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IZVLECEK

V postindustrijski dobi so se Stevilna mesta srecala s propadanjem
tradicionalnih industrijskib panog, kar je privedlo do Sirokega
razmaha degradiranih obmodij. Opuséena industrijska obmocja
so pomemben prostorski potencial, njihova revitalizacija pa
prilognost za trajnosini urbani razvoj mesta. Zato je za snovanje
prostorskih strategij za trajnostno revitalizacijo degradiranih
obmocij potrebmo pogloblieno razumevanje prostorskega znacaja
in razporeditev degradiranih obmodij. Ta tematika za mesto
Banjaluka (Bosna in Hercegovina) se ni bila raziskana, prav
tako v njem niso identificirana ali evidentirana degradirana
obmodja. Pri v clanku opisani raziskavi so degradirana obmodja
v Banjaluki evidentirana na podlagi zgodovinskih podatkov in
znanstvene literature ter razpoloZljivih GIS-podatkov. Analiza
degradiranih obmodyj je opravijena z vidika njihove prostorske
razmestitve in prostorskih znadilnosti. V raziskavi je ugotovljena
neenakomerna razporeditev aglomeriranih in razprienih
degradiranih obmodij znotraj mesta ter obstoj razlicnib vrst
degradiranih obmodij, ki so kategorizirane na podlagi njihovega
razmerja do mesta, okolja in medsebojnih razmerij. Raziskava
prispeva k prostorski opredelitvi degradiranih obmocij na podlagi
modela prostorske analize, ki temelji na teoriji industrijske
lokacije. Poleg tega raziskava podpira pomembnost vkljucevanja
degradiranih 0bmocij v urbanisticni in prostorski planski proces.
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ABSTRACT

In the post-industrial era, many cities have experienced the
decline of traditional industries, leading to the widespread
emergence of brownfields. Abandoned industrial sites represent
a significant spatial resource, and their regeneration is
considered an opportunity for sustainable urban development.
Thus, spatial strategies for sustainable brownfield regeneration
call for a thorough understanding of the spatial character and
distribution of brownfields in a city. In the context of the City
of Banjaluka (Bosnia and Herzegovina), this topic has not
been researched, nor have brownfields been identified and
mapped at the city level. Based on historical data and scientific
literature, industrial brownfields in Banjaluka are mapped
using available GIS data and further analysed to determine
their spatial distribution and characteristics. This research
shows an uneven distribution of agglomerated and dispersed
brownfields within the city and the existence of various types
of brownfields arising from their relationship with the city,
their environment, and each other. The research contributes
to the spatial characterisation of brownfields by defining
a spatial analysis model based on the theory of industrial
location. Moreover, the research affirms the need for more
substantial consideration of brownfields in the urban and
spatial planning process.
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1 INTRODUCTION

The transition of the economic system and the increasing impact of globalization have led to significant
changes in the territorial development of industry, which are reflected in the loss of traditional industries
and leaving many industrial sites in cities abandoned. Known as brownfields, these sites tend to be con-
centrated in certain areas and have a profound impact on the spatial and functional urban structure (Pytel
etal.,, 2021) and environmental configuration of urban areas. In the context of accelerated urbanization,
contemporary politics of sustainable urban development have shifted from extensive urban expansion and
greenfield development to intensive urban fabric renewal. Since land is scarce and a non-renewable resource
(Lampic etal., 2020; Tonin & Bonifaci, 2020), regeneration of brownfields stops the expansion of built-up
areas and reduces the expansion pressure on agricultural and forest land, contributing to the achievement
of sustainable spatial development goals (Rebernik et al., 2023; Lampi¢ et al., 2017; Lampic¢ et al., 2020).
Furthermore, regeneration of brownfields contributes to the improvement of the environmental quality,
offers an opportunity for innovative land use strategies, alleviates the effects of urban sprawl and guides
urban growth (Baing, 2010, De Sousa, 20006). The efficient regeneration of brownfields implies applying
different concepts and principles within the land use and urban regeneration strategies. As an example,
industrial symbiosis is an approach developed within the industrial ecology that involves the physical
exchange of materials, energy and water, between different industries to achieve a competitive advantage
(Coti¢, 2019). The application of industrial symbiosis within urban regeneration strategies entails that
brownfields are regenerated into eco-industrial parks. The results of this regeneration approach are the
new green (circular) economy, economic benefits for industries and gains for the environment due to
less waste and less demand for energy and raw materials (Coti¢, 2019). Another recent approach is based
on the capacity of natural systems to respond to a variety of social needs and refers to actions to protect,
sustainably manage, and restore natural and modified ecosystems, providing benefits for human well-being
and biodiversity (La Monaca, 2025). These nature-based solutions implement ecological experimenta-
tion, soil regeneration, and the incremental construction of green infrastructure within the brownfields
regeneration and are considered one of the fundamental tools for guiding urban policies towards greater
inclusiveness, resilience and environmental quality (La Monaca, 2025). In achieving above-mentioned
goals of brownfield regeneration, policies and strategies of state authorities, local governments, and pri-
vate investors play a crucial role (Pytel et al., 2021). However, the lack of robust spatial data and detailed
knowledge on brownfield character may inhibit the spatial planning of brownfield redevelopment across
cities. Hence, there is a need to analyze brownfields spatial characteristics and patterns of their distribution
and variations across various parts of the city, facilitating a more nuanced comprehension of industrial
brownfields. A systematic understanding of brownfields, as a significant spatial resource embedded within

cities, is fundamental for devising sustainable land use and regeneration strategies (Lampic et al., 2017).

