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Abstract: Industrial symbiosis (IS) recognizes the exchange of waste resources and by-products
between companies that do not normally cooperate in resource exchange; on the other hand, urban
symbiosis (UrS) recognizes the use of solid waste in cities as input sources for industries that do
not normally accept these sources. It is difficult to realize both in a pre-planned process, and there
are few successful initiatives based on the exchange of waste and energy. The main objective of
this research is to find out whether there are urban strategies that support the emergence, existence
and development of IS and/or UrS in Slovenia. National documents, networks, projects, programs,
and national statistical sources were examined. The Integrated Sustainable Urban Development
Strategies (ISUSD) for eleven cities and municipalities were reviewed against ten selected indicators.
The main findings are that there is intense awareness raising on IS and UrS, and adequate overall
legislative support, aligned with EU legislation. Nevertheless, there has been surprisingly less waste
conversion to energy recovery since 2010. The reuse of by-products either for energy or new products
is non-existent or negligible. Selected main urban strategies for cities in Slovenia are far from setting
more concrete guidelines for the development of IS and/or UrS. In the future, more successful
integration of IS and UrS is possible in the context of regeneration development of brownfield sites.

Keywords: industrial symbiosis; urban symbiosis; circular economy; waste management; waste to
energy; Slovenia

1. Introduction

Symbiosis is a phenomenon in biology when two different organisms live in a com-
munity that is beneficial to both, i.e., coexistence [1]. Frosch and Gallopoulos [2] published
the assumption that an industrial ecosystem (the space of an industrial or commercial
area) could function analogously to a biological ecosystem (a space where a biological
process occurs in nature); in such an industrial system, the use of energy and materials
would be optimal, and waste and pollution would be minimized. Industrial symbiosis (IS)
has become a recognizable part of the industrial ecology (IE) field [3]. While IE operates
at the global, regional, corporate, and enterprise levels [4], the term IS has been used to
refer to enterprise linkages [5] that began to develop spontaneously in Kalundborg (Ka) in
Denmark in 1961.

IS is defined by the integration of traditionally separate industries into a common ap-
proach that involves the physical exchange of materials, energy, water, and/or byproducts
to achieve a competitive advantage [4,6]. Christensen [5] also emphasizes that collaboration
between different industry partners is essential for IS to achieve shared economic and
environmental benefits. The minimum criteria for the IS process are that at least three
companies participate in the IS process, exchanging at least two different sources; the
process and relationships of IS become complex (circular) rather than linear. Chertow [4]
describes the key to successful IS as being based on collaboration and the synergies that
result from geographic proximity. The terminology was modified in part by Laybourn [7,8],
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who argues that IS refers not only to industry but also to other organizations or explicitly to
non-industry partners such as research and government organizations. Based on practical
experience, discussions with contractors and policy makers, Lombardi and Laybourn [8]
propose an alternative definition that defines IS as a business opportunity and a tool
for eco-innovation: IS operates in a network with diverse eco-innovation organizations
and long-term cultural change; knowledge creation, and sharing in the network, triggers
mutually profitable transactions to recover necessary inputs, find value-added targets
for non-productive products, and improve business and technical processes. According
to the authors, geographic proximity, often associated with IS, is neither necessary nor
insufficient for IS, nor is it a central focus in the exchange of physical resources. IS is a
tool for innovative green growth and eco-efficiency gains are the result of IS, not its driver.
To this definition, it can be added that IS becomes a model of sustainability when it can
manage four pillars: Eco-Efficiencies, Collaboration, Adaptability, and Proximity [9].

The concept of IS has been extended to the exchange of urban waste and energy from
industrial complexes and the development of the concept of urban symbiosis (UrS). The
concept of UrS is otherwise very young, having been introduced only in 2009 by Van
Berkel et al. [10]. Therefore, most studies focus on IS rather than UrS or a combination of
IS and UrS. However, because more and more cities have problems with raw materials,
and because many industrial parks are not only an industrial area but also part of an
urbanized urban area where people live, UrS is one way to solve the problems [3]. UrS is
an extension of IS and is defined as “the use of byproducts (wastes) from cities (or urban
areas) as alternative raw materials or energy sources in industrial operations” [11]. The
UrS concept is of particular importance in Japan, where solid waste source separation
systems are well established in municipal systems and uniquely suited to the Japanese core
eco-urban program [12].

