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Preface to ”Achieving the Circular Economy:

Exploring the Role of Local Governments, Business

and Civic Society in an Urban Context”

Urbanisation and climate change are pushing cities to find novel pathways leading to a 
sustainable future. The urban context may be viewed as a new experimentation space to accelerate 
the transition to a circular economy. The contributions of this Special Issue give a fantastic overview 
of the experimental capacity of the city and we wish to express our gratitude to the authors for 
sharing their findings and reflections in this Special Issue. The Special Issue includes interdisciplinary 
papers on a variety of topics and sectors: governing modes, textile industry, repair ecosystems for 
mobile phones, waste management, food producers and farmer markets, citizens and climate change. 
The geographical focus was mainly Europe, but China and the US were also studied. The authors of 
this Special Issue have illuminated the multitude of topics, methods, tools and perspectives that need 
to be included when exploring how circular cities can evolve today and in the future. We want to 
thank all the authors for their contributions.

Jenny Palm, Nancy Bocken

Editors

ix





energies

Editorial

Achieving the Circular Economy: Exploring the Role of
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1. Objectives of This Special Issue

The urban context is an experimentation space to accelerate the transition to a circular economy. This
Special Issue explores how and why cities engage in circularity. This Special Issue includes papers from
different regions, on a variety of topics, using different methods and suggesting a multitude of tools. In
sum, together they show the complexity that cities are facing, but they also provide insights into how
circular cities may evolve in the future.

2. Overview of the Papers Included

Table 1 gives an overview of included articles and which scope, geographical focus, methods and
tools the articles discuss.

The included papers cover a wide variety of topics and actors: governing modes, the textile industry,
repair ecosystems for mobile phones, waste management, food producers and farmers markets, and
citizens and climate change. The geographical focus is EU, USA and China. The research methods
applied in the papers are also diversified, including both quantitative and qualitative approaches. Even
if all papers discuss different challenges that cities and the circular economy are facing, they all end up
being solution-oriented, with suggestions for tools to apply in the future. Below, the different papers are
presented in more depth.

In the paper of Palm, Södergren and Bocken, “The Role of Cities in the Sharing Economy: Exploring
Modes of Governance in Urban Sharing Practices” [1], the potential roles cities might have in governing
the sharing economy is explored. Cities have provided space for various sharing initiatives such as car
sharing, public libraries and repair workshops. The potential governing roles of cities in the sharing
economy are discussed in relation to the experience in four Swedish cities: Stockholm, Gothenburg, Malmö
and Umeå. Three dominant modes of governing were identified, namely: governing by provision and
authority; governing by partnership and enabling; and governing through volunteering. The four studied
cities applied all three governing modes, although with a primary focus on governing by authority and
governing through partnership. When it comes to sharing projects characterized by governing through
volunteering, it was always the local government initiating these projects, even if these projects were
formally run by a non-governmental organisation ‘(NGO). One important conclusion from this paper is

Energies 2021, 14, 875; doi:10.3390/en14040875 www.mdpi.com/journal/energies
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that it is important that cities reflect upon their powerful position, and, that in the case the city becomes
too dominant, it might out-compete both businesses and initiatives from NGOs.

Table 1. Papers in this Special Issue.

Authors Title Scope/Actors
Country

Focus
Method(s) Tool(s)/Outcomes

Palm,
Södergren

and Bocken

The Role of Cities in
the Sharing Economy:
Exploring Modes of

Governance in Urban
Sharing Practices

Governing
modes, local
governments,

cities

Sweden

Workshops,
semi-structured
interviews and

participant
observation

Sharing solutions

Wang, Chen,
Cheng, Zhou,
Li and Yang

Factorial
Decomposition of the
Energy Footprint of
the Shaoxing Textile

Industry

Textile
industry China

Energy footprint
(EFP); Logarithmic
Mean Divisia Index

(LMDI)
Decomposition

Model

Energy footprint
(EFP) indicator

Türkeli,
Huang, Stasik

and Kemp

Circular Economy as
a Glocal Business
Activity: Mobile

Phone Repair in the
Netherlands, Poland

and China

Repair
ecosystems
for mobile
phones in
countries

Netherlands,
Poland

and China

Questionnaire,
interviews,
comparison

Insight into the
repair sector in

The Netherlands,
China, and

Poland and policy
advice

Palafox-Alcantar,
Hunt and

Rogers

A Hybrid
Methodology to

Study Stakeholder
Cooperation in

Circular Economy
Waste Management

of Cities

Different
stakeholders

in waste
management

UK

Scenario Analysis;
Multi-Criteria

Decision Analysis;
and Game Theory

Hybrid
methodology
encouraging

cooperation in
decision-making

processes

Nogueira,
Ashton,

Teixeira, Lyon
and Pereira

Infrastructuring the
Circular Economy

Food
producers and

farmers
markets

USA

Participatory action
research,

co-creation, material
and energy flow

analysis, life cycle
assessment,

network analysis,
systems dynamics
modeling, design

methods.