Previous studies deal with a spatial analysis of differences in the spatial distribution of existing and redevel-
oped brownfields in cities (Frantédl et al., 2013; Frantdl et al., 2015; Novosék et al., 2013) and demonstrated
that the regeneration of brownfield sites is significantly influenced by their intrinsic characteristics and
urban location. Much research has focused on characterizing brownfield sites, analyzing natural elements
(vegetation, topography and water bodies), factors of industrial location (site accessibility and proximity
to city centers), and physical structure (buildings and structures) (Frantdl, 2015; Spiric’, 2015). It has been
confirmed that location-related aspects of brownfield sites, such as geographical location, transportation
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links, local socio-demographic structure, economic potential, economic activity and unemployment rate,
etc., play an important role in their regeneration processes (Hercik et al., 2014; Martindt, et al., 20165
Frantdl, 2015). Nevertheless, site-specific factors such as size of the brownfield, its previous use, number
of buildings, ownership relations etc. are also crucial for planning brownfield redevelopment projects
in administrative territory (Hercik et al., 2014; Frantdl, 2015). Similarly, site-specific characteristics of
brownfields, namely characteristics of the single plot, location of the plot in the local context, features
of the entire national priority sites, and exogenous factors (strategies and economic factors), are consid-
ered the most important features to enhance the attractiveness of the area for redevelopment (Tonin &
Bonifaci, 2020). In these studies, brownfields are researched as single sites of former industrial activities,
while their tendency to cluster is neglected. Moreover, these studies mainly focus on site-specific spatial
characteristics with relatively few studies addressing city-level analyses of brownfields as a single entity in
the wider typology of urban land use and unused spaces. There has been limited investigation into the

spatial relationships between brownfields and urban areas, as well as their underlying distribution patterns.

The phenomenon of brownfield in Banjaluka (Bosnia and Herzegovina) is not sufficiently researched,
and there is no official definition or classification. They emerged as a consequence of the military opera-
tions of the civil war in Bosnia and Herzegovina (1991-1995) and loss of the market, which resulted
in privatization of the state property and many bankruptcy proceedings of pre-war companies (Perié,
2016). Brownfields are not properly identified; their localities are not mapped, and there is no available
information database. In general, brownfields are not valorised, their spatial potential is not sufficiently
researched, and there are no brownfield redevelopment strategies and no clear attitude of local and na-
tional authorities towards this complex urban phenomenon. As in many post-socialist cities, regeneration
occurs spontaneously, without a specific planning approach or strategy. In some cases, the process is
carried out without adequate planning documents, spatial features are not considered, and the planning
solution is driven by private interests and the favorable land price. Regeneration is planned in the short
term, driven by market demand, and left to random investments by private investors (Rebernik et al.,
2023). The extensive nature of the transformation of post-industrial sites is aimed at the enrichment of
a small number of people under the veil of a common interest for the city and state (Peri¢, 2016), with

no reference to social and environmental goals of sustainable development.

This research deals with the spatial distribution of industrial brownfields in Banjaluka and the analysis of
their spatial characteristics that extend beyond their immediate spatial context, promoting a shift towards
a city-based approach as opposed to the conventional site-based approach. Thus, brownfields are considered
a network of spaces that is an integral part of the city, and not isolated sites. The research is structured to
address the following key questions: How are brownfields spatially distributed in Banjaluka, and what
are the factors affecting their spatial distribution across the city? What are the spatial characteristics of
brownfields, and are there significant differences between them? Based on these questions, this research
first identified brownfields in Banjaluka, using desktop research, literature review and field research.
Subsequently, the industrial geography approach was applied in the research to analyze the spatial distribu-
tion of brownfields within the city and understand their spatial characteristics. Specifically, the theory of
industrial location provides concepts that allow understanding of the location of former industrial sites
and defines a multi-criteria analytical tool for spatial analysis of brownfields. The analysis encompassed
the patterns of spatial distribution of brownfields and the interrelationship between brownfields, their
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immediate environment and the city. Finally, the study examined the types of brownfields based on their
spatial characteristics. The research elaborates on the imbalanced spatial distribution of agglomerated and
dispersed brownfields. Eventually, the research demonstrates the existence of diverse types of brownfields

arising from their relationship with the city, their environment, and each other.

Ignorance of the uneven disposition of agglomerated and dispersed brownfields and the existence of brown-
fields with different spatial characteristics prevents the application of targeted strategies that facilitate local
and regional sustainable development goals. The research contributes to the methodological model of spatial
characterization of brownfields, based on the theory of industrial location. Its general aim is to contribute to a
body of knowledge for creating spatial strategies for brownfield redevelopment corresponding to the character
of their disposition within the city and their unique character arising from their industrial location. These
strategies could focus on the problem of developing brownfields as isolated sites or part of the agglomerated
sites, the suitability of the site for achieving local and regional development goals, and the harmonization of
the brownfield development with the development of its immediate environment. Moreover, the research
affirms a more sustainable consideration of brownfields in spatial planning, which implies integration of the

theory of industrial geography and methodology of multi-criteria spatial analysis in the spatial planning realm.

