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Abstract: This article seeks to propose a waste-management model based on qualitative and quanti-
tative research. Specifically, an analysis of the flow of municipal waste was carried out, with the case
involved being that of the biodegradable waste generated in households of Poland’s Łódź Metropoli-
tan Area, which is heterogeneous from the points of view of both settlement structure and land use.
The analysis of flows of waste then served an evaluation of the system of waste management in the
study area, while also representing an important input into a process of identification of problems
and possible solutions via so-called PULL (“Peri-Urban Living Lab”) workshop methodology. Indeed,
the research detailed here was participatory throughout (from the stages of problem identification
through to conclusion-drawing). All of these stages to the work were kept cohesive through the use of
an advanced tool allowing for both analysis of the given area and the devising of strategies by which
circular economy could be developed. Specifically, GDSE (GeoDesign Decision Support Environment)
programming—devised within the framework of the REPAiR Project—offered opportunities for
flows of different kinds of materials and raw materials across space to be identified. It also served
in the implementation of Eco-innovative solutions (EIS), as were developed jointly in cooperation
with participants of the PULL workshops. The article offers a synthetic presentation of the results of
different stages to the research, along with a synthesis relating to the waste-management context,
with particular account taken of the development of the circular economy.

Keywords: waste management; circular economy; GeoDesign; governance; Łódź Metropolitan Area

1. Introduction

The matter and phenomenon of the growing amounts of wastes being generated
by human beings initiated the development of research into new kinds of technology,
management and planning. Waste management links up with a series of processes associ-
ated with the planned receipt of wastes, the setting-up of routes for vehicles to travel, the
selection of processing technologies, the locating of infrastructures (containers, shelters,
waste-processing installations, storage areas and incinerators), strategic planning to en-
sure the necessary future processing capacity of installations, the timetabling of deliveries
and the dividing up of a country, region and local-authority area to meet the needs of
management [1].

A particularly problematic issue here can prove to be the organised collection or
receipt of wastes—as well as their subsequent management in all its manifestations—in
areas that are diverse from the point of view of geographical conditions [2]. Matters
of key significance in each such situation will include the function that an area serves,
its settlement structure and demographic conditioning—as all related or subordinated
to the given unit of local or regional government responsible for such matters. These
kinds of factors are proving to be highly dynamic, and—bearing in mind the need for
long-term planning of new investment and new developments in waste management—
these processes and the subsequent management activity are obviously of more and more
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significance. Indeed, waste management is looking like a particular challenge for the
burgeoning cities in the developing countries, whose generation of wastes is mushrooming,
along with attendant servicing costs that can prove impossible for those involved to bear [3].
In Poland, new residential developments mainly appearing in the suburban zones of cities
are located in areas characterised by a lack of continuous built-up area, with this taken to
imply higher costs of public services [4]. It is only now that work is being done to shape
processes by which we may identify influencing factors—at the stage at which principles
for the shaping of a waste-management system are being developed in areas that are
themselves still under development [3].

A review of the literature has revealed a fairly rich spectrum of studies addressing
waste-management issues. However, as the analyses are often of global in nature, trans-
lation down to the local dimension often proves difficult. It is not entirely clear what
European Union (EU) climate policy or national plans for a circular economy will mean
for local policy relating to development, what processes will be triggered, and what the
consequences for local communities are likely to be. While some of the analyses deal
with governance, flow analysis or the transport of waste in a given region, searches for
references to territory treated as an organism diverse in almost every respect, functioning
under specific rules and represented by specific stakeholder groups are found to be in vain.
The problems on the local scale are more complex than macroeconomic data might suggest.
Obviously, a comprehensive approach to research carries certain risks, so at the outset it
should be noted that the study presented in this paper does not address all aspects of waste
management. Passing references to processing technologies that appear in this text forman
element of the expert studies under the REPAiR project and are not the subject of this study.
Instead, the analysis carried out by reference to the example of the Łódź agglomeration
revealed and offered additional opportunities for analysis in the contexts of the cognition,
spatial planning and implementation of eco-innovative solutions on a local scale. It was
therefore this aspect that emerged as most interesting to the authors, especially in view
of the way the waste management system in Poland has been developing dynamically in
recent years, even as technological development and changes in the behaviour of society
have also been taking place. This leaves it necessary for a model framework to be devised
so that the municipal waste-management system can be described using both workshop
potential and the potential of human beings as stakeholders and hence future beneficiaries
of solutions.

Against that background, this article has sought to set out and explain the relation-
ships pertaining to a triad of linkages involving: the generation and flow of wastes in
an agglomeration →perceptions relating to (and the management of) the process(es) by
which wastes are collected and utilised →possibilities for public-participation methods
to be applied on the basis of the use of ICT (Information and Communication Technolo-
gies). The work detailed here therefore pursues further certain matters raised within the
REPAiRProject framework (Horizon 2020). The motivation for taking up the issue of waste
management was a geographical context associated with the directions taken by flows of
biodegradable wastes generated in the internally differentiated area of central Poland’s
Łódź agglomeration. According to Czapiewski et al. [5], biodegradable wastes constitute
around 30% of all municipal wastes and may have various kinds of secondary use made
of them.