Innovation model
and four I’s

model

Davidescu,
Apostu and

Paul

Exploring Citizens’
Actions in Mitigating
Climate Change and

Moving toward
Urban Circular

Economy. A
Multilevel Approach

Citizens and
climate
change

All EU
member

states

Multi-Level
Econometric

Modelling; logistic
regression analysis

Encouraging
citizens to take

action

Zaleski and
Chawla

Circular Economy in
Poland: Profitability

Analysis for Two
Methods of Waste

Processing in Small
Municipalities

Waste
processing,
incineration

and
torrefaction

Poland

Case study,
scenarios,

comparison,
profitability

analysis

Torrefaction
(Torrefaction

changes biomass
properties to

provide a better
fuel quality for

combustion and
gasification)
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Wang, Chen, Cheng, Zhou, Li and Yang’s paper, “Factorial Decomposition of the Energy Footprint
of the Shaoxing Textile Industry” [2], calculates the energy footprint (EFP) from textile production
using Shaoxing’s textile industry as a case study. The analysis focuses on the relationship between
economic growth and environmental pressure. The analysis showed that from 2005 to 2018, the EFP first
increased and then decreased. The authors conclude that Shaoxing’s textile companies could accelerate
the production of ecological textiles and promote clean production, printing and dyeing technologies.
The local government could, together with social investors, contribute by initiating an innovation fund.
Another suggestion by the authors is that Shaoxing’s government should use their authority and close
down printing and dying companies that consume significant amounts of energy and generate high levels
of emissions. The authors also indicate the importance of developing policies with the aim to promote
high value-added textile product manufacturing with less energy intensity.

Türkeli, Huang, Stasik and Kemp’s article, titled ”Circular Economy as a Glocal Business Activity:
Mobile Phone Repair in the Netherlands, Poland and China” [3], looks into the repair of mobile phones.
Repairing mobile phones is an excellent example of circular economy in an urban setting. This repair
business does not only extend the lifetime of the phone, but also reduces the need for virgin materials used
for constructing new phones. The authors embed the study in earlier research on firm level competitiveness
and closed-loop design through repair. The focus for the analysis is the business ecosystem of independent
mobile phone repair shops in three countries, the Netherlands, Poland and China, where questionnaires
have been sent out to repair shops. The findings show that maintaining business’ direct contact with
customers is vital to sustain trust. The challenges the repair shops faced differed between the countries.
In China, high cost for spare parts and low prices on new mobile phones were central, while the
Netherlands and Poland experienced big challenges with competition from informal repair activities
and new repair shops.

Palafox-Alcantar, Hunt and Rogers, in their paper titled “A Hybrid Methodology to Study Stakeholder
Cooperation in Circular Economy Waste Management of Cities” [4], study the waste management of cities
from a circular economy perspective and discuss how efficient waste management process resources can
be fed back into the consumption process rather than reach an end-of-life. The contribution of the paper
is to identify how collaboration can be engendered using a hybrid Game Theory approach, including
scenario analysis and multi-criteria decision analysis. A case study of Birmingham in the UK is presented.
The results show, for example, that cooperation needs to be embedded in circular economy adoption. A
decision-making tool, such as the one presented in the paper, can be an important means to support this.

Nogueira, Ashton, Teixeira, Lyon and Pereira’s paper, “Infrastructuring the Circular Economy” [5],
discusses the need to reconfigure both hard (material and tangible aspects) and soft infrastructure
(institutions, intangible aspects, and social behavior) to achieve efficient material resource cycling. The
authors develop a new framework and a model including the range of resources organizations utilize
when creating value for the organization, society, or the planet. Participatory action research methods are
used in co-creation processes to synthesize knowledge on hard and soft infrastructures in relation to urban
food producers and farmers markets in Chicago. The authors conclude that using a relational perspective
gives insights into new opportunities for city interventions, where the different actors embedded in a
situation become the means through which resources are mobilized and activated. By including dynamic
interactions, cities can better understand how these interactions shape an infrastructural intervention for
the circular economy and, by that, cities can also actively influence how to combine different types of
resources to generate a sustainable transition.

