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Abstract. The wide implementation of circular economy
and industrial symbiosis in the Balkan and Meditemranean
region lags behind most of the other European countries.
The economic crisis has had a significantimpact to the
local businesses, eliminating new investments. Regarding
specifically solid waste, which is the typewith the highest
increase in terms of annual generation over the last decade,
the situation is aggravated by the lack of national or
regional strategies. In this paper, taking into consideration
the results of the implementation of SWAN research
project, which led to the design and development of a
digital solid waste reuse platform for the Balkans, our
objectives are: (a) to compare the current state of solid
waste management in four different countries (Albania,
Bulgaria, Cyprus, Greece), (b) analyse the opinions of
various directly involved actors on solid waste
management issues and on their familiarisation with new
concepts such as circular economy and urban/industrial
symbiosis; and (c) compare the feasible business modeks in
all four countries, in terms of their quantitative and
gualitative characteristics.
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1. Introduction

The main objective of the SWAN project was, as already
mentioned, the design and development of a digital solid
waste reuse platform for the Balkans (University of the
Aegean, 2020). A further equally significant goal of the
project is to safeguard the management of the knowledge
gained, thesynthesis of theresults and the definition of the
prerequisites for the viability of this venture after the
completion of the project. Within this context, this paper
will be drawn up to present the experiences, current state
of affairsand the future plansin allthe countries-partners
and show their similarities and differences related to the
scope of this project. These need to be taken into account
in order to determine common best practices, develop
transnational waste reuse value chains and establish new
tools, like the SWAN digital platform (Angelis-Dimakis et

al,2021),asavehicle for theestablishmentand the spread
of circular symbiotic schemes.

Followingthis brief introduction, the paper is structured as
follows. Section 2 looks at the solid management situation
in the four countries involved in the project. Section 3
presents and comments on the main findings drawn from
the data collected from solid waste sources and potential
receivers in the four countries. Finally, Section 4
summarises the conclusions.

2. Solid Waste Management

Over the last ten years, Greece, Cyprus, Albania and
Bulgaria have updated their waste management plans and
have defined their strategy, policy and targets of waste
management on a national level, aligning their policies
with EU. Nevertheless solid waste management still
remains a major structural challenge for all the above
countries despite their differences (European Commission
2019a,2019b, Anon,n.d.).

Landfillingremains as a general practice the mostcommon
method of wastedisposal butthe number of illegal landfills
that are stilloperational or in need of relocation, has fallen
over the years. However, according to the European
Commission’s 2018 ‘Early Warning Report’, al 4
countries are at risk of not meeting the 2020 municipal
waste recycling target of 50%(European Commission,
2018).

The low absorption rate of European funds, which could
be invested in waste management and circular economy
projects, isa long standingandserious problem. Themain
reasons for that are, the lack of reliable data and the
difficulties in cooperation among the authorities assigned
with the management of the funds and the potentil
beneficiaries (European Commission 2019a, 2019b,
2019c, 2019d).

It is obvious that although serious steps have been made
overthe lastyearsin all four countries, there is still a lot of
work to be done in the waste management field in all of
them. Only a small proportion of the waste is recycled
and/orused assecondary raw material. There is a need to
introduce a clear and well-defined strategy regarding a
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waste management market. Moreover, the number of
waste management companies is small compared to the
average for the EU countries. Finally, for certain types of
waste, there are no viable solutions for material recovery.

Concluding, it may be argued thatin all four countries
there is plenty of room for the introduction of new waste
management policies and the further enhancement of
practices registered in the context of circular economy. It
is obvious that despite the differences in the level of
circularity among those countries they are still lagging
considerably behind most the EU countries. The need to
increase the awareness of all the stakeholders involved,
develop a progressive and homogenous institutional
framework along the lines of the green deal and the
adoption of modern practices and knowledge management
mechanisms in circulareconomy are key prerequisites for
every country butalso for their network. The factthat three
of those countries are already EU members and Albania
goes through the accession process facilitates their
realization. The development of know-how and the
transfer of best practices through both the European
cooperation mechanisms and the free-market synerges
could have a significant impacton the shaping ofa modem
approachto wastemanagementin all four countries.