However, Poland has so far made only limited use of the potential biodegradable waste
has to offer, with this seen to reflect the difficulties encountered with their management,
given unfavourable conditions of a legal, social, infrastructural and economic nature. It
has been in this connection that the authors have sought to do research using modern
methods and tools—i.e., PULL (Peri-Urban Living Labs) and GDSE (the GeoDesignDecision
Support Environment)—with a view to waste-management problems being identified, and
strategies developed, in a participatory and synergistic manner. This article’s authors
refer to results from the above Project, while posing questions on how Project conclusions
in the waste-management context may be synthesised, on the basis of a now-detailed
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understanding of the directions taken by a region’s flows of wastes. The resultant effort
has indeed supplied conclusions regarding a model for the management of municipal
wastes that refers to methods of planning in line with actual spatial flows of wastes, as
well as possibilities and means for these to be managed. The basis throughout has been
the GeoDesign research concept [6]. The Łódź Metropolitan Area was chosen for study
in the face of a scientific postulate that analyses of aspects of development of the circular
economy are still lacking at the level of such smaller spatial units as the agglomeration
or city. This may be seen in the way most literature apparently focuses on much larger
units—mainly because more-detailed data at other levels is lacking [7].

The paper is divided into 7 main parts. Following their Introduction, the authors de-
vote space to a review of the broad spectrum of available literature and to a characterisation
of the waste-management system in Poland as seen from the legislative perspective. The
research methods used are then described, before the paper’s main part offers a description
of the results of flow analysis, as well as the participatory and social methods used. Two
last parts are then devoted to Discussion, with the authors relating the results of their
research to the subject literature, and Conclusions—in which they reflect on the potential
of the methods presented, as well as the results of the social and spatial research results
carried out.

2. Waste Management—A Theoretical Overview

The literature can offer us many studies devoted to selected aspects of waste man-
agement. When it comes to the spatial aspects, researchers have used GIS (Geographic
Information Systems) to focus on optimised transport (e.g., [8–10]), decision systems for
location of infrastructure [11], methods of such analysis [12], multi-criteria a spatial analy-
sis [13,14], GIS network optimization models [15], as well as analysing possible locations
for waste-treatment and processing installations using GIS decision models on the case
study of small region including several gminas [16], assessing amounts of waste gen-
erated [17,18] and analysing flows of wastes by way of MFA (Material Flow Analyses,
e.g., [19,20]). Additionally conducted were comparative analyses of systems of waste
management in Poland and other EU Member States [21], analyses of amounts of wastes
generated through the year in different cities of Eastern Europe [22], comparisons of the
waste-management systems present in European states [23] and regional analyses on the
whole-country scale and in the context of the relationship between waste management
and environmental pollution [24]. Many publications have referred to organisational (or
institutional) aspects, and to systems assisting with decision-making (e.g., [11,25–29]),
including as regards regional-level planning relating to harmful wastes [30] and the role
of stakeholders in planning [31]. Beyond that, a great deal of work has been devoted
to analysing the waste-management systems of different states, like Portugal [32], South
Africa [28] and Uganda [33]. Additionally raised widely is the aspect of waste-processing
technologies, not least in the context of environmental impact, costs and social aspects,
like LCA [34,35], based on Leontief’s input-output theory [36], and strictly referred to the
aspects of various technologies [37–39], inter alia focused on chosen ones [40].

A period of dynamic development of work on waste management came in the
1970s–1990s [41]. However, this was as conceived broadly, with the associated circular
economy mainly being addressed on a macrostructural scale. Detailed analyses of flows of
wastes only began to be carried out once the technological possibilities for doing that had
been enhanced. For example, in recent years, many models relating to transport economics,
means of management and influences on the environment have emerged. Given the multi-
aspect nature of the problem, the complexity of settlement structures and the dynamic
nature of demographic processes, multi-criteria models have proved especially suitable.

A comprehensive study devoted to models of waste management was developed
by Ghiani et al. [1]. Those authors drew a distinction between location models that were
single-period, multi-period or multi-purpose, integrating economic and social components
and with an unknown. Where objectives of research are concerned a distinction is drawn
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between 3 categories of model entailing: life-cycle assessment, cost-benefit evaluations of
system functioning and facilitated decision-making [41]. MSWMs (Municipal Solid Waste
Management Models) have been divided into 2 groups [26]. The first group relates to
social factors in decision-making processes, while the second concerns public participation
at different stages, even as the most important role is seen to be played at the level of
recognition of the problem and education. MSWMs can also be divided in line with the
method used. To be distinguished among the latter are CAM (the Consensus Analysis
Model), MCDM (Multi-criteria Decision Making), MOP (Multi-objective Programming)
and LCA (or Life Cycle Assessment). All of these can serve as instruments assisting with
strategic planning. They supply valuable information in regard to flows, the possibilities
for wastes to be reused and the consequences of different planned solutions.

The practice of waste management is dependent on several factors and is not confined
to the determination of ways of designating and directing wastes, or the effort to meet
the standards set out in law, e.g., in matters of what share of all wastes go for recycling.
The essence of strategic planning is to foresee processes capable of influencing how a
system operates. In turn, amounts of municipal wastes generated are seen to depend on
population, among other things, and that also differs from one area to another and over
time. Dyson and Chang [42] devised a model taking account of system dynamics and
making the results dependent on changes of these kinds. Their study area was the then-
dynamically developing city of San Antonio. Indeed, dynamic processes of urbanisation
and suburbanisation demand that solutions be implemented appropriately in advance,
hence waste management being more difficult in areas like San Antonio than where change
is either absent or limited. The building of new waste-processing installations can take
between 1 and 4 years [1], and in this connection the models anticipating change and
forecasting potential consequences play a major role in the strategic planning of new
developments and system management. A strategy should take account of the rate of
change in the given area and be based on skill in adapting infrastructure to future need.
In further stages, planning should focus in on the devising of optimal paths, choice of
contractors, location of new developments and their processing capacity, possibilities for
wastes to be processed, the introduction of new technologies and so on.