The difference between IS and UrS is that the former recognizes the exchange of waste
resources and by-products between enterprises that do not normally cooperate in resource
exchange; UrS, on the other hand, recognizes the use of solid waste in cities as input sources
for industries that do not normally accept these sources [13]. However, both IS and UrS
focus on waste recycling and a network of symbioses through feedstock savings and/or
emissions reductions that provide obvious benefits to society as a whole [3]. Mulder [14]
defines UrS as an innovative strategy to optimize the urban metabolic system. UrS is a
physical, economic, and political challenge, but it presents several obstacles, including the
complexity of managing the interests of all stakeholders involved.

1.1. Does IS and/or UrS Arise Spontaneously or Is It Planned?

Chertow [6] distinguishes between two models of IS formation: the self-organized
IS model and the planned IS model, i.e., the eco-industrial park (EIP). A paradigmatic
example of the first model is Ka, while the second model is a conscious decision to identify
different industrial companies that can share resources in the same location. However, the
condition that both technical and economic factors occur in parallel is difficult to realize in
a pre-planned process [5].

An industrial zone that establishes an efficient exchange of raw materials and energy
between economic units (analogous to nature with little or no waste) is called an EIP or eco-
industrial zone (EIZ). The USPCSD (US President’s Council on Sustainable Development)
also published a definition of an EIP in 1997: it is a community of businesses that work to-
gether with each other, and with the local community, to efficiently share resources (informa-
tion, materials, water, energy, infrastructure, and natural resources), resulting in economic
gain, environmental quality improvement, and equitable human resource enhancement
for the business and the local community [6]. Thus, an eco-industrial/commercial zone is
a place where industrial symbiotic processes can take place. The USPCSD has otherwise
taken a variety of approaches to eco-development, from regional databases to waste parks
with subsequent conversion of existing parks to downtown development, rural develop-
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ment, and enhancement of new urban concepts [6]. In Japan, EIPs exist in the form of
eco-cities.

As industrial development is a form of economic development, there is interest in
IS applications in the form of EIPs for various purposes, including the revitalization
of urban and rural sites, including brownfield conversions, and to promote sustainable
development [6]. Research on EIPs in the USA and Europe has shown that there are few
successful initiatives based on the waste and energy exchange, and that they are difficult to
organize [15].

National states in the EU do not implement national plans for IS and/or UrS [16], but
they follow the development of the circular economy and the EU documents. More often,
actors introduce new local solutions to promote UrS [17]. The key drivers for IS and/or UrS
realization are knowledge of the benefits, supportive laws, plans and policies, knowledge
of IS and/or UrS practices, trust between actors, and concern for the environment and
others [18]. The absence of these drivers, or the reverse process, builds barriers in the IS
implementation. The creation of a catalogue for the exchange of IS and/or UrS resources
and activities, which can serve as an elementary information/data pool to facilitate the
identification of potential IS cooperation partners and further IS activities [19], can initiate
further actions and IS and/or UrS connections between suitable cooperation partners.

1.2. Research on IS and/or UrS in Slovenia

In Slovenia, the topic of IS is only reflected in written contributions after 2010, but
all but one were published in 2015–2020. This means that the subject is quite new on the
national level, and its concept and practice is still not well understood [20]. The issues IS
addresses are also different from international ones, focusing mainly on actors (e.g., trust
building between actors for sharing materials, knowledge, etc.) and spatial issues (e.g.,
spatial distribution of IS, spatial documents and IS, etc.). We could not find any published
research focusing on UrS in Slovenia.

The first such paper starts with reflections on building eco-industrial systems, which
includes the principles of IS [21]. Later, a number of papers focus on social actors and IS,
emphasizing the links between the information and knowledge society and the ecological
aspects of IS, leading to their transformation [22]. Fric continues her interests in a multidis-
ciplinary social approach to the study of IS networks and the influences of socio-cultural
factors on the structuring of IS networks, concluding that most IS are underdeveloped and
poorly understood [23,24]. IS networks cross the boundaries of different systems, which
include the social system [25].

Another set of research articles came from the EU project LUMAT (Interreg Central
Europe). The Urban Planning Institute of the Republic of Slovenia as one of the project
partners also focused on IS issues for green growth and the circular economy. As a result,
some issues were discussed and explored: the lack of integration of the IS concept in spatial
development strategies, programs, and plans at the regional and local levels, illustrated
by the example of Ljubljana [26]; land use inventory and management issues, both of
which can contribute to a developed, holistic approach to IS [27]; and the possibilities of
introducing IS in the city of Kranj in brownfield redevelopment, especially by improving
the attractiveness of (partially) abandoned former industrial areas [28].