2 METHODOLOGY

2.1 Study area

The case study city, Banjaluka, is the largest city in the western part of Bosnia and Herzegovina and part of
the largest urban agglomeration in the western part of the Republic of Srpska. Banjaluka has approximately
185,000 inhabitants who live in 1,209 km? of the city’s administrative area. According to the Spatial plan
of City of Banjaluka (GBL et al., 2014), the city territory is divided into an urban area, which consists of
the city core and its surrounding belt, and a non-urban area. Seventy-five per cent of the population lives
in an urban area. The city center is located in the north-eastern part of the city’s territory. Historically,
urban development of Banjaluka was determined by the process of industrialization. Industrial develop-

ment promoted the expansion of Banjaluka and brought about reforms in urban planning and scale.

The beginnings of industrialization can be traced back to the period before Austro-Hungarian rule, when
the development of industry was laid by the monks of the Trappist Monastery. The Austro-Hungarian
period was characterized by the exploitation and processing of raw materials and the arrival of modernity
in Banjaluka. Transport infrastructure made Banjaluka connected with the European centers of the time
(UZBL, 1975). In the period between the two world wars (1918-1941), the development of Banjaluka’s
economy and urbanization was very slow. However, after World War 11, there was a rapid development
of the industrial economy. The post-war spatial development of Banjaluka was influenced by the spatial
concentration of industry, the creation of new jobs, the position of the residential areas around the indus-
trial zones, and the concentration of city functions and services. The compact urban structure consisted
of several settlements with the concentration of housing, work, central functions and services (UZBL,
1975). The most developed industrial branches were the pulp and paper industry, metal industry, electrical
industry, wood and food industry (UZBL, 1975). The development of industry and modern industrial
branches such as electronics, electromechanics, chemistry and mechanical engineering contributed to
economic development (UZBL, 1975). The most important factories of the second half of the 20th
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century were: the electrical engineering industry “Rudi Cajavec”, the wood, cellulose, paper and wood
fiber industry “Incel”, the wood industry “Vrbas”, the machine factory and foundry “JelSingrad” and the
leather, footwear and leather goods factory “Bosna“. The urban planning policy applied the principle of

zoning of housing, work and recreation, which are integrated into a single spatial entity.

This situation in the industry lasted until the civil war in Bosnia and Herzegovina (1991-1995) and
the collapse of Yugoslavia, when the existing economy was destroyed, i.e., when there was a decline in
industrial production, income and technological backwardness, a decline in employment and loss of
workforce. At the same time, the economic transition process took place, and a new economic model
based on private initiative and private ownership was developed. Due to the privatization of the state
property in the 2000s, which resulted in bankruptcy proceedings of pre-war companies, many aban-
doned and devastated industrial sites from the socialist period are present in Banjaluka. The concept
of spatial organization and industrial development has changed, and today is based on entrepreneurial

infrastructure, with a special emphasis on business and industrial zones.

2.2 Brownfields definition, identification and data collection

The definition of brownfield is determined by complex social, economic, political, cultural and histori-
cal local context. There are differences in the general definition of brownfields in different post-socialist
countries (Rebernik et al., 2023). The meaning of brownfields in academic and professional discourse is
not uniform and is based on the purpose of individual research on that spatial phenomenon. However,
in most European Union countries, brownfield refers to each abandoned or neglected built space. For
example, in Slovenia, brownfields are defined as not fully utilized or disused areas with a visible impact
of their former uses and of lower utility value, that needs to be regenerated (Lampi¢ et al., 2017). In the
Czech Republic, brownfields are properties (lands, objects, areas), that are underused, neglected, and
can be contaminated. They are relics of industrial, agricultural, residential, military or other activities,
and they cannot be appropriately and effectively utilized without the regeneration process (Frantdl et
al., 2012). Similarly, in Croatia, brownfields are areas, land, real estate or buildings that are inadequately
used, neglected or abandoned and can be contaminated (Matkovi¢ & Jakovci¢, 2019). Brownfields in
Romania are geographically defined areas, bounded by surface and depth, polluted with biological or
chemical substances (Frantdl et al., 2012). Eventually, in Poland, they are specified as areas designed
for recultivation that include degraded or desolated grounds, such as closed dumps, dumping grounds,
depressions (hollows), post-industrial areas, post-mining areas, post-military training grounds, for which

the administrative bodies approved recultivation projects (Frantdl et al., 2012).