Appropriate management is a basic element in the process of transformation from
a linear to a circular economy [43]. Research into a waste-free economy was carried out
in Poland as early as in the 1980s [44]. Today, the term is applied widely in the context
of the development of waste management [45–47]. As the circular economy remains a
major challenge for weakly-developed countries [48], these first take steps that focus on
appropriate organisation and the devising of management models.In Poland, research
on the circular economy was carried out in relation to the extractive-industry sector by
Smol et al. [49]. The present study extends such literature devoted to the circular economy,
and also brings in social and spatial aspects of research in the context of the utilisation of
municipal wastes.

3. Waste Management and the Polish Legal System

Waste is a by-product of human activity, introduced into the environment in small or
large quantities, including as the primal product, but unsuitable in the place and time at
which it was generated. In accordance with Poland’s Wastes Act of 12 December 2012, [50]
waste is “any substance or object, the holder of which disposes of, intends to dispose of or
is obliged to dispose of”. Waste is therefore any material, raw material or final product,
which is not employed or deployed, has no designated purpose and is not used for a
specific purpose [51]. Waste is then considered to be any substance or object which the
holder disposes of, intends to dispose of or is obliged to dispose of. On the other hand, the
(initial) waste producer is understood as any person whose activity or existence results in
the generation of waste, while a waste producer more generally can also be anyone who
performs pre-treatment, mixing or other activities bringing about a change in the nature or
composition of waste.
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Despite advanced research on the repeat use of wastes as raw materials, the degree
of sorting of wastes remained very low in Poland as recently as in 2011, due to a lack
of relevant regulation and management instruments. However, as the issue of waste
generation is a matter of national and indeed global importance [52], the introduction
of appropriate legislative solutions had to be viewed as a just a matter of time. Indeed,
core changes in the law obliging citizens to sort their waste were made in 2012, by virtue
of the Wastes Act, inter alia a consequence of Directive 2008/98/EC [53] being adopted
by the EP. Under the latter, Member States are obliged to depart steadily from the linear
economy in the direction of a circular one. The Polish legislator had among its relevant
objectives a raised effectiveness of the waste-management system. Making reference to
the EU guidelines, the Polish regulations introduced a list of processes working to reduce
amounts of wastes generated, and to ensure that the use made of them is as efficient as
possible. The Act includes the following goals arranged in order in the waste hierarchy,
i.e., (1) the prevention of waste-generation, (2) preparation for reuse, (3) recycling, (4) other
recovery processes and (5) disposal.

The system of waste management in Poland comprises 5 basic elements with various
relationships pertaining between them (Figure 1). The legislator has imposed an obligation
that local authorities (i.e., the units of administration at gmina level) take responsibility and
pursue tasks where the delivery and management of wastes in their areas are concerned.
In this context, as in others, gminas may associate together via agreements that help them
implement tasks conferred upon them. The collection of wastes from those who generate
them is one such task, as is the management and utilisation of the wastes in question in
a such a way that the percentage by mass that is subject to recycling is raised as high as
possible. Such a process usually involves the commissioning of private-sector enterprises to
perform tasks in respect of the receipt and management of wastes. As a 2007 communique
from the Polish Chamber of Waste Management [54] makes clear, such enterprises prove
very much more effective in helping local authorities meet the standards imposed upon
them. This is why local authorities find themselves engaging in tendering for service
provision, while also requiring inhabitants to pay a fee in line with a declared number
of members of a given household. The way in which ordinary people are to sort wastes
is also now dictated to them by local government, while further obligations involve the
running of a localauthority register with data on amounts of waste utilised and processed
at different installations, as well as relevant reporting upwards to the Office of the Marshal
of the given Polish voivodeship [43].
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Local government is responsible, not only for organising the collection of munici-
pal waste, but also for other aspects of waste management also related to processes of
investment. The most important tasks here include the development and application of
regulations relating to cleanliness and order, the determination of rates payable in respect of
municipal waste management, the construction, operation and maintenance of installations
and equipment for waste recovery and disposal, and the pursuit of tendering procedures
in respect of the collection and management of waste [55]. On the other hand, the re-
sponsibilities of regional authorities (acting at the level of the Polish voivodeship) include
the development of the Provincial Waste Management Plan and indication of regional
installations for processing municipal waste.

The waste-management system in Poland imposes a division of the country’s terri-
tory into 123 waste-management regions, under which modern facilities established are
Regional Municipal Waste Treatment Plants (RIPOK) whose construction is assumed to
develop an effective waste-management system. In line with the principle of the division
into regions, the Plants are responsible for receiving and dealing with specific groups of
waste from the region of generation. To ensure constant inflow via the waste stream, a basic
principle of waste management followed is the so-called “proximity principle” highlighting
the need for wastes to be treated and/or disposed of in reasonable proximity to their point
of generation. This means that the waste is processed at the place where it is produced and,
if this is impossible, is transferred to the nearest place where it can be processed. Indeed, it
is forbidden for waste to be transported beyond the region of origin.

In Poland, until recently, the most common form of waste disposal was simply dump-
ing at landfills. This was not in line with the principle requiring that as little waste as
possible be dealt with in this way [56]. However, recent years have brought very dynamic
changes in the field of waste management. This is confirmed primarily by the introduction
of new regulations and legal provisions adapting waste management to regulations in force
throughout the EU Member States. The amount of scientific research and documentation
carried out in this field has also increased, with this being the background for a diagnosis of
contemporary changes in waste management resulting from new regulations [57–59]. The
context of the study was expanded to include, among other things, geographical considera-
tions [60]. All studies emphasise a major increase in the role played by local authorities
and regions when it comes to the management and disposal of municipal waste. Waste
management has also become a good business occupation related to the collection, sorting
and storage of waste, and various forms of use in the generation of renewable energy.