Davidescu, Apostu and Paul focus on citizens in their paper titled “Exploring Citizens’ Actions in
Mitigating Climate Change and Moving toward Urban Circular Economy. A Multilevel Approach” [6].
The paper investigates why people engage in certain activities to contest climate change and choose to
adopt more actions than others to mitigate climate change. The data used in the paper come from the

3
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cross-national dataset Eurobarometer and a study covering residents in all EU member states aged 15
years and over. In total, 27,655 individuals were interviewed, and of these, 18,529 were individuals from
urban areas. The results show that climate change was perceived to be a very serious problem by most of
the respondents. Many citizens declared that they have personally taken action to fight climate change;
25% of the respondents declared that they have taken more than five actions and 1% of the individuals
declared that they have taken nine or more actions to mitigate climate change. The authors conclude that
it is important to also consider citizens’ attitudes towards climate change when developing strategies for
circular cities.

Zaleski and Chawla, in their paper “Circular Economy in Poland: Profitability Analysis for Two
Methods of Waste Processing in Small Municipalities” [7], discuss the implementation of the circular
economy paradigm in Poland. Even if Poland has been successful in reducing the volume of generated
waste during the last few decades, over 42% of waste is still being land-filled. In the article, profitability
analysis is carried out for two methods of waste processing, namely incineration and torrefaction.
The results show that torrefaction is a more desirable waste processing option as a step towards the
implementation of the circular economy in the urban context. Torrefaction is also more profitable compared
to incineration. Poland has so far not implemented any torrefaction plants on a large-scale basis for
processing municipal waste, but this is something that Zalesk and Chawla recommend Poland to consider,
which would be in line with the country’s strategy to achieve a circular economy.

3. Conclusions

This Special Issue included interdisciplinary papers on a variety of topics and sectors: governing
modes, the textile industry, repair ecosystems for mobile phones, waste management, food producers and
farmers markets, and citizens and climate change. The geographical focus was mainly Europe, but China
and the US were also studied. The authors of this Special Issue have illuminated a multitude of topics,
methods, tools and perspectives that need to be included when exploring how circular cities can evolve
today and in the future.

The lessons learned from the papers are manifold. First, cities have a multitude of tools to govern
the circular economy. As shown by Wang et al., they can encourage circular initiatives by, for example,
institutionalizing an innovation fund or using their authority to close down activities leading to major
emissions. The potential positive role of city governments for the circular economy is undisputed, but Palm
et al. showed that city governments also need to reflect upon their power and ensure that their strategies
and goals do not outcompete civic society and their engagement. Second, the need for cooperation between
actors was highlighted in several papers. A decision-making tool was suggested by Palafox-Alcantar et al.,
while Türkeli et al. emphasized the need for repair shops to establish direct contact with their customers
and create trust. Nogueira et al. suggested that by embedding different actors (not only the usual suspects)
in an activity, cities can actively contribute so that new cooperation and resource flows develop. Moreover,
Davidescu et al. highlighted the need to also include citizens when developing strategies for circular cities.
Third, the importance of reducing waste was also a recurring issue in the papers. Zaleski and Chawla
focused on waste processing and found that torrefaction was more profitable than incineration and also a
good choice for small cities striving to achieve a circular economy.

Finally, the papers covered a range of circular economy strategies, including repair to extend product
lifetimes and slow resource loops; waste management approaches to recycle materials and close resource
loops; and energy reduction per product and processes to narrow resource loops. By highlighting specific
resource strategies, tools, methods and actors to involve, the papers contribute to our understanding of
what a circular city could constitute and how it could emerge in the future. Yet, the papers are only starting
to scratch the surface of the methods, approaches and collaborations needed to put the circular economy
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into practice. A diverse range of solutions and collaborations would need to co-exist to implement the
circular economy in practice. To conclude, this Special Issue aims to inspire and give a solid base for
further investigations of and experimentation with new solutions for circular cities.

Author Contributions: Both authors have contributed equally to this editorial. Both authors have read and agreed to
the published version of the manuscript.