The main aim of this work is to find out whether there are urban strategies that
support the emergence, existence, and development of IS and/or UrS in Slovenia. To
achieve this goal, the research was conducted in several steps: first, through a review of
adequate Slovenian national documents, and the diversification and use of the IS and/or
UrS concept; then, extracting essential statistical data on IS and/or UrS in the country,
followed by an examination of urban strategies, as defined by documents titled Integrated
Sustainable Urban Development Strategies, for eleven city municipalities to reveal whether
they support the development of IS and/or UrS in relation to the spatial processes.

The principal conclusions highlight intensive awareness raising on IS and UrS through
various events and networks. The support of general legislation is adequate and is aligned
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with EU legislation, specifically for waste management processes. Nevertheless, there
has been surprisingly less waste conversion to energy recovery since 2010. The reuse of
by-products, either for energy or new products, is non-existent or negligible. The selected
main strategies for cities in Slovenia are far from setting more concrete guidelines for the
development of IS and/or UrS. In the future, more successful integration of IS and UrS is
possible in the context of regeneration development of brownfield sites.

2. Materials and Methods

In the first phase of the research (Section 3.1 Towards awareness of IS and/or UrS in
Slovenia), we used a qualitative method and searched existing reliable documents and
similar sources of information to collect relevant data that could probably be used for the
research. The data for the first phase is publicly available online. We examined national
documents that include the concepts of IS, UrS, and the circular economy; we reviewed
networks that promote IS and/or UrS and actively participate in creating favorable condi-
tions for their development; we reviewed European projects or programs based on issues
of IS and/or UrS; we followed conferences where contributions on IS and/or UrS were
discussed and examples of promotion of the IS, UrS, and circular economy in cities (Table 1).
In this type of research, the results tend to be descriptive, and the conclusions are drawn
from the data obtained.

The second step (Section 3.2 Waste management in Slovenia; Section 3.2.1 Waste to
Energy) was also based on a qualitative method, and the aim was to extract available data
on IS and/or UrS from national statistic sources built on reporting data from companies
dealing with waste (generated waste and handling of waste). Such reporting is mandatory
for companies in Slovenia, and a reporting form is required [29,30]. The data collected on
the basis of the Waste Ordinance [31–33] and other waste management regulations that
require reporting within the statistical region are also based on data on the location of the
waste. Since 2013, Slovenia has also been required to use the IS-Wastes web application to
monitor electronic waste. The defined data are not always publicly accessible, but they are
sent to researchers on request, and it is important to present them as they give an insight
into comparable ratios at the international and national level.

In the third step (Section 3.2.2 By-products as energy source or material reuse), we use
the methodology of case study research, which allows an in-depth investigation of IS in
their real-life setting.

The fourth step (Section 3.3 Urban policies on IS and/or UrS) was to review selected
spatial planning documents in view of IS and/or UrS. The methodology used the following
procedure [34]: downloading the latest version of the documents in PDF files from their
original sources; using the “Find” command in Acrobat Reader and scanning the page
to obtain information about the chapter, paragraph, and sentence containing the selected
terms. These were: IS, circular economy, IE, EIP, industrial ecosystems, urban symbiosis,
environmental management, synergy, green economy, green governance.

The development of policies and instruments in Slovenia is supported by the Op-
erational Programme for the Implementation of European Cohesion Policy 2014–2020,
adopted in 2014 [35]. Due to the possibilities of the Operational Programmes financially
supported by the EU, the cities in Slovenia have decided to prepare new strategies and
implementation documents, the Integrated Sustainable Urban Development Strategies
(ISUSD), which are supported by the Integrated Territorial Investments (ITI) financial
mechanism. In Slovenia, eleven city municipalities are eligible for these funds: Ljubljana,
Novo mesto, Slovenj Gradec, Velenje, Kranj, Maribor, Ptuj, Celje, Koper, Nova Gorica
and Murska Sobota. Guidelines for the ISUDSs enable cities to develop specific urban
problem-oriented measures, while the Operational Programme supports measures that
simultaneously address several challenges.
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Table 1. List of national documents, networks, EU and other projects, conferences and cities activities referring to IS and/or UrS in Slovenia.