Following the introduction of the new Waste Management Act in 2013 [50], a number
of indicators illustrating society’s approach to waste and changes concerning the treatment
of wastes collected have shown improvement (Figure 2). Above all, the change involving
the local-authority takeover of responsibility in the field of waste collection has ensured
that all inhabitants are now the subjects of compulsory municipal waste collection, while
in 2012 this indicator for Poland as a whole amounted to 80%. Concurrently, the number
of illegal waste dumps—i.e., places not intended for landfill—has decreased significantly
(from almost 4400 in 2009 to 1900 in 2019), while the area covered is only one-third as
high as it was. At the same time, educational campaigns and financial incentives have led
to a considerable increase in the share of waste collected selectively “at source”, i.e., in
households—from a few per cent a decade ago to over 31% today. With the introduction of
obligatory collection of household waste, their participation in total mass increased from
around 70% in the pre-implementation period (prior to 2013) to 85% today. Moreover, the
methods for the further collection and processing of gathered municipal waste have also
changed significantly. As recently as in 2005, almost all collected mixed municipal waste
was deposited in landfills, whereas today that share is down to 40%.
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4. Materials and Methods
4.1. The Study Area

The work was carried out in the September 2016–December 2020 period, under the
international REPAiR Project (denoting Resource Management in Peri-urban Areas: Going
Beyond Urban Metabolism)—as financed by the European Commission within the frame-
work of the Horizon 2020Programme (http://h2020repair.eu/, access: 9 November 2020).
In its theoretical aspects, analysis relevant to this was pursued using the GeoDesign con-
cept (after Steinitz [6]). In turn, the empirical side involved the examples supplied by the
6 different metropolitan areas of Amsterdam, Hamburg, Pécs, Ghent, Naples and Łódź [61].
It is obviously the situation of the last of these cities that has been elaborated on here, in
line with the results of research carried out.

The Łódź Metropolitan Area (in Polish: Łódzki Obszar Metropolitalny, abbreviated as
ŁOM) is located in central Poland and comprises the main communication hub on the north-
south (Gdańsk-Upper Silesia) and east-west (Warsaw-Poznań) axes (Figure 3). The ŁOM
is characterised by a generally lowland landscape of slightly varied relief. This area has
been very much transformed by human activity, mainly with 19th-century industrialisation
and accompanying processes of urbanisation and the development of the communication
network. The ŁOM encompasses five county-level poviats—as NUTS 4 administrative
units (i.e., the city of Łódź, Łódź East, Brzeziny, Zgierz and Pabianice)—and has a total area
of 2500 km2. It in turn consists of 28 of Poland’s gminas as NUTS 5 (local) administrative
units, inhabited by over 1.1 million people—of which 706,000 are residents of the city of
Łódź itself. For a number of years Łódź was the most important textile-industry centre in
Poland. Being key among the employees of this sector, women migrated massively to the
city, very much exceeding men. Following the collapse of the centrally-planned economic
system of the communist era, the majority of state-owned textile factories in Łódź were
liquidated. As a consequence, the last two decades have witnessed a decline in the number
of inhabitants of Łódź, albeit with a concurrent increase in the number of people living in
the city’s vicinity.

http://h2020repair.eu/
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4.2. Methods
4.2.1. Material Flow Analysis

A number of different data were obtained to allow the system of waste management
in the Łódź Metropolitan Area to be diagnosed. Specifically, these were used in analysis of
quantities of wastes generated, flows of wastesand installations involved in the processing
of wastes and means by which wastes are managed and utilised. The main sources of this
kind of information were local authority reports on wastes, in our case in relation to 2016.
The elaboration of maps first involved the preparation of a matrix-based database able to
encapsulate the relationships between different elements of the waste-management system.
Specifically, these elements were households (represented as localities in the base), the
installations that handle and process wastes, and the points at which the selective collection
of different municipal wastes is engaged in (known by the abbreviation PSZOK in Polish).
Data were structure in line with origin—i.e., the source of the wastes generated, to which it
was also possible to ascribe an overall mass in tonnes per year, and destination—i.e., place
to which wastes are dispatched, as well as the processes to which they become subject
having arrived at the given installation. Matrix data were plugged into Quantum GIS pro-
gramming, with a view to its generating hub lines. These could then be presented with the
aid of ribbon cartodiagrams. Processes were in turn presented on circular cartodiagrams.

4.2.2. Peri-Urban Living Labs

Our research also made use of two methods of social research, of which the first related
to the so-called Peri-Urban Living Labs—at which groups of REPAiR Project stakeholders
met several times. Representatives of different groups—local-government institutions,

http://clc.gios.gov.pl


Energies 2021, 14, 3366 9 of 22

NGOs, waste companies, environmental institutions and others—in fact met regularly
throughout the Project, participating in discussions that were able to flesh out the research
topic, interpret the results obtained and ultimately engage in the testing of solutions
arrived at.

4.2.3. In-Depth Interviews

A second method involved the interviews with key stakeholders run in summer 2017.
All of these were face-to-face and in person. The majority of the semi-structured interviews
lasted around an hour and were followed by the filling-in of a questionnaire of eleven
main questions. Almost all interview data collected were audio-recorded, before being
described, analysed and summarised in transcripts allowing findings to be compared. The
interviews were run with Mayors of gminas located within Łódź Metropolitan Area, a
Director from the Ministry of Development, and people responsible for waste management
and environmental protection.

4.2.4. The GeoDesign Decision Support Environment

A further research instrument was the GDSE (GeoDesign Decision Support Environ-
ment) application developed under the REPAiR Project framework and making possible
the development of spatial planning strategies involving flowsof wastes and based around
innovation in regard totechnologies, processes, methods of management and other methods
indicated by experts (though in their capacity as participants in PULL research). By allow-
ing stakeholders develop strategies in a fully interactive way it was possible to achieve
efficient development of solutions emerging in a participatory fashion that allowed the
aforementioned (statistical, spatial-analysis and social-analysis) methods be triangulated.

