monetary and non-monetary). A brownfield management system,
defined in such a way, in regional development processes should be characterized by clearly defined rules of
monitoring and regular evaluation of predetermined development indicators, accepting principles of sustainable
development at the level of the regions, and, of course, adhering to the legislative regulations related to the
brownfield regeneration process.

A high level of cooperation and communication has a positive effect on innovation activity (Arndt & Sternberg,
2000; Freel, 2003). In a number of cases, the emergence of cooperative relations is forced. The model of efficient
management of the use of brownfield areas in the processes of sustainable development of the regions was
designed to respect all external and internal factors affecting the sub-processes of regional development based on
the regeneration and subsequent use of brownfields determining the final benefit derived from the comparative
synthesis of the results of the evaluation of positive and negative determinants using the integrated scoring ratio as
illustrated in the scheme of the brownfield management model in regional development in Fig. 3.
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Identification of brownfield areas

Determination of contamination

level

Identification of risk level |

!

Quantification of costs for

Confirmed
environmental
burden

no

- social and economic indicators of region
- environmental quality in the region

- registered unemployment

- average wage

- etc.

- devastation of production and non-production objects
- level of connection to the water supplv and sewerage
- level of connection to the energy structure

- level of connection to roads

- proximity of the railway line

Project proposal use of
brownfield areas

Economic, social legislative, political factors
influencing the reuse of brownfield areas

elimination of
environmental burden

Monitoring of benefits for the
development of the region
after the realization

-
g

Y

Summary matrix of a comprehensive
assessment of the use of brownfields
in the processesof sustainable
development of the regions

_—h-l Categories of brownfield sites

'

(

Implementation of brownfield
areas in the development of

Elimination
of barrier

the region
Quantification of 4 Surveillance monitoring
benefits for the of the region's
development of region sustainable

development.

Sustainable development
of the region

Fig. 3. Model of brownfields management in regional development

Conclusions

Source: Authors

The development in addressing brownfield issues with complicated recovery caused by unclear property rights,
lack of information on the kind and extent of contamination determining the economic risks associated with
recovery and the resulting additional liabilities. They point to the fact that these areas are not only an isolated
problem in the regional development but also a problem whose solving by this strategy could be a reasonable
profit to the sustainable development of the regions. The proposed model of the brownfield management system,
in terms of sustainable development of the regions with the aim of reducing interregional disparities and
increasing the competitiveness of Slovak regions was designed to integrate the following sub-areas of the solution

of the analysed problem:

o the current state of brownfield areas, including the identification of its type according to its previous use

or predominant use,
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o identify the environmental burden and quantify the financial costs associated with its elimination,

e a proposal for the regeneration and subsequent use of brownfield sites according to the needs and
specifics of the particular region concerned,

o identifying and evaluating benefits and barriers factors, the pre-defined support category of the region
according to the scoring ratio,

e surveillance monitoring of the development indicators of the affected region by using the direction of its
development activities to the brownfield potential.
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