The US Environmental Protection Agency defined brownfield sites as abandoned or underutilized industrial
and commercial property where expansion or redevelopment is complicated by real or suspected contamination
(USEPA, 2002). However, the most common and comprehensive definition is given by the Concerted Action
on Brownfields and Economic Regeneration NETwork (CABERNET). Brownfields are defined as sites that
have been affected by the former uses of the site and the surrounding land, are derelict or underused, have real
or perceived contamination problems, are mainly in developed urban areas, and require intervention to bring
them back to beneficial use (CABERNET, 2006). According to the previous function, there are several categories

of brownfields such as: industrial, commercial, storage, municipal facilities, transportation facilities and mining,
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There is no official definition of brownfields in Bosnia and Herzegovina. In professional and scientific
fields, brownfields are recognized as previously developed and/or built areas with an evident state of ne-
glect and inefficient use, which have the potential for regeneration and sustainable development (Dukié¢,
Vujici¢, 2014). There are eight categories: industrial brownfields, military brownfields, communal and
transport brownfields, residential, cultural and social brownfields, commercial brownfields, sports and
recreational brownfields and agricultural brownfields (Duki¢, Vujici¢, 2014). In the urban area of Ban-
jaluka, brownfield sites are mostly represented in the form of abandoned or unused industrial complexes
and military complexes and warehouses. In the non-urban area, brownfields are represented in the form
of abandoned industrial complexes, abandoned complexes of former agricultural and farming coopera-
tives, and military complexes and military economy facilities that are not relevant for the defense system.
The most common type of brownfield sites in urban areas is industrial, and it is generally accepted that
brownfield sites are most often considered abandoned or underutilized industrial sites (Stojkov, 2008;
Tonin & Bonifaci, 2020). Based on the above-mentioned definition and purpose and objectives of this
study, brownfields are defined as previously developed industrial built areas that are partly or completely

abandoned, inefficiently used, with the potential for regeneration.

The following approach was adopted to identify and select relevant brownfields. Based on the definition,
this research identifies sites with different levels of abandonment, i.e., sites that are not used, sites of par-
tial reuse and partial adaptive reuse. Partial reuse refers to the functional continuation and maintenance
the industrial production on some part of a site, while the rest is not used. Partial adaptive reuse refers
to the partial functional and physical change of some parts of an existing brownfield site (for a purpose

other than original industrial production).

Regenerated brownfields are excluded from the research. Nevertheless, they were identified, mapped, and
data about them were collected to provide a basis for a better understanding of the spatial characteriza-
tion of brownfields and their distribution within the city. Spatial distribution of brownfields needs to
be analysed in the context of all former industrial sites, which form a network of places whose location
was influenced by the same factors of industrial production. The network of these sites is an integral
part of the city and extensively affects spatial urban development. Besides, the spatial characteristics of
all former industrial sites, whether regenerated or not, stem from their location and mutual relationship.
Regenerated brownfields were also considered to identify the transformation directions and functional
changes of sites and determine the area and location they occupy. This additionally facilitates creating
targeted strategies for the sustainable regeneration of different brownfields. Moreover, identifying regen-
erated sites helps to determine whether the spatial phenomenon of brownfields is being reduced, and to
what extent brownfields as a spatial resource have been redeveloped to reduce the irrational land use and
prevent urban sprawl. Finally, these sites differ according to different functional and physical changes
and can be described as sites of reuse and adaptive reuse. Reuse refers to changes that involve functional
continuation and maintaining the original industrial function. Adaptive reuse refers to changes that in-
volve both a functional and a physical component, whereby the change in function of the site does not
necessarily mean a radical change, but it can be more subtle (Plevoets & Cleempoel, 2019). Further, the
minimum length of the period without any level of site usage was set to one year so that regeneration

could be differentiated from reconstruction.
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The research method includes (1) desktop research and literature review, (2) fieldwork and database

creation, and (3) cartography.

(1) Data were collected on the period of construction of industrial sites, previous industrial activity,
current use, cultural heritage and implemented regeneration measures. The existing sources were
used to identify existing and regenerated brownfields in Banjaluka: the catalog of pre-war business
entities, national and entity heritage lists, academic articles related to the industrial development
of Banjaluka and Bosnia and Herzegovina, a strategic document (GBL et al., 2014) and internet
sources on the decline of industry after the collapse of Yugoslavia. The institutions that the data were
collected from are the Banjaluka City Administration and the Republic Institute for the Protection
of Cultural, Historical and Natural Heritage of the Republic of Srpska.

(2) The field work and creation of existing and regenerated brownfields inventory with all necessary
data for further spatial analysis were carried out to corroborate information gathered beforehand,
namely, to investigate current land use and to determine the level of site abandonment.

(3) To accurately analyze the spatial distribution of brownfields and their characteristics, the data were
processed, transformed into a visual narrative, and visually presented using the QGIS platform.
The maps aid in analyzing the spatial patterns of brownfields within the city and determining their
clustering status. Characterization of the spatial distribution of brownfields was done by in-depth

reading of visually presented data.

2.3 Spatial characterisation of brownfields, spatial analysis of the data

The study focuses on brownfield characteristics based on their mutual spatial relationship and relation
to their host city and surrounding area. The analytical theory that enables the spatial characterisation
of former industrial sites based on their geographic location is the theory of industrial location intro-
duced by Alfred Weber. This theory indicates that industries tend to locate where maximum profit can
be achieved by minimal cost, especially minimizing the transportation cost of raw material and final
product (Hayter, 1997; Smith, 1966; Weber, 1929). Normative approach involves locating industry
in places that allow the lowest costs of production based on three basic factors: transport, labour, and
agglomeration and deglomeration (Weber, 1929). In this regard, an important locational factor is the
transport connection of the industry with the market and resources. Besides, access to labour constitutes
an important determinant for the location of labour-intensive industry. According to Weber (1929),
labour-intensive industries gravitate to central locations, where the labour force is available, while capital-

intensive industries gravitate to suburban locations with a lower land price.