National Documents Networks EU and Other Projects Conferences Cities’ Activities

2013 Slovenian Industrial Policy (SIP) Industrial Symbiosis as an Opportunity for
Slovenia

2014 Efficient Use of Resources: Towards
the Slovenian Action Plan

Green Industrial Areas: Innovative
Approaches in Urbanism

2015

Framework Programme for the
Transition to a Green Economy of

Slovenia
Slovenia’s Smart Specialisation

Strategy
Vision of Slovenia 2050

2016
Waste Management Programme and
Waste Prevention Programme of the

Republic of Slovenia

Project work with the business and
non-business community in the local

and regional environment
European Circular Construction

Alliance:
adopting Circular Economy for
internationalization and global

competitiveness of European SMEs in
Building and Construction

CEL.KROG

2017 Slovenian Development Strategy 2030 e-Simbioza

Symbi project

The use of waste as a secondary raw
material—accelerating the transition to a

circular economy with IS

Circular Exchange

Cities and the Circular Economy—From
urban cases and policies to new
opportunities for cooperation

LUMAT

Let’s cooperate. We’re networking. Let’s
shape . . . Future

Circular Economy and IS: Incentives, Key
Factors and Challenges

Partnerships for the Green Economy of
Slovenia entitled: Good practices of the

circular economy in the Gorenjska region
and networking with other actors in

Slovenia
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Table 1. Cont.

National Documents Networks EU and Other Projects Conferences Cities’ Activities

2018

2019

2020
Meet European regional strategies for

sustainable development through industrial
symbiosis
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As a fifth step, in order to predict an IS and/or UrS model and possible scenarios for
IS between economic actors in the municipality of Kranj [36], we created a questionnaire
to obtain information about open source resources in companies and demand for raw
materials as a pre-process of IS and/or UrS. The questionnaire was presented and/or sent
to the selected companies in spring 2018.

The questions were:

• Does the company use an internal waste exchange model?
• Does the company use an external waste exchange model?
• Does the company use the generated by-products model?
• Does the company use the generated by-products model for internal use?
• Does the company use the generated model of by-products from external sources?
• Does the company use a business activity model based on IS, such as the online

platform for waste exchange between companies?
• Does the company use an IS business model which focuses on product manufacturing?

If any of the answers were positive, we asked the interviewees to describe how this
model works in their company.

Two problems arose during the implementation. The first problem was contacting the
listed companies, as it involves company trade secrets that most companies do not want to
disclose. The second problem was of a substantive nature. The companies are not familiar
with the concept of IS and/or UrS and do not understand what it means. Therefore, it
was impossible to simply send a questionnaire to companies and expect a response. The
surveys were therefore conducted as a discussion or explanation of the characteristics of
IS and/or UrS. As a scientific experiment, this approach has failed, although we received
some important individual opinions.

3. Results
3.1. Towards Awarness of IS and/or UrS in Slovenia

The circular economy is one of the goals of the Slovenian Development Strategy
2030 [37,38], adopted at the end of 2017, which does not recognize IS and/or UrS as a tool
to achieve this goal, but gives priority to the sustainable use of energy and sustainable
mobility concepts in all sectors.

In 2013, the Slovenian Government adopted the Slovenian Industrial Policy (SIP) [39],
which supports the development of the green economy as a driving force based on sustain-
able and efficient management of renewable and non-renewable resources and energy, and
it promotes the use of renewable energy also through the IS concept.

The Ministry of Agriculture and Environment prepared the Efficient Use of Resources:
Towards the Action Plan of Slovenia [40] research study in 2014 to obtain information on the
state of efficient use of resources from the political and economic perspective. The research
uncovered the lack of a unified national vision and sustainable strategy that would support
contemporary development trends, including a circular economy and efficient resource
use. Based on the findings, Slovenia adopted supporting documents that will help achieve
the development goals. One of them is the Framework Programme for the Transition to a
Green Economy of Slovenia [41], adopted by the Government of the Republic of Slovenia
in 2015, which recognizes the circular economy and the information society as concepts
that support the transition to a green economy as a fundamental development orientation.

In 2013, as part of the Slovenia Reduces CO2: Good Practices project and as part
of the preparation of the Slovenian Development Strategy, the Operational Programme
for the Use of Structural Funds organized a consultation entitled Industrial Symbiosis as
an Opportunity for Slovenia [42]. At the conference, the possibilities of transferring the
English IS model (NISP) to Slovenia were pointed out.