Funding: We would like to acknowledge the funding by the Swedish Energy Agency project no 46016-1 “Smart
symbiosis—collaboration for common resource flows”.
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Abstract: Repair of mobile phones fits with the vision of a circular economy in an urban context and
with the Sustainable Development Goal 11 Sustainable Cities and Communities. Drawing on the
literature about firm level competitiveness and closed-loop design through repair, remanufacturing
or recycling, we analyze the business ecosystem of independent mobile phone repair shops in the
Netherlands, Poland and China as a glocal business activity. The analysis is based on primary data
collection through a questionnaire to independent repair shops in the Netherlands (n = 130), Poland
(n = 443) and China (n = 175) with response rates of 13%, 12%, 40%, respectively; and 17 interviews in
the Netherlands, 40 in Poland, and 70 in China. Findings indicate that to maintain a strong position
in the local market and to sustain the trust of customers, independent mobile phone repair shops
offer a range of customized services based on direct contact with customers. In China, the increasing
prices of spare parts and falling prices of mobile phones constitute the most important challenges,
whereas in the Netherlands and Poland, the most important challenges are the competitive pressures
from informal repair activities, and new repair shops. Our research also revealed that repairability
strongly depends on the global manufacturers’ circularity choices.

Keywords: circular economy; business ecosystem; glocality; mobile phone repair; the Netherlands;
China; Poland

1. Introduction

Repair of mobile phones fits with the vision of a circular economy in an urban context. Repair
as a local loop and an inner cycle of a circular economy is significantly distinguished from relatively
larger and also potentially regional and global loops, the outer cycles of remanufacturing and recycling
activities of a circular economy. Local repair businesses in an urban context extend the lifetime of
mobile phones and reduce the need for virgin materials, which in theory results in environmental
benefits [1–5]. In addition, local repair businesses contribute to lower levels of waste electrical and
electronic equipment (WEEE) in cities and increase maximum possible usage of mobile phones over
time, along with supporting refurbishment, remanufacturing, and recycling activities. Globally, repair
activities and repair shops can also be viewed as local contributors to the global development agenda,
namely, the Sustainable Development Goals (SDGs), which were agreed upon by the 193 members
states of the United Nations (e.g., SDG 11 Sustainable Cities and Communities), and especially the
target of “reducing the adverse per capita environmental impact of cities, including by paying special
attention to air quality and municipal and other waste management by 2030” [6,7].

Energies 2019, 12, 498; doi:10.3390/en12030498 www.mdpi.com/journal/energies7
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Repair activities constitute a business response to an economic opportunity, which complements
civil society responses of product repair, and repair and resale activities of social enterprises (e.g.,
organized in Europe via RREUSE (RREUSE represents social enterprises active in re-use, repair and
recycling in Europe)). Locally, mobile phone repair activities also offer employment to those working
(migrant workers in the Netherlands, who dominate the business).

Concentrating on the historical and contemporary mobile phone technology, and its global-scale
market, a hundred years ago Finnish inventor Eric Tigerstedt filed a patent for a pocket-size folding
telephone with a very thin carbon microphone in 1917; in 2017 we observe that the number of mobile
phone users is forecasted to reach 4.77 billion people around the world [8]. In 2017, as many as 1.54 billion
mobile phones were sold worldwide [9]. In the Netherlands, mobile phone penetration rate reached 68.8%
with 11.7 million (mln) users; in Poland, 66.5% with 25.6 mln users; while in China, its 51.7% penetration
rate corresponds to 717.3 mln users [10]. New generation mobile phones, especially smartphones with
internet-enabled, feature-rich applications, are relatively expensive devices with a mid-range retail price
between EUR 150 and 450 [11]. Typically, these technological devices still come with relatively fragile
screens (although improvements against fragility by manufactures are being introduced) or otherwise
hard-to-replace components when/if they malfunction and/or require cosmetic corrections [12]. These
financial and technological constraints encourage consumers more frequently to turn to repair shops
to rescue their devices which are still operable, and to pursue less expensive alternatives compared to
replacement and upgrading options. Initially, mobile phone users turned to official brand shops and to
non-official shops for repair (people working from home) but, over time, independent repair shops were
created, to which people could bring their phone for repair and special services, with the repairs being
done quickly and at a far lower cost than when the repair is done by the suppliers working for official
brands. Helped by low entry barriers, these independent repair shops developed strategies that offered
competitive, and also superior, customer value.