Classical and modern location theories have emphasized the agglomeration and clustering tendency
of industries (Marshall, 1920; Porter, 1990). Industries tend to locate near existing industries that
supply them with raw materials or industries that demand their final products. Weber (1929) de-
fines agglomeration factors as those that lead to the concentration of industry to facilitate technical
improvement, specialization of production facilities, and the establishment of cooperation between
actors within the same industrial branch. Besides functional, clusters have spatial complexity in terms
of size as well. Their boundaries are not limited to the city, but also to regions and even states. They
are expanding due to technological changes and market demands. However, agglomeration of produc-
tion activities is always accompanied by agglomeration of population (Semevskiy, 1978). The labour
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force is located near the place of work, that is, in the immediate environment of the industrial sites
(Scott, 1982). Finally, the concept of industrial decentralization denotes a general social process that
involves a relative change in the ratio between capital and labour and the displacement of production
activity from the city centre to the periphery (Scott, 1982). The main factor that affects the dispersion
of industrial activities is higher land rent and labour cost in the city centre. In addition, industries
will decentralize as they mature and move from innovative to standardized production processes, and
become less dependent on the main market, more skilled labour force and availability of the special-
ized goods and services (Barkley, 1988).

Based on the above theoretical concepts, qualitative spatial criteria for analysis of brownfields and de-
scriptive classification indicators are defined and employed in the research (Table 1). In a preliminary
desktop and field survey of Banjaluka’s brownfields, for each criterion, different categories are identified
(Table 1). Spatial characterization of brownfields was done by in-depth reading and analysis of visually
presented data using the QGIS platform. Finally, based on the recognised spatial characteristics according
to which brownfields differ the most, a typology was created.
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Table 1:  Spatial criteria for analysis of brownfields and their classification into categories.
No. Theoretical framework Criteria Indicator Categories
1. Industrial Location of the Position of the The city core =
decentralization and brownfield in brownfield in Surrounding belt
agglomeration of the city relation to the city ~ Non-urban area
population centre
2. Industrial Brownfield Distance between  Dispersed pattern (multiple scattered sites with

agglomeration and

spatial patterns

brownfields and

equal and/or different mutual distances)

deglomeration geometry of their  Agglomerated pattern (linear agglomeration along
distribution important roads, river and railroad)

3. Industrial Brownfield size Number of Industrial building (very small area site):
agglomeration industrial buildings ~ standalone factory, warehouse or structure
boundaries and structures Industrial block (small, medium and large area

that makes up the  sizes): a group of industrial buildings and/or

former functional  structures (buildings for production, storage,

unity and the area  workspace, catering) which form a functional

they occupy unit, all sharing a common location.
Industrial zones (large area sites): large
independent industrial compound, a group of
industrial blocks.

4. Transport as a factor of ~ Accessibility to Transportation Very good: direct link to express roads (regional
industrial location the brownfield links and the roads, main roads, railroads),

distance to the Good: direct link to first category roads (main
roads of different  city road, first class city road, second class city
categories road, collector street),
Average: direct link to the second and third
category roads (access road, first class local road)

5. Labor as a factor of Brownfield Surrounding land  Mixed-use

industrial location environment use Residential area

and agglomeration of

population

Industrial and business area
Non-built-up area
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3 RESULTS

3.1 Spatial distribution of brownfields in Banjaluka

According to the data gained from the research, there are 36 existing and regenerated brownfield sites
in Banjaluka. In relation to the spatial structure of the city, 28 former industrial sites are located in the
city core, 6 in the surrounding belt and 2 in a non-urban area. Out of 36 sites, 19 are regenerated (10
reuse and 9 adaptive reuse), and 17 are partially regenerated or completely abandoned (5 not in use, 9
partial adaptive reuse, 3 partial reuse) (Figure 1). Out of 17 brownfield sites, 13 are in the city core, 3 in
the surrounding belt and 1 in a non-urban area (Figure 1). Study results indicate that brownfields cover

150 ha or 1.15% of the total city core and surrounding area.

Results of the analysis of the former production activities in Banjaluka have shown that the largest
number of locations was occupied by the food industry (9 sites). However, the most prevalent industrial
activities which covered the largest area of the city were the pulp and paper industry (60 ha), black
metallurgy (30 ha), wood industry (30 ha), food industry (22,1 ha), machine construction (20 ha),
metal industry (19 ha) and electrical industry (9,5 ha). The majority of these industries are located
in the city core. Regarding heritage values, 7 sites out of the total number (19%) are institutionally
protected as cultural heritage, 3 of which are located in the city core, 3 in the surrounding area and 1
in a non-urban area. Although the industrial past of Banjaluka dates to the Austro-Hungarian period,
only 5 sites from that period exist. The construction period of the mills (4 sites) is unknown, and the
rest of the sites (27 sites) were built after World War II, accounting for 72% of all former industrial

locations.