The Association of Urban and Spatial Planners of Slovenia, together with the Urban
Institute of the Republic of Slovenia, organized the conference Green Industrial Areas:
Innovative Approaches in Urbanism [43] in Ljubljana in 2014 as part of the annual Sedlar
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meeting, which included a discussion on IS potentials. The latter was presented by Rachel
Lombardi of International Synergies Ltd.

In 2017, there was a larger number of consultations on the circular economy in Slovenia
with a focus on IS. The conference of the international project on circular economy, The
Use of Waste as a Secondary Raw Material—Accelerating the Transition to a Circular
Economy with IS was organized by the Institute of Construction in Slovenia and the
project coordinator STORM (IS for Sustainable Management of Raw Materials) ENEA from
Italy. Stakeholders exchanged data on available and needed raw materials during the
consultation, and as a result, over 100 synergies were recorded [44,45].

In May 2017, the City of Ljubljana and the City of Maribor hosted an international
conference on the topic of the circular economy, organized within the framework of the
“Circular Exchange” international platform. Among the best cases presented was the
“Wcycle company” project from the city of Maribor. As part of the project, most public
companies identified 18 circular projects with which they intended to take the lead in the
circular economy at the regional level and beyond [46,47].

As part of “Mesec prostora” (The Month of the Space), the month dedicated to spatial
planning in October 2017, the Ministry of Environment and Spatial Planning of Republic of
Slovenia and the Institute for Spatial Policy in the city of Maribor organized an international
conference “Cities and the Circular Economy: From urban cases and policies to new
opportunities for cooperation” with the aim of increasing the potential of cities in the
transition to a circular economy [48].

In November 2017, the annual international conference of the network of major
European cities (EUROCITIES) 2017 was organized in Ljubljana, with the aim of sharing
experience and presenting successful cases and practices among cities in the transition to a
circular economy. The event was attended by more than 400 participants from 100 cities [49].

In the same month, the annual international symposium of the Society of Paper
Technology Engineers and Techniques titled “Let’s cooperate. We’re networking. Let’s
shape . . . Future” was held, emphasizing networking and mutual cooperation as the basis
for establishing a circular economy in the paper and paper-processing industry [50].

Part of the project, titled “Project work with the business and non-business community
in the local and regional environment”, followed the Creative Path to Knowledge 2016/17
program and an open freely accessible platform, e-Simbioza, was established. The platform
enables the construction of ISs based on the exchange of information on waste sources
between providers, agents, and customers and is a tool for IS and UrS creation [51].

In November 2017, the Government Office for Development and European Cohesion
Policy, as a partner of the Symbi project, IS for Regional Sustainable Growth and an Efficient
Circular Economy, organized an international conference titled “Circular Economy and
IS: Incentives, Key Factors and Challenges” and a study tour, discussions on financial
instruments to promote IS projects and examples of best practice in IS [52]. The Symbi
project concluded in December 2020, and its role for the Slovenian pilot case was to
“empower stakeholders at the regional level to understand and implement the concept of
industrial symbiosis and support companies towards the transition to the circular economy.
This concept aims to train the facilitators to be able to support companies to implement
industrial symbiosis in practice . . . ” [53].

3.2. Waste Management in Slovenia

According to the waste management hierarchy and with the aim of becoming a “re-
recycling society”, in Slovenia, waste prevention is the most desirable aim, followed by
reuse, material recycling, and energy recovery. It has been recognized that adequate
infrastructure is essential for proper waste treatment [54].

Waste processing in Slovenia has increased by 74% since 2002. In 2008, a total of
68% of all waste in Slovenia was recycled. In 2008, recycling was ensured for 77% of
waste from production and service activities, for 29% of municipal waste, and for 47% of
hazardous waste [29]. In Slovenia, about 7 million tons of waste are generated annually.
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The recycling of waste from production and service activities was still around 70% in recent
years. Although the amounts of recycled waste have increased in recent years, the amounts
of disposed waste have not decreased. Ensuring a higher proportion of processed waste is
important, especially from the point of view of protecting natural resources [29].

In recent years, legislation in the field of waste in Slovenia has been amended and
supplemented in accordance with EU requirements. The main regulations governing the
area of waste management in Slovenia are the Environmental Protection Act [55], the Waste
Management Regulation [56,57], and other legislative measures. The legal requirements
are also reflected in the partly high rating of the circular economy in Slovenia in 2016
compared to the EU: In food waste management, the country holds 1st place out of 28;
In recycling rate, 2nd place out of 28; In trade and recycled raw materials, 2nd place out
of 28; In the rate of material reuse, 13th place out of 28; In municipal waste management,
Slovenia is 15th out of 28; In private investment in waste management, it holds 20th place
out of 28, and in patents, it is 23rd out of 28.