It was thanks to the possibility of work being done online that experts were simulta-
neously able to develop a joint strategy; while it was thanks to the opportunity to divide
potential beneficiaries into groups that sets of strategies were (also via GDSE) made subject
to real-time comparative analysis. This provided an opportunity not available earlier for
rapid and comprehensive development of strategies based on data verified substantively
(on amounts of wastes, directions assumed by flows, types of actors and generators of
wastes and firms involved in their collection and processing), and then fed into the base of
the application. Such a strategy comprises: expert (or stakeholder) indication of objectives,
eco-innovative solutions (EIS, i.e., one EIS or a compilation of many), modification of
EIS indicators by a group of experts, the typifying of actors or groups of actors that the
strategy will concern and the delimitation by a group of experts of the area(s) in which
the given strategy is to be implemented. The outcomes are strategies (or a single strategy)
containing compiled results and consequences (by way of simulation) of the introduction
of eco-innovative solutions—as presented in figures, Sankey diagrams, flow mapsand
comparative compilations of results obtained and changes involving indicators adopted
for strategy evaluation.

5. Results
5.1. Flow Analysis for Waste Materials

In 2016, municipal waste from the agglomeration was collected by 82 installations
located in 13 voivodeships of Poland. About 99% by mass of the municipal waste mass
produced in the Łódź agglomeration was collected by installations operating in the field
of waste collection within Łódzkie Voivodeship. The remaining 1% of all municipal
waste mass produced in the agglomeration was collected by installations located outside
the voivodeship.

As of 2016, non-biodegradable municipal waste (Figure 4) was utilised by 70 instal-
lations. About 99% by mass of non-biodegradable municipal waste was managed by
installations operating within Łódzkie Voivodeship. A majority (54.8%) of waste of this
type was utilised by installations operating within the area of the Łódź agglomeration.



Energies 2021, 14, 3366 10 of 22

Non-biodegradable waste is mainly treated by dismantling, sorting, crushing, compacting,
granulation, drying, crushing, conditioning, repacking, separation, blending or mixing.
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Figure 4. Mass of non-biodegradable municipal waste collected from the Łódź Metropolitan Area
and treated by individual installations, by form of waste. D3—Deep injection, D5—Engineered
landfill, D10—Incineration on land, D13—Blending or mixing prior to submission to any of the
operations numbered D1 to D12, R3—Organic substance recycling/reclamation, R4—Metal recy-
cling/reclamation, R5—Inorganic substance recycling/reclamation, R12—Exchange of waste for
submission to any of the operations numbered R1 to R11. Source: author’s own study based on data
from communal reports for 2016.

As of 2016, biodegradable municipal waste (Figure 5) was managed by 31 installa-
tions. About 99% of it by mass was utilised by installations operating within Łódzkie
Voivodeship. About 38.3% of this type of waste is managed by installations operating in
the Łódź agglomeration. Biodegradable waste is mainly treated by way of the recycling
of wastepaper and board; the reprocessing and recycling of plastic waste; the composting
of biowaste and green waste; and the fermentation of biodegradable waste for biogas
production (biogas plants).

Biodegradable wastes originating in the Łódź Metropolitan Area are managed within
Łódź voivodeship. This is in line with the Wastes Act, which indeed provides that wastes
should be utilised in the same voivodeship as the one in which they were generated. The
requirement seems to be fulfilled in relation to biodegradable wastes specifically, as well
as more generally. Moreover, there has been designation of RGOKs (regions managing
communal wastes and a kind of auxiliary unit). In fact, different parts of the Metropolitan
Area now belong to 3 of these Waste Management Regions, and 79% of the mass of
biodegradable wastes generated in the gminas making up the Area are now dealt with by
them. The remaining 21% is subject to longer-distance transport to installations located in
other regions. This is the situation as depicted in the map in Figure 6.
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Figure 5. Mass of biodegradable municipal waste collected from the Łódź Metropolitan Area and
treated by individual installations, by forms of waste. R3—Organic substance recycling/reclamation,
R4—Metal recycling/reclamation, R5—Inorganic substance recycling/reclamation, R12—Exchange
of waste for submission to any of the operations numbered R1 to R11. Source: author’s own study
based on data from communal reports for 2016.
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This portrayal of the division of the voivodeship into regions makes clear the logic of
waste management being made subject to spatial planning, with the assumption of course
being that things pay best where wastes are only transported over shorter distances. Wastes
that cannot be utilised within the RGOK corresponding with the given gminas must then be
dealt with elsewhere—as a consequence of infrastructural limitations, or else amendments
to contracts concluded between local authorities and a firm taking delivery of wastes
during a given calendar year. A situation of this kind can influence conclusions arising
out of the analysis of flows in a given year, hence the need to accept that the 21% reflects a
change in the recipient of wastes, even if it is not known whether that change was directed
by the division into region or other premises and had a reverse direction (with wastes
actually transported further). Derogation from the standards and rules in force for the
spatial organisation of waste-management systems with simultaneous burdening of local
authorities with that same obligation ensures that the division into regions and all rules
associated with closed-cycling of wastes within a given voivodeship may go unheeded.