The results of the spatial analysis have shown that the distribution of brownfields is spatially uneven,
and that brownfields are showing a tendency for clustering (Figure 1). They are predominantly
concentrated in the city core (13 sites), while notably sparse in the surrounding belt (3 sites) and
non-urban area (1 site). Out of 13 brownfields in the city core, 10 are located along the inner border
of the city core, while 3 are located in the centre of the city core. The map indicates a significant
agglomeration of 8 brownfields along the east inner edge of the city core. This concentration
of former food industry (13,03 ha), machine construction (4,61 ha), metal processing industry
(14,40 ha) and pulp and paper industry (60 ha) has a linear structure that follows the course of
the river and railroad. Further, 5 brownfields with different murtual distances are positioned in the
central and southern part of the city core, suggesting a dispersed distribution of former mainly
metal processing industry (4,61 ha), graphic arts (1,06 ha) and leather industry (1,6 ha). 3 out
of 9 brownfields of dispersed pattern come out from the city core and fit into the surrounding
belt, while 1 site is located in a non-urban area. The spatial disposition of regenerated brownfields
follows the same logic of dispersed and agglomerated patterns. 4 out of 12 former industrial sites
of an agglomerated pattern are regenerated into new industrial and business use, whereby 3 sites
maintain industrial function. Additionally, 15 out of 24 former industrial sites of dispersed pat-
tern are regenerated, whereby 7 sites maintained their previous function and the rest changed into
industrial and business use (Figure 1, Figure 2).
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Figure 1: Distribution of existing and regenerated brownfields in Banjaluka
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3.2 Spatial characteristics of brownfields in Banjaluka

The map indicates that the 17 identified brownfields embody three different sizes (Figure 3): a) industrial build-
ings- very small sites (up to 1 ha); b) industrial blocks- small sites (1- 5 ha), medium sites (5- 10 ha), and large
sites (more than 10 ha); and ¢) industrial zones (more than 10 ha). All identified brownfields are dominated
by industrial blocks (13 sites), followed by industrial buildings (2 sites) and industrial zones (2 sites) (Figure 3).
Within the city core, two different sizes of brownfields are identified, namely 12 blocks (7 small sites with the
area ranging between 1 ha and 4,60 ha, 5 medium sites with the area ranging between 5,2 ha and 9,70 ha and
1 large site with an area of 14,40 ha) and 1 zone with the area of 60 ha. The average number of buildings in
industrial blocks in the city core is 14, with the number of buildings varying from 4 to 43, while the number
of buildings in a single zone is 84. Within the surrounding belt, the distribution of selected brownfields is less
balanced, with 2 buildings (0,01 ha and 0,35 ha) and 1 zone (30 ha). The number of buildings in the industrial
zone is 36. In a non-urban area, only 1 industrial block composed of 6 buildings (0,45 ha) is covered.

By observing the transportation links and the distance of brownfields to the roads of different categories,
namely regional and main roads and railroad, primary roads and secondary and tertiary roads (Figure 3),
it can be concluded that almost all brownfields have very good and good accessibility, with only 1 site ina
non-urban area of average accessibility. Finally, analysing the immediate environment of the brownfields,
it is observed that brownfields in the urban core are integrated into the built-up area, which is mainly
a mixed-use, business, industrial and residential area. Contrary to this, the immediate surroundings

of the brownfields in the surrounding and non-urban area is non-built and residential area (Figure 3).

3.3 Typology of brownfields in Banjaluka

Typology of the brownfields is based on defined criteria and conducted field and map research. The key
classification criteria were location, spatial pattern of brownfields, brownfield size, accessibility, and sur-
rounding environment. The principal typological classification was made based on brownfields location
within the city, that is, distance to the city core centre (Krajina Square, the central square of the City of
Banjaluka), which puts brownfields into three basic categories, namely, those overlapping with the city
centre, adjacent to the city centre and distant from the city centre (Figure 4, Table 2). Spatial pattern
of brownfields, brownfield size, accessibility, and surrounding environment were additional criteria to
describe the three types in greater detail, which also made division into subtypes possible.

Table 2:  Typology of brownfields in Banjaluka.

TYPE 1 TYPE 2 TYPE 3
Brownfields overlapping Brownfields adjacent to the city centre Brownfields distant from
with the city centre the city centre
Centre of the city core Along the inner border of the city core Surrounding belt and non-
Subtype 2A Subtype 2B s e e
Dispersed pattern Dispersed pattern Agglomerated pattern Dispersed pattern
Industrial blocks (Small sites:  Industrial blocks (Small sites:  Industrial blocks and zone Industrial buildings, blocks
1- 5 ha) 1- 5 ha) (Small sites: 1- 5 ha; and zone
Medium sites: 5- 10 ha; (Very small sites: < 1 ha;
Large sites: > 10 ha) Large sites: > 10 ha)
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TYPE 1 TYPE 2 TYPE 3
Very good and good Very good accessibility Very good and good Very good, good and average
accessibility accessibility accessibility
Mixed-use and residential Business and residential area  Industrial, business and Non-built-up area and
area residential area residential area
3 brownfields 2 brownfields 8 brownfields 4 brownfields
Total area: 6,6 ha Total area: 3,0 ha Total area: 108,5 ha Total area: 31,8 ha
Average area of the site: Average area of the site: Average area of the site: Average area of the site:
2,20 ha 1,5 ha 13,50 ha 7,95 ha
4 DISCUSSION