The list of the main waste operators depends on the type of waste generated by
undertakings in carrying out their production or service activities, and how they are
treated is a potential categorization for industrial areas with possible development of
IS. The waste receiver in Slovenia can only be a waste collector or processor. Selected
categories (Table 2) are defined based on the Waste Regulation [31]:

• Article 42: Waste processors (with an environmental permit for waste processing);
• Article 42: Waste manufacturers (with an environmental permit for waste disposal);
• Article 30: Waste collectors (with a certificate of entry in the register of waste collec-

tors);
• Article 53: Waste managers (with a certificate of entry in the register of waste man-

agers);
• Article 50: Waste dealers (with a certificate of entry in the register of waste dealers).

Table 2. List of the main waste operators in selected municipalities, depending on the type of waste
generated by undertakings, in carrying out their production or service activities and waste treatment.

Kranj (n) Celje (n) Novo Mesto (n) Nova Gorica (n)

Processing 16 12 11 5
Disposal 2 3 2 0

Collectors 6 12 4 4
Managers 5 20 5 4

Dealers 8 21 5 8

Among the selected municipalities, Celje is the most developed when considering
the number of waste operators. This might indicate that there are more opportunities to
develop IS and/or UrS in the city than in other compared cities. Processing and handling
waste are the primary activities of waste operators in the selected cities.

3.2.1. Waste to Energy

In many production processes, material flows are generated that are unsuitable for
recycling into production processes. In these cases, the goal of zero waste can only be
achieved by converting these streams into energy. The extremely low quality of these
material flows requires particularly advanced solutions in the field of energy capture
technologies, which then flow back into the processes of the circular economy in the form
of energy flows instead of in material form [58].

In 2016, 10 waste incineration plants for the purpose of energy recovery operated in
Slovenia, where 231 thousand tons of waste were recovered for energy (4.2% of the total
waste generated in Slovenia in that year). This was six plants fewer than in 2014 and less
waste conversion for energy recovery (269 thousand tons of waste was recovered for energy
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recovery in 2014), although the number of waste treatment plants increased by 3% between
2014 and 2016 [30].

In a bachelor thesis at the University of Ljubljana, Faculty of Mechanical Engineer-
ing [59], it was found that energy from waste is a non-negligible local source of energy
production which, at the time of writing, is mainly exported abroad. Slovenia does not
have sufficient own capacities for energy recovery from all types and quantities of waste
generated. Kevin Mekicar identified the locations of plants in existing technologies that are
suitable for waste heat treatment processes and stated that the co-incineration process at
the largest capacities in cement and thermal power plants could energetically process all
waste generated in Slovenia that is not suitable for recycling or disposal.

3.2.2. Byproducts as Energy Fuels or Material Reuse

During the research, no examples of byproducts used as energy fuels were found.
For material reuse, a good example is the case of Sij Acroni d.o.o., a company produc-

ing steel and steel products in Jesenice. In the case of Sij Acroni, the IS business model
follows the following categorization [36]:

• The IS model is based on byproducts (non-waste residues);
• In 2018, the Sij Group took over the activity and equipment for slag processing of the

company Harsco Minerali d.o.o., with which it has already been working closely. The
purpose of the acquisition was to consolidate the Sij Group’s operations according to
the principles of circular economy and vertical integration, as slag—a by-product of
steel production—will now be processed by Sij Acroni itself for reuse in production
or marketed as input for other industries. In the business model, this means the
transition from the model of the company (Harsco Minerali d.o.o.), whose business
initiatives are based on IS or IS is the main activity performed by the company, to the
model of IS, where the created by-products are used in internal process or are only one
part of the company’s activities. The aim of the Sij Group is to close material cycles.

Steelmakers are one of the most exemplary examples of the circular economy, produc-
ing products from recycled steel and iron.