3. Data Collection

As part of the SWAN project, a questionnaire was
distributed to various solid waste sources and potential
receivers industries and municipalities. The questionnaire
was built around three main sections: (&) main
characteristicsof therespondent (name, type, location); (b)
major solid waste streams and potential input streams that
will be considered for waste reuse; (c) knowledge around
the concepts of industrial symbiosis and willingness to
participate in symbiotic schemes.

The total sample consisted of 81 units for Albania, 153 for
Bulgaria, 108 for Cyprus and 216 for Greece. The
following three sections summarize the findings of the
questionnaires and draw some initial conclusions before

analyzing furthereach country separately.

3.1 Public Perception

This subsection looks at the familiarisation of all the
participants with the basic concepts of circularity and their

willingness to participate in industrial sy mbiosis projects.
The following four questions were chosen as the most
representative, ones in order to analyse the opinions of
variousdirectly involvedactors:
e Q1: Are you familiar with the concept of circular
economy?
e Q2: Areyoufamiliarwith the concept of industrial
symbiosis?
e Q3: Are there any existing symbiotic links in the
company?
o Q4: Wouldthe unitbe interested in participating in
symbiotic value chains?

Figure 1 summarizes theanswers of the involved actors in
three of the examined countries. As it can be pointed out:

o Mostof therespondents in all countries are familiar
with circulareconomy.

e Their familiarisation with industrial symbiosis is
lower, as expected, since it is a more specialised
topic.

e The rate of implementation of industrial symbiosis
links is rather poor in all countries,with the
exception of Greece.

e The respondents in all countries were very willing
to participate in industrial symbiosis projects.

Greece
100%
50% I i i I
0%
Q1 Q2 Q3 Q4
EYes ONo
Albania
100%
SO% I I u I
0%
Q1 Q2 Q3 Q4
EYes ONo
Bulgaria
100%
50% I I H I
0%
Q1 Q2 Q3 Q4
EYes ONo
Cyprus
100%
SO% I ' H '
0%
Q1 Q2 Q3 Q4
EYes ONo

Figure 1.Public perception on Industrial Symbiosis and
Circular Economy

3.2. Industrial Profiles
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This subsection looks at the profile (size and type) of the
industries participated in the research in the four countries
and the findings are summarised in Figure 2.

Greece Bulgaria

Micro Sma SME Irge Micr Small

Albania Cyprus

Micro Sma SME arge Micre small SM Large

Figure 2. Size profile of the industrial sites

Greece hasa more uniform sample in terms of size, since
all four categories are equally represented. There are no
crop oranimal productionssites in the sample, which makes
sense since the analysis focused on the region of Attica,
which is mostly urban. There are many different sites of
various types (just one site of each type in many cases).
The most commontypesare metal production (10%), food
production (6%) and paper manufacturing (5%).That
makes it difficult to draw conclusions on a sectoral bask.
The majority of the business models proposed will be on
the basis of anindividual industry.

The majority of the sites (84%) in Bulgaria are micro
enterprises or small firms. The sample is dominated by
crop and animal production and related service activities
(23%). From the remaining industrial sites, the most
common types are metal manufacturing (22%), brick
manufacturing (6%), wastewater treatment (7%) and
electricity production (6%).

Albania is characterised by a similar profile with Bulgaria,
in terms of size, since 73% of the sites are micro
enterprises or small firms. However, there are a few sites
or just one site of each type in most of the cases, which
again makes it difficult to propose symbiotic schemeson a
sectoral basis. The most common types of industrial sites
are food production (10%) and furniture manufacturing
(5%).

Finally, 62% of the industrial plants that answered the
guestionnaire in Cyprus are smalland medium enterprises
(SMEs). Food production companies (17%) are the
majority of the sample. The other remaining common
types involve quarries and miningsites (15%), wa stewater
treatment (8%) and brick manufacturing (7%).

3.3. Available Waste Streams

This subsection looks at the composition of the waste
streams, as identified in the completed questionnaires for
each country. Waste streams are defined as streams thatthe
holder discards or intends or is required to discard, based
on the Directive 2008/98/EC.

Table 1 provides an overview of the most common waste
typesof allthe units involved in each of the four countries.
The valuein the lastcolumnindicates the number of waste
streams of that type, for all the respondents. As it can be
seen, 56 of the Greek units in the sample have recorded
paper waste streams, 21 of the Albanian units have
recorded plastic waste streamsand so on.