Independent repair shops are growing in number worldwide, and the objective of this article is to
investigate the business of mobile repair shops from a glocal business ecosystem perspective based
on the diamond model of Porter in three different local contexts, namely, the Netherlands, Poland
and China. The overarching research question of this article is: to what extent do mobile phone repair
activities and circularity relations of independent repair shops differ in the Netherlands, Poland and
China, and under which conditions do they try to competitively operate in their business ecosystems?
With this article, we aim to fill this gap in the literature, by offering an analysis of ‘the diamond’ of
firm strategy and offerings, factor conditions, demand conditions, and the links with upstream and
downstream industries (especially parts producers) and circularity relations with recycling companies
and remanufacturers.

The article proceeds as follows: in Section 2 we position our article in terms of related literature
and provide its conceptual background: Porter’s diamond model depicting the dynamic conditions
affecting competitiveness of firms, the framework for a closed-loop design for repair, remanufacturing
and recycling in the context of a circular economy, and the hierarchy of secondary market production
processes with respect to labor content, performance, and warranty criteria. In Section 3, we provide
details about the designed and implemented survey, interviews and the rationale for opting for using
those methods. Section 4 presents the findings from Dutch, Chinese and Polish contexts. In Section 5,
we further discuss our findings in the context of a circular economy and provide conclusions on future
research and policy directions.

2. Literature Review and Conceptual Background

The behavior of consumers in turning to mobile phone repair shops or remanufactured mobile
phones has been studied in detail by scholars [13–17], yet the emergence and heterogeneous evolution
of mobile phone repair shops and the sector in transition as a whole (including demand side and
circularity dynamics) from independent mobile phone repair shops’ perspective is less studied, and
accordingly less well known [17–20]. Comparative studies are even rarer.
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The mobile phone repair industry and market are growing: Watson et al. report that “the repair
industry is exploding in Nordic countries with phone repair shops appearing on the high streets
of every market town” [19]. The situation is likewise observable in the Netherlands, Poland and
China. Repair rates are higher in East Asia—66% in China and 64% in South Korea—than in Germany
(23%) and in the US (28%) [21,22]. In the Netherlands, 12% of the currently used phones are either
used (second-hand/directly sold) or refurbished, and the most common used/refurbished phones are
Apple IOS phones (19%), followed by LG (12%), Sony and Samsung (each 9%) and Huawei (4%) [23].
In China, according to Kantar Worldpanel 2017 data for the mobile phone market, Android phones
accounted for 71.2% of market share, while Apple IOS phones accounted for 28.6%. Meanwhile,
Huawei, Xiaomi, Apple, Vivo and Oppo, the top five mobile phone manufacturers in China, occupied
91% of the total market share. The proportion of China’s second-hand and refurbished mobile phones
is similar to that of the Netherlands, and refurbished iPhones have the largest profit and dominate the
share of the total number of refurbished phones. In Poland, mobile phones from global manufacturers
based in East Asia also dominate the market, e.g., Samsung (30.39%), Huawei (29.14%), LG (12.71%),
Xiaomi (5.07%), Lenovo (3.22%), and Sony Ericsson (3.06%) [24].

While mobile phone repair constitutes a business response to an economic opportunity in Europe,
complementing the civil society responses of product repair and repair and resale activities of social
enterprises (organized in Europe via RREUSE), in China, the story of mobile phone repair is slightly
different. In the early stage of the mobile phone industry, after-sales services for mobile phones were
implemented by various manufacturers, where mobile phones were collected by the authorized service
stations and sent to the central maintenance service station for repair. To deal with the problems
of slowness, mobile phone manufacturers launched a rapid maintenance service and set up a rapid
response maintenance team in the first level market, to provide after-sales service for users more
quickly. With increasing competition in the mobile phone industry, and the emergence of more and
more domestic mobile phone manufacturers in particular, the profit level of the entire mobile phone
industry is decreasing. Because the quality of mobile phone after-sales services had a great impact on
the reputation of the mobile phone brands, and because the construction of a wide range of after-sales
service networks required not only substantial funds but also excellent chain management abilities,
mobile phone manufacturers gradually outsourced the after-sales service of their phones. For this
reason, more and more third-party independent maintenance organizations appeared in China [13,25].