5.2. Waste Management and Governance

Each component part of the Łódź Metropolitan Area differs from others in terms of
settlement structure and density of population. This implies problems with organisation of
the waste-management system, given the collection systems of limited efficiency present in
both rural and urban areas. In rural and urban-rural gminas the problem relates to proper
organisation of the transport of small amounts or wastes, while in large cities it is more
a matter of the possibility of collection of sorted waste being dependent on the relevant
activity engaged in by inhabitants. A major problem here (to be noted across Poland) is
people’s low level of environmental awareness, as combined with poor management of the
system in both logistical and spatial terms. Further factors implying problems within the
Metropolitan Area are the inadequate number of installations available to process wastes,
the lack of macroregional plans when it comes to diversification among recipients of wastes,
the lack of installations with the necessary processing technology and the lack of solutions
when it comes to any planning of closed-cycling. The area selected for study has to be
seen as non-uniform, given that it includes one large city, as well as some more minor
satellite towns plus rural areas. Differentiation in the geographical conditions is by no
means helpful to the organisation of the waste-management system and does necessitate a
multi-stranded approach.

The fact that local governments are responsible for the disposal of waste leaves this as
one of the most important tasks of municipal management at present, while also consti-
tuting a key link between the local authority (efficient self-government) and inhabitants.
A sensitive issue within this relationship—and the consequence of the local character of
waste policy—is the fact that the collection of household waste has to be paid for via fees.
Local authorities thus bear two kinds of political responsibility, on the hand discharging
the tasks conferred by the legislator, while on the other remaining accountable for actions
to people (including at the ballot box when local elections come along). It is in this context
and against that background that processes of waste management selected for consid-
eration at interviews needs to be considered. An in-depth analysis of the interviews in
question pointed to regularities in the perception of major problems subject to different
social, economic and political conditioning. However, there are relationships between
problems (issues) that create a general picture of waste management.

In the course of the analysis of the interviews conducted, it is possible and necessary to
address three equivalent issues, which also need to be the subject of conclusions regarding
waste management. Depending on the stakeholder and its role in the waste-management
process, the emphasis was on one or other of these issues, though most interviews in fact
pertain to all three in one way or another, directly or indirectly. The three key issues were:

(1) Ecological awareness. This permeates all levels of the waste-management process
and concerns decision-makers and producers of waste equally. What is involved here
is noting the problem of human beings’ influence on their environment, as well as the
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satisfaction of acting in such a way as to remain within the limits of the environment.
Where the problem of waste management is concerned, the process of acquiring and
enhancing knowledge is intended to reduce hazards arising from the generation of
waste as a side effect of collective activity (the broad approach) or activity of the
individual (the narrow approach). Ecological awareness is combined with a sense of
social responsibility and civic co-management of the environment. In comparison
with the countries of the “old union”, Poland has citizens only manifesting these
values at dramatically low levels.

(2) Legal status. The set of regulations in the field of waste management includes laws
and regulations, with legal status being a manifestation of aspirations of the legislative
authority and the executive at the state level, which sets the directions for actions
and lays down expected effects in social space (ecological awareness) and physical
space (the process of collecting and processing wastes). Legal status shapes the main
mechanisms of waste management. For this reason, it is subject to the pressure of
continuous assessment (approval or criticism) on the part of different circles in society,
including stakeholders in change.

(3) Local-government policy. This represents a reaction to the existing legal status. Local
authorities develop waste-management principles and are responsible for achieving
outcomes vis-à-vis the collection and segregation processes. Local authorities and
institutions are intermediary structures between residents (the local community), who
evaluate activities and have needs and expectations and the state authorities, to which
they direct comments on process imperfections and conditions, as well as postulating
(consulting over) new legal solutions.

Additionally, PULL meetings proved that problems of greatest importance within the
ŁOM when it comes to waste management relate to social attitudes. These reflect a low
level of pro-environmental awareness, old habits, disrespectfulness towards the landscape,
but also a misunderstanding as to what the circular economy denotes. Residents do not
perceive significant benefits in waste segregation, because either: (1) they do not perceive
waste as a resource, or (2) they do not see economic benefits behind such an approach (as
collection costs for segregated and unsegregated waste are very similar), or (3) they claim
that they should receive recompense for selecting waste, even as they are being charged
currently for engaging in it. All participants in PULL workshops thus agreed that the
basic key flow in need of analysis under the REPAiR project for the Łódź Agglomeration
involves municipal solid waste.

5.3. Implementation of the GDSE

The response to the issues raised above pointed to by stakeholders is a steering of the
organisation of the waste-management system in the direction of a participatory model.
It was also with such an aim in mind that the last element of the REPAiR Project research
made use of the GDSE instrument. Table 1 below offers a simplified listing of the different
stages described previously, as augmented by further results. However, it needs to be
emphasised at the outset that the group of experts made a selecting of more than one
Eco-Innovative Solution. The status quo as discussed in detail in the first part of this article
was first presented in a Sankey diagram and map of the flow of biodegradablewastes
generated within the Łódź Metropolitan Region. Following implementation of the EIS
(as subject to discussion and modifications by experts in the course of the PULL exercise,
the result of implementation of the strategy is obtained. A Sankey diagram is offered to
present difference in magnitudes of flows between actors in the given area, as well as flows
among new actors identified by the PULL experts. These solutions must gain simultaneous
application, and this must be in line with rules devised by the legislator.
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Table 1. Main steps in the planning of flows of waste engaged in by groups of stakeholders and the research team via the
GDSE application and during n PULLs (simplified).

PULL 1stStage
of Research Desk-Research Stage PULL nthStage

of Research Result

Gathering and structuring
of data, preliminary analysis.

Uploading ofspatial data
(actors, matrices for flows

and processes).

MFA
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Table 1. Cont.