Brownfields in Banjaluka are unequally distributed and largely concentrated in the built-up urban
core (Figure 1). Out of 17 brownfields, 13 sites (78%) covering 118,10 ha are located in the city core
area, 3 sites (17%) covering 31,35 ha in the surrounding belt and 1 site (5%) covering 0,45 ha in a
non-urban area. This ratio of brownfields is very similar to many other post-industrial cities (De Sousa,
2003; Frantdl et al., 2013; Longo & Campbell, 2017; Sorin & Pompei, 2012). The highly represented
brownfields in the city core support existing evidence that for many cities, brownfields are significant
“space reserves”, and their regeneration is an important mechanism for improving the quality of urban
environments and principles of compact city (Grimski, Ferber, 2001; Dorsey, 2003). Additionally, the
proportion of 19 regenerated brownfields in Banjaluka is the same. 15 sites (78%) covering 90 ha are
in the city core, 3 sites (16%) covering 10,20 ha in the surrounding belt and 1 site (6%) covering 38
ha in a non-urban area. This result complies with the research confirming that location is an important
factor of urban regeneration and claiming that brownfields in city centres are more likely to be regener-
ated than those on the periphery (Frantdl et al., 2013). However, almost an equal number and area of
existing brownfields (ca. 150 ha) and those that are regenerated (ca. 140 ha) indicate that the process
of brownfield regeneration is going on very slowly. This dynamic, in which no more than half of the
brownfields are regenerated, is present in other post-socialist cities (Kunc et al., 2023). The reasons are
mainly found in the complex ownership, lack of finance, environmental burden, and lack of efficient
tools for the management of the process of brownfield regeneration and educated brownfield managers

(Cotig, 2009).

Brownfields in Banjaluka are mainly located in the urban core and are small-scale with an average area
of 6,30 ha. However, 3 large sites along the border of the city core cover an area of 105 ha, which makes
up 69% of the total area of all brownfields. This could be because large brownfields in Banjaluka are not
attractive to investors or are more complex to redevelop in terms of time and finances. Furthermore,
the average area of regenerated brownfields is slightly larger and is 8,10 ha. In the structure of regener-
ated sites, 4 industrial buildings, 8 small industrial blocks (1- 5 ha) and 4 medium blocks (5- 10 ha)
predominate, covering 49,30 ha, which makes over 35 % of all regenerated sites. The remaining 90 ha
are occupied by 3 large sites. This result confirms that the smaller the area, the greater the probability
of brownfield regeneration.
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Two different spatial patterns of brownfields are identified, namely dispersed and agglomerated
distribution, which are underpinned by the rationale of the city’s internal and external transporta-
tion network. Historical development of industry in Banjaluka, connected with the construction
of the railway from the north-west and Prijedor, and its continuation via the city core towards the
southeast along the river Vrbas, created an important linear agglomeration of industrial sites along
the eastern border of the city core. These industries used a large amount of electricity and water,
had a greater need for storage and open spaces, and were dependent on the rail transport. Thus,
this phenomenon of brownfield clusters can largely be attributed to their previous industrial land
use and transportation facilities. Similar patterns of brownfields are also identified in other post-
socialist cities as dispersed spatial patterns characterised by the insular distribution of brownfield
sites within the urban system, occasionally grouped into brownfield clusters, which dominate the
urban area and generate a specific urban fabric (Sorin & Pompei, 2012). Eventually, the tendency
for industrial linear clustering at intersections of railway lines, along rivers, or near energy plants
is already proven in literature (Frantdl et al., 2015), which strongly complies with critical factors
of agglomeration, including industrial commonality, transportation costs, raw material availability,
fuel supply, and water conditions (Porter, 1990). This research showed that the smallest number of
regenerated brownfields belongs to an agglomerated spatial pattern, which can be explained by the

larger average area of the sites.

The most prevalent new use of the regenerated brownfields is industrial and business use, regardless
of the city location (Figure 2). This is consistent with the research proving that the most popular
new functions of the former industrial sites in post-socialist cities are production and services, which
probably results from the ease of using the existing infrastructure and passage from the old to the new
function (Pytel et al., 2021; Rebernik et al., 2023). On the contrary, there is research confirming that
only a small number of cases of regenerated brownfields in the city correspond to the development of
activities similar to former industrial activities, while most of them are associated with the development
of business areas (shopping centres) (Sorin & Pompei, 2012). Contrary to these uniform approaches
to regeneration, after 2000, the transformation of brownfields became more planned and sensitive, as
the interest and awareness of the public towards the industrial heritage and sustainable development
increased. The focus is on new residential functions, services, commerce, administration and mix zones
(Kunc et al., 2023).

The research shows that brownfields in Banjaluka have different spatial relationships with the main built-
up area of the city centre and each other and different spatial characteristics, based on which a novel
typology was defined (Figure 4). Brownfields overlapping with the city centre (type 1) are characterised
by a dispersed pattern, small-scale industrial blocks with an average area of 2,20 ha and a direct link to
regional roads, main roads, railroad, and primary city roads. Regeneration of these brownfields should
be closely integrated with strategies for urban renewal. Since these sites are integrated into a mainly
mixed-used city environment, their development needs to enhance urban vitality and reach a balance

between social and economic values.