Table 1. Most common waste types for the four involved
countries

Type of Waste Number of Streams

Greece

Paperand Cardboard Waste 56

Metallic Non Ferrous Waste 54

Mixed Materials 48
Chemical Waste 47
Vegetal Waste 31
Plastic Waste 30
Used Qils 28
Albania

Mixed Materials 33
Plastic Waste 21
Household Waste 18
Paperand Cardboard Waste 15
Bulgaria

Metallic Ferrous Waste 67
Plastic Waste 61
Household Waste 57
Paperand Cardboard Waste 40
Wood Waste 32
Used Qils 29
Metallic Non Ferrous Waste 28
Cyprus

Plastic Waste 65
Paperand Cardboard Waste 61
Glass Waste 36
Vegetal Waste 31
Household Waste 25
Common Sludge 22

Although thesevaluesare not fully representative, asthey
do not give an indication about the quantitative
characteristics of the waste streams (quantity, seasonal
availability), they can guide an initial discussion about the
focus of potential collaborations schemes.
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By looking closer at the proposed business models based
on the best practices database, incorporated in the SWAN
platform, it can be concludedthat:

e Thelarge numberof streamsand the wide variety of
waste types, in combination with the big number of
industries involved in the sample, makes it very
difficult to draw generic conclusions for Greece. A
more detailed case by case analysis is required to be
able to drawmore valid conclusions.

e Theonly feasible symbiotic schemes in Albania, can
be based on plastic (mostly, since these constitute
one of the major streams) or metallic waste streams.

e Theonly identified business model in Bulgaria, is the
exchange of fly ash between power plants and
cementindustry.

e Theproposedpotentially feasible businessmodels in
Cyprus are based on plastic waste, industrial and
common sludge (with cement industry being the
main consumer) as well as paper and cardboard
packaging. There are also a few individual cases
based on food industry waste streams but further
research isrequired.

4. Conclusions

The scope of this paper was to look at the findings of the
SWAN project in the four countries (Albania, Bulgaria,
Cyprus, Greece) involved and (a) to compare the cument
state of solid waste management (b) analyse the
familiarisation of the stakeholders with new concepts such
as circular economy and urban/industrial symbiosis; and
(c) compare the feasible business models in all four
countries, in terms of their quantitative and qualitative
characteristics.

The main conclusions are summarised below:

e Serious steps havebeen madeoverthe last years in the
waste managementfield in all four countries but there
is still a lot to be done. However, despite the
differences in the level of circularity among them,
they are still lagging considerably behind most of the
EU countries. Hence, there is plenty of room for the
introduction of new waste management policies and
the further enhancement of practices registered in the
context of circular economy.

e The familiarisation of the stakeholders in the waste
management field of all countries with the concepts of
circulareconomy and industrial symbiosis is high and
the same goes for their willingness to participate in
industrial symbiosis projects. These findings reflect
their particular interest for these issues, which is
largely related to both their financial pursuits and the
obligation to comply with the prevailing institutional
framework. However, the current rate of
implementation of such projects is low.

o The majority of the industries that participated in the
project were SMEs and small industries of various
types, which constitute the backbone of the national

economy, notonly in the four countries of the project
but in many other European countries as well. Such
industries have traditionally hadan extra difficulty in
adopting new trends, mainly due to the shortage of
financialand other means. Hence, their high degree of
familiarisation with circular economy and industrial
symbiosis concepts is very encouraging for their
future prospects.

e The Circular Economy Business Modelsare mostly
collaborative in the case of SMEs. While
collaboration often occurs spontaneously, in many
casesthere is a need for external facilitation. Industrial
symbiosis networks, as well as clusters and eco-
industrial parks, with their concentration of research
and business and tradition of cooperation are all
suitable breeding ground for suchmodels.

e  The number of identified business models depends on
the quality and the variety of the collected data. A
more complete feasibility assessment was carried out
for the case study of Cyprus, built around food and
cementindustry. This does notmean that there are no
feasible business models for the remaining three
countries, butthat the financial data collected were not
enough to formulate business models and/or assess
theireconomic feasibility.
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