PULL 1stStage
of Research Desk-Research Stage PULL nthStage

of Research Result

Preliminary
identification of
strategic goals

Selection and ranking
of main and detailed
objectives. Choice of
stakeholders (actors)
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The outcomes of work using a GDSE goes beyond a strategy, as a spatial model to
simulate flows of wastes is also anticipated. The Sankey diagram (in Table 1) portrays the
reduction of the said flows as compared with the status quo (Figure 6). Indeed, the group
of experts had as their aim a reduction in amounts of biodegradable wastes going on to the
market by way of a raising of inhabitants’ awareness as to possibilities for biowastes to be
utilised on site, with valuable compost made and with negative environmental influences
reduced as the demand for transport is cut. Selection of indicators that measure flows
in relation to population, area and over time allowed the area to be analyzed for further
sustainability in the context of waste management. The next step was the amount of waste
recycled according to specific processes—in this case composting, which increased by about
20% in one EIS, while in the other biodegradable waste went to the composting plant in a
more efficient way thanks to a supply chain model based on greater market competition
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for suppliers. The different solutions show how important it is to choose the right waste
management practices for the further sustainable development of waste treatment.

There was also an indication of social problems relating to a low level of environmental
awareness among inhabitants, and—in the view of the experts—this needs to be made
good through education as to the economic benefits accruing from proper sorting of wastes,
as well as differentiated opportunities for them to be processed thanks to production
technologies. By implementing into strategies solutions that are based on the use of
existing or emerging infrastructure for the processing of biodegradable wastes (not least in
the production of biofuels) it is possible to direct some of the wastes to new locations.

In reality, the GDSE application is a set of tools by which to create strategies for flowsof
wastes, and to simulate the solutions experts arrive at. This process takes place by way of
participation and takes account of the interests of different decision-making groups who
are taking part. This principle is illustrated by the schematic representation below, which
presents the key elements of GDSE—i.e., the identification and ranking of objectives of a
strategy, as well as the result thereof, which is presented in the form of a set of indicators
selected (by experts) to appraise the strategy in question. The results presented in Table 1
and Figure 7 are examples of participatory management in the wastes economy in an area
with identified problems. By linking expert analyses carried out by members of scientific
circles with PULL, and by implementing GDSE as well, it becomes possible to fill in gaps
in the process by which waste management is planned, primarily by local authorities as it
is their responsibility.
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Large amounts of wastes pass to the region’s several largest installations, as MFA,
PULLand the visualisation of flows by GDSE all make clear—while there is a wide range
of recipients among towns and rural areas. This attests to the existence of several key
issues.Łódź voivodeship is witnessing a monopolising of the market for the collection of
municipal wastes, with the result that prices are rising and there is a developing lack of
trust along the chain between inhabitants, local authorities and entrepreneurs as recipients
of wastes. These results are confirmed by more in-depth research within the framework of
PULLworkshops and interviews. Furthermore, to be seen in some of the gminas making
up the Łódź Metropolitan Area are changes probably made in 2016 in relation to the choice
of firms collecting and managing wastes. These changes may also reflect infrastructural
limitations characterising the entity that has been the recipient up to now. An important
postulate here involves an enhanced role for inhabitants in the long-term planning process.
Among key objectives in the contextof the development of the circular economy are an
increased significance of composting on private premises, increased processing capacity
at installations utilising biowastes (i.a., in producing biofuels and biogas), a reduction in
the amounts of wastes being dumped at landfills and a lowering of the fees for collecting
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and receiving wastes. As PULL results and the strategic planning under GDSEmake clear,
achievement of the above objectives works to lower the total mass of wastes flowing, while
it gives rise to an increased number of transport links. This is probably a reflection of the
transitional stage we are in when it comes to the development of entrepreneurship and
innovation in waste management. This is nevertheless a stage from which Poland has been
emerging steadily.

However, the early nature of the stage reached in Poland when it comes to developing
eco-innovation gains confirmation in the research, as does the limited level of public in-
volvement in pro-environmental initiatives [62]. While a diversified market characterising
recipients allows relatively low prices to be maintained, these should depend more and
more on implemented innovation allowing wastes to be used as raw materials. However,
biowaste processing is characterised by a high financial threshold for entry on to the market,
even as it can supply measurable benefits to all groups of stakeholders [40].

6. Discussion

The attempt to determine the correctness of the assessment of waste-management
system as it operates currently proves very difficult, due to the relative brevity of the period
in operation of the new rules (i.e., the ones transferring responsibility to local governments
from 2013 on). The coming years will be decisive ones where the stabilisation of the waste
collection and treatment system is concerned. Major responsibility for this lies with the
legislative and executive authorities at the highest, state level, which will need over a short
time to verify the instruments by which the outcome of waste being used to produce new
goods is achieved. An important role in this respect should be played by associations
of local authorities, which articulate the need for the modification and modernisation of
approaches to waste management, including as regards the development of new legal
regulations. However, the achievement of success in the functioning of circular-economy
rules will depend to the greatest extent on both urban and rural ecological awareness
being strengthened.

However, the legislator’s imposition of an obligation that local authorities should
engage in waste management puts no restrictions on the streamlining of the system. The
example of the Łódź Metropolitan Area shows that there is a place for social dialogue
devoted to the need for change arising for different reasons among different groups of
stakeholders. As early as 2004, Carmin and Vandeveer indicated that the CEECs faced
significant constraints when it came to pro-environmental policies, even as the authors
were able to emphasise the clear importance of non-state actors, and the role played by
cooperation between Member States and Candidate Countries for EU accession as regards
the development of legal and legislative instruments [63].