Brownfields adjacent to the city centre (type 2) are characterised by small, medium and large industrial

blocks with an average area of 7,50 ha and direct link to regional roads, main roads and railroad, as
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well as primary city roads. Therefore, regeneration of these sites could be relatively independent of
the city’s strategies, offering more possibilities for large-scale and regional projects. These sites are
integrated into industrial, business and residential environments, and therefore strategies should
focus on further economic development, but not threaten the quality of housing. Moreover, dis-
persed small industrial blocks (subtype 2A) could be treated independently within regional strate-
gies. Besides, agglomerated small, medium and large industrial blocks and zones (subtype 2B) exert
a significant spatial impact on urban areas due to their size and complexity. This research showed
that there are more brownfields of this type, and they occupy more than 70% of the brownfield area
with an average area of 13,56 ha. This is the reason why a holistic strategy for agglomerated sites is
required, and regeneration should not be isolated. However, it is crucial to avoid homogenization of
planning proposals and enhance the distinctiveness of each regeneration project. Moreover, unique
characteristics of each site, contributing to the originality of the local structure of inhabitants and
users, should be considered (Pytel et al., 2021). Since these sites are closely tied to the natural en-
vironmental conditions of their locations along the river, regeneration approaches need to consider
their environmental impacts and contribution of brownfield land to urban green infrastructure and
ecosystem services (Preston et al., 2023). Besides, there is a convenient link between individual
brownfields due to the transportation factors of agglomeration, which allows future complementary
new functions on brownfields to support each other.

Brownfields distant from the city centre (type 3), located in the surrounding belt and non-urban area
of Banjaluka, are characterised by a dispersed pattern of industrial buildings and a large industrial
zone with an average area of 7,95 ha, direct link to express roads and first, second and third category
roads, and a non-built up and residential environment. Regeneration of these brownfields should
be closely integrated with strategies for activation of non-urban areas and a polycentric model of
development of non-urban settlements, as well as improving economic, tourist and public service
capacities. Development of tourism and entrepreneurial and public functions, along with imple-
mentation of incentives for living and working in the non-urban area, should be in focus of these
strategies. In this way, regeneration of these brownfields contributes to the coordinated urban and
rural development goals (GBL et al., 2014). Eventually, sites valued as industrial heritage, which
are most prevalent in this type, should be the subject of strategies for industrial heritage protection
at the local and regional level. Further, values of industrial heritage should be an integral part of
brownfields regeneration strategies, because cultural heritage plays an important role in the spatial,
social and economic aspects of the regeneration process (Pytel et al., 2021). Industrial brownfields
are remnants of past industrial processes as well as evidence of the unique identity that industrial

landscapes have acquired over the years, becoming integral components of cultural and architectural

heritage (Arbab & Alborzi, 2022).

5 CONCLUSION

Brownfields are a significant spatial resource of the city of Banjaluka. Thus, a thorough understanding
of the spatial character and disposition of brownfields within the city should be considered for creating
spatial strategies for sustainable brownfields regeneration. More precisely, strategies should consider the
qualities and potentials of brownfields coming from their urban location, mainly their spatial relation-
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ship with the city, environment, and each other. Otherwise, neglecting different types of brownfields
and their uneven agglomerated and dispersed patterns within the city will not enable comprehensive
brownfields development. On the contrary, it could make homogenized regeneration solutions with no
reference to integral urban development goals. Meanwhile, the practice of regeneration that has been
going on for the last two decades will continue. Ignoring this practice in the context of spatial strategies
of the entire city is a crucial omission in planning.

The model used for the multi-criteria spatial analysis is a tool for considering brownfields as a network
of spatial spaces within the city and understanding the spatial aspect of urban regeneration. The model
enables identifying brownfields with different spatial characteristics; that s, it offers the possibility of
their future reintegration into the city territory. The analysis results, i.e., different spatial relationship of
brownfields with the city, their environment, and each other, show the importance of brownfield loca-
tion as a determinant of its spatial character. Precisely, they enable reflection on the brownfield stock
through the lenses of industrial geography that is not based on sites as isolated spatial units, but a single
entity determined by the factors of industrial location.

The brownfield database and typology can inform spatial planning by offering opportunities for dif-
ferentiated strategies and targeted measures for brownfield regeneration and facilitating the achieve-
ment of local and regional sustainable development goals. Different types of brownfields should be
carefully considered for creating spatial strategies for balancing between urban expansion, optimization
of space, and development of small-scale and large-scale urban projects. This would complement the
urban spatial strategies based on efficient land use. Secondly, the typology may be useful for initial site
investigation to identify constraints or hindrances to brownfield development (e.g., size of the site, ac-
cessibility, environment, etc.), along with other relevant studies. Precisely, it can help governments and
investors have more detailed information on land resources and prioritize brownfield redevelopment.
The analysis model employed in the research can be improved in the context of research techniques
through software and geodetic databases for spatial mapping and analysis. The method used to create
brownfield typology in this single case study research is transferable to other post-industrial cities to be
tested for further improvements. By offering a comprehensive and profound perspective on the status
of brownfields in Banjaluka, this research endeavours to lay the groundwork for subsequent compara-
tive studies with other cities.
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