Another even more important finding took place: in the case of Sij Acroni d.o.o.,
the IS business model was combined with the spatial development and regeneration of
an anthropogenically modified industrial area (buildings + functional areas). The area
is not defined as a degraded urban area, as it is not abandoned, although it has some
characteristics of a brownfield site. The term “brownfield” is often used to designate former
industrial and commercial sites that are either polluted [60], unused and/or abandoned. In
addition, a brownfield site may be described as “any land or premises which has previously
been used or developed and is not currently fully in use, although it may be partially
occupied or utilized” [61]. However, an IS business model that is simultaneously linked to
spatial development and regeneration of brownfield sites could become a successful model
in the implementation of IS and/or UrS in Slovenia.

3.3. Urban Policies on IS and/or UrS

Spatial planning directs the processes in space [62] and controls them according to
its procedures and methods. The basic task of spatial planning is placing and arranging
activities in space. Spatial plans are legal acts by which the state, region or municipalities
set the guidelines for interventions in space and the conditions for their implementation.
They are divided by level/criterion and time frame. According to the level/criterion,
Slovenia distinguishes between national and municipal spatial plans, and according to
the time frame between strategic and implementation plans. Slovenian legislation also
mentions the inter-municipal spatial plan as an option and enforces the regional spatial
plan, which came into force on 1 June 2018 [63]. Since spatial planning is the responsibility
of local municipalities, cities have an important role in implementing spatial planning
measures. The essential task of spatial planning is to coordinate different interests or sectors
in space.
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The results of the survey of The Integrated Sustainable Urban Development Strategies
(ISUSD) of Ljubljana, Novo mesto, Slovenj Gradec, Velenje, Kranj, Maribor, Ptuj, Celje,
Koper, Nova Gorica and Murska Sobota [64–74] with selected indicators are surprisingly
modest. IS, EIP and UrS are concepts not recognized in these documents (Table 3). The use
of the term circular economy mirrors the documents on the national level, as confirmed
by previous research (it appears in the Slovenian Development Strategy 2030 (2017) [38],
Slovenia’s Smart Specialisation Strategy (2015) [75] and the Waste Management Programme
and Waste Prevention Programme of the Republic of Slovenia (2016) [76]). This research also
confirmed that the indicator IS and/or EIP cannot be found in national spatial documents,
such as the Spatial Planning Act (2017) [63].

However, Ljubljana, the European Green Capital 2016, and top recycler among EU
capitals, is home to The Regional Waste Management Centre (RCERO) (Figure 1) where the
process of biodegradable waste and residual waste of at least 37 Slovenian municipalities
that represent one third of the country’s population takes place [77]. The products leaving
the plant amount to up to 30 thousand tons of raw recyclable materials, up to 60 thousand
tons of fuel and 7 thousand tons of compost annually. Non-recyclable materials are
processed into fuel, which has a similar calorific value to lignite. The fuel actually consists
of parts of untreated waste.

Sustainability 2021, 13, x FOR PEER REVIEW 11 of 15 
 

 
Figure 1. The Regional Waste Management Centre (RCERO) in Ljubljana (Author: SVRK/Črt 
Slavec, source JP VOKA SNAGA). 

4. Discussion 
Assessing academic articles and public events such as conferences, awareness of IS 

has only really grown in recent years in Slovenia. Despite some recognition of the poten-
tials of IS as a sustainable concept in some of the development documents of Slovenia, IS 
is not included in the strategic spatial development documents as a direction or a measure 
for the efficient management of the resources on which Slovenia is dependent. Although 
both IS and/or UrS are already recognized as contemporary concepts in Europe [78–80], it 
is unfortunately not yet so in Slovenia. The concept of UrS is missing completely. 

The integration of IS and/or UrS in Slovenia remains only at the level of orientations, 
although integration attempts in the Slovenian space can be seen through European pro-
jects such as LUMAT. Its pilot action in Slovenia explored the non-systematic manage-
ment of degraded urban areas and business zones in the Municipality of Kranj. The objec-
tive was to stimulate IS based on the management of industrial sites, by directing IS de-
velopment within already urbanized areas and limiting interventions in greenfield areas. 
Various scenarios for different models of IS were presented in the selected pilot area of 
the Municipality of Kranj, depending on the: 
• Locations of economic operators; 
• Locations of degraded urban areas and 
• Locations of business zones. 

Traditionally, municipalities have planned special areas for industrial, commercial, 
agricultural, recreational, and other purposes as well as for residential areas. Furthermore, 
the planning of business zones is carried out on the basis of various starting points and 
objectives [81]. However, as shown in the case study of Sij Acroni d.o.o., an IS business 
model that is simultaneously linked to spatial development and regeneration of brown-
field sites could become a successful model in the implementation of IS and/or UrS in 

Figure 1. The Regional Waste Management Centre (RCERO) in Ljubljana (Author: SVRK/Črt Slavec,
source JP VOKA SNAGA).