Furthermore, this example brings to light the problem of lack of consultation between
local authorities, entrepreneurs and inhabitants. All three groups of stakeholders should
draw benefit from a system of waste management that operates efficiently. A failure
on the part of one group to understand the problems and issues the others have acts to
put a brake on activity seeking to raise the quality of waste collection and management
services. The foundation overall lies in the rational management of such resources as
wastes, infrastructure, the environment and space. To some extent at least, the methods
presented in this article can provide answers for these dilemmas, given the way they
bring the desired effects when it comes to both social dialogue and the implementation of
GeoDesign. There is also some kind of antidote offered to the not-very-optimistic research
results presented by Walczak et al. [62], with the difference being that the main interest in
eco-innovation and research in this context is being shown by local government.

The problem of the non-uniformity of the study area that is the Łódź Metropolitan Area
does not have much ultimate significance where many groups of stakeholders representing
different institutions and areas work to devise a strategy for an area of this type. It
needs to be emphasised that solutions of the EIS kind will operate quite differently in
rural areas as opposed to in cities. However, the implementation of many EIS in areas
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defined precisely by experts, with simultaneous discussion on the part of inhabitants, local-
authority representatives, spatial-planning experts and representatives of the private sector
working in waste management, all ensures that a strategy drawn up will be comprehensive,
correct from the substantive point of view and planned sensibly. In addition, it should be
noted that each group of stakeholders participates in the process of strategy consultation
representing their interests, which means that there is an exchange of views and direct
discussion between representatives of legislative bodies and electorate—entrepreneurs
and residents. Such a model influences both the building of relations between these
groups and trust, as a compromise is built at the meeting point of several theoretically
opposing interests.

Model conceptualisations of this type of activity relating to management and planning
are as presented in the diagram below (Figure 8). The management model developed
in our research is based around the participatory nature of a research process run in a
problem area [6], and it also takes account of the participation of both the public and other
groups of stakeholders at more than one stage of the planning process, as has been noted
by Hung et al. [26] and Steintz [6], among others. The results are measurable positive
influences of economic, social and environmental nature, while beneficiaries are these same
groups of stakeholders that play a part in the management process—inhabitants included.
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7. Conclusions

The results of our study encourage reflection on the development of qualitative and
quantitative methods, in the context of their synergies being used in waste management, as
well as on the ways in which benefits, and new knowledge may be translated into practice.
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The methods in question were intended to address the problem of multidimensionality
of waste management, and lead to the development of a synthetic management model.
While it proves very difficult to take account of all the elements in the system, the main
assumption here revolved around the social dimension of the study, with the aim being for
the problem posed by stakeholders to be resolved.

The presented example is treated by the authors as a prelude to further refinement of
the methods used, even as it is borne in mind what difficulties are involved in implementing
the concept into circular-economy planning—from problem identification, through analysis
of the entire flow chain, to strategy development. In addition to elements of a system of
waste management that can be measured objectively, there are independent factors that
define the system, i.e., the human factor and the legislative-administrative factor, which
sometimes fails to take account of certain important issues. For example, the legislator
may assume that the level of recycling to be achieved by all units of local-government
administration (in Poland, gminas) will be set at, say, 70%, but that provision may not
be in line with the actual conditions at local level—the availability of waste-management
infrastructure, the local market served bywaste-processing entrepreneurs, the variability of
costs depending on that market and the decisions made by local authorities, and, finally,
opposition of one kind or another relating to public opinion.

This last factor proves problematic for several reasons. First, inhabitants may be
against the segregation rules a government or local authority introduces; second, the need to
care for the environment must inevitably relate to a given person’s own hierarchy of needs;
third, the encouragement of segregation, composting or reduction of waste generated
may take different forms, with a uniform method in any case not achieving the same
effect always and everywhere. The model applied in extending financial incentives seems
important in this case and does not in turn reflect well upon environmental awareness.
On the one hand, it may reflect rapid economic development in Poland and a desire on
the part of society for enrichment in a period of prosperity. On the other hand, a lack of
knowledge may not result from lack of education or even people’s different hierarchies
of needs, but rather from the poor accessibility of knowledge regarding the benefits of a
pro-environmental attitude. In turn, benefits accruing may be local, i.e., directly perceivable
by inhabitants (inair in a better condition, access to clean and cheap energy), or global,
meaning that it links up with changes in the economy of a region or country, or with climate
and environmental changes arising out of a diffusion of local benefits.

The research presented points clearly to a problem with lack of knowledge on pos-
sibilities (methods and technologies) for waste reuse, as well as future benefits accruing
where eco-innovative solutions are implemented. However, insight as regards residents’
ecological awareness demands additional sociological analysis of an in-depth nature, even
as the research procedure we have implemented is able to demonstrate the advantages of
participatory methods using the latest technological solutions, as well as the feedback effect
of knowledge shared between stakeholders—i.e., planners, officials or residents defining
a problem on the one hand and experts (i.e., representatives of science and business) on
the other. Ultimately, the product of the strategy developed jointly by the two groups of
actors reaches stakeholders in the form of solutions ready for implementation, and in turn
expected to be of environmental, economic and social benefit.

The authors have here sought to answer nagging questions which are many in number,
if relating largely to the scale of local effects, even though relevant macro-scale evolution
would be both possible and desirable. That fact ensures the importance ofa continuation
of the quantitative and qualitative research our literature review cites. Integration of
the researchers’ achievements in the development of decision and location models gains
presentation here as a schematic result of the waste-management process, as arising out of a
triangulation of quantitative, qualitative and spatial methods. It should thus be emphasized
how analysis was exemplified by an area of diverse geographical characteristics, given the
presence of a single large city, suburban areas, urban areas of medium and small size and
rural areas. Such are the specifics in this case that the universality of the results presented
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might conceivably be questioned. It is anyway necessary for further steps to be taken
to verify the variables adopted and improve the set of methodological tools, hence the
authors’ perceived need that further research of an evaluative nature be carried out.
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