Sustainability 2021, 13, 4616 12 of 17

Table 3. Integrated Sustainable Urban Development Strategies (ISUSD) and indicators of IE, IS and UrS.

Ljubljana Novo Mesto Slovenj
Gradec Velenje Kranj Maribor Ptuj Celje Koper Nova Gorica Murska

Sobota

industrial symbiosis (IS) no no no no no no no no no no no
circular economy no yes no no yes yes no no no no yes

industrial ecology (IE) no no no no no no no no no no no
eco-industrial park (EIP) no no no no no no no no no no no

industrial ecosystems no no no no no no no no no no no
urban symbiosis no no no no no no no no no no no
environmental
management no no no no no no no no no no no

synergy yes yes no no no no no no no no no
green economy yes no no no no no no no no no no

green governance no no no no yes no no no no no no
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4. Discussion

Assessing academic articles and public events such as conferences, awareness of IS has
only really grown in recent years in Slovenia. Despite some recognition of the potentials of
IS as a sustainable concept in some of the development documents of Slovenia, IS is not
included in the strategic spatial development documents as a direction or a measure for
the efficient management of the resources on which Slovenia is dependent. Although both
IS and/or UrS are already recognized as contemporary concepts in Europe [78–80], it is
unfortunately not yet so in Slovenia. The concept of UrS is missing completely.

The integration of IS and/or UrS in Slovenia remains only at the level of orienta-
tions, although integration attempts in the Slovenian space can be seen through European
projects such as LUMAT. Its pilot action in Slovenia explored the non-systematic man-
agement of degraded urban areas and business zones in the Municipality of Kranj. The
objective was to stimulate IS based on the management of industrial sites, by directing IS
development within already urbanized areas and limiting interventions in greenfield areas.
Various scenarios for different models of IS were presented in the selected pilot area of the
Municipality of Kranj, depending on the:

• Locations of economic operators;
• Locations of degraded urban areas and
• Locations of business zones.

Traditionally, municipalities have planned special areas for industrial, commercial,
agricultural, recreational, and other purposes as well as for residential areas. Furthermore,
the planning of business zones is carried out on the basis of various starting points and
objectives [81]. However, as shown in the case study of Sij Acroni d.o.o., an IS business
model that is simultaneously linked to spatial development and regeneration of brownfield
sites could become a successful model in the implementation of IS and/or UrS in Slovenia.
Such an approach could add to spatial planning processes, which have, so far, not aimed
toward IS and/or UrS, but simply any industry and/or any other activity.

The identification of development potentials and methods, tools and instruments
suitable for Slovenia, based on successful examples of good practice in both IS and/or
UrS, could focus primarily on stakeholder involvement and education. As Rončevič and
Fric [20] also note, the concept and practice of IS is not well understood even within a small
sample of organizations actively involved in waste management. This finding is similar to
our experience in the fifth step of the research. It seems that the success of implementing IS
and/or UrS in Slovenia is not to distance oneself from considering IS only as a business
model, but to focus on the actors and stakeholders, their cooperation, trust building and
information exchange. This delicate field of action and research is a necessary basis for
the further development of IS and/or UrS in Slovenia, and its inclusion in space, where
co-design, participatory planning processes and negotiations are starting to become part of
urban strategies.

Regarding the reaction of companies to the online platform for sharing information
on waste and byproducts between companies, we again came to similar conclusions as
those of Rončevič and Fric [20]. Companies would await this opportunity to create future
collaborations and possible IS and/or UrS with great interest, as such online tools would
allow them to optimize their search for potential IS actors with relevant types of byproducts,
or waste materials, for exchange.

5. Conclusions

One of the flagship initiatives of EU2020, the European framework development
strategy, is to promote sustainable growth based on resource-efficient management. Due to
the limitation of the excessive use of natural resources, in 2011, the European Commission
adopted the document “Roadmap to a Resource Efficient Europe”, which recognizes IS
as a tool to promote effective production that encourages the reuse of raw materials. In
order to promote sustainable production and consumption, the EC tells member states that
they must help companies to cooperate in creating sustainable models, as is the concept of
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IS [82]. It seems that this process is still in its early stages in Slovenia, so urban strategies
that include IS and/or UrS will integrate both concepts more slowly than expected.
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