In this sense, to analyze the competitive dynamics, we use Porter’s ‘diamond’ model as the
principal framework [26,27]. By incorporating firms’ strategy, structure and rivalry into a wider
framework made up of demand conditions, factor conditions, government policy, and related and
supporting industries, the ‘diamond’ model is an appropriate model for the analysis of mobile phone
repair activities in the context of a circular economy (Figure 1). Each of the five elements is thus viewed
as being relevant for the purpose of our article and analysis. Criticisms of Porter’s model that it does
not give sufficient attention to global interactions and the role of multi-national corporations [28–30]
do not pertain to our analysis, which explicitly looks at international supply chains and the decisions
of multinational mobile phone producers regarding product design, spare parts production, and repair
and remanufacturing. Our analysis is not used to investigate the propositions of Porter’s framework
(e.g., that rivalry is critically important in pressuring companies to innovate, to cut costs, and to
improve quality). The framework is used as an analytical framework, adapted to the analysis of glocal
business activities of independent mobile phone repair shops.

Competition/rivalry is a key phenomenon in the mobile phone repair industry. Independent
repair shops compete in local markets with one another and with original equipment manufacturer
(OEM) repair shops. Although official (authorized/certified) repair stores exist, they are challenged
to do a very good job in servicing customers who have to pay relatively higher prices, cannot speak
directly to the person doing the repair, have to send the phone by mail and have to wait for a
considerable time for the phone to be repaired and returned. The relatively poor customer value can be
related to the main interest of global mobile phone manufacturers lying in the business of producing
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and selling new phones, yet being helped by low entry barriers and traditions of informal repair.
Independent mobile phone repair shops emerge, enter the market of repair and earn a living repairing
mobile phones by providing relatively superior value propositions that fill financial, technical, and
even social gaps for local customers.

Figure 1. Porter’s diamond model. Source: Authors’ work.

Government policies also play a role in this. The two-year warranty requirement (Directive
1999/44/EC), extended producer responsibility and waste electrical and electronic equipment (WEEE)
legislation in Europe necessitated remanufacturing, reconditioning and/or repair at the manufacturers’
side. With such legislation, manufacturers became liable for their products through and beyond their
end-of-use life. The activities of repair compete with the options of remanufacturing and recycling.
This means that there is not only rivalry between repair companies but also competition between four
alternative strategies to reduce end-of-life waste within the context of extended producer responsibility,
namely, repairing, reconditioning, remanufacturing and recycling (Figure 2). Original mobile phone
manufacturers thus align towards establishing their own official repair services, globally.

Figure 2. Closed loop design through repair, remanufacturing or recycling. Source: Author’s work.

The environmental aspects of mobile phone repair versus remanufacturing, recycling and disposal
have been studied by [6,31–36]. The conclusions broadly confirm the statement made by Stahel that
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the recycling loop (in Figure 2) which uses highly disordered materials, also requires more corrective
energy than the remanufacturing loop where the primary shape of the product is preserved [37].
Remanufacturing, on the other hand, in general requires more material, energy and labor skill content
(Figure 3) than reconditioning and repair activities [38]. Economic conditions tend to favor the recycling
of materials over repair and reuse [37–39], both of which extend the lifetime of products and contribute
to the local economy [18]. Nevertheless, this holds less true for mobile phones because of the high
prices of new phones from the perspective of mobile phone users.

Figure 3. The hierarchy of secondary market production processes. Source: [39,40].

Factor conditions denote specialized factors of production or service, such as conditions related
to skilled labor, capital and infrastructure, which give a firm its competitive edge. Independent repair
shops benefit from low levels of entry barriers in the form of relevant skills needed in repair activities
and financial capital to establish a small or medium size repair shop, and do not rely on sophisticated
infrastructure to be able to provide their repair services. Yet, for each of these aspects related to factor
conditions, real challenges exist in sustaining the business, due to the advances in mobile phone
technologies. Mobile phones by design have become more difficult to repair, and require acquisition of
new knowledge and capabilities by repair shops to be able to continue repairing these new devices.
In addition to technical skills, social skills and capabilities are becoming more relevant to connect
with different generations of mainly local customers. Although initial capital needs to establish a
repair shop are relatively low, maintenance of the business necessitates selling additional products and
services to create additional streams of revenue ranging from selling accessories and mobile phone
call credits, to selling used or new laptops and portable sound systems. Finally, the tools needed to
continue repairing new devices, and finding trusted electronics or accessory retailers for parts and
additional products, as well as their price dynamics, challenge the repair shops. Shops which can
manage to overcome these challenges, through their specialized factor conditions, are more likely to
survive and register profits.

For independent repair shops, the presence of related and supporting industries is of critical
importance. Six groups of industrial actors make up the mobile phone industry: mobile phone
producers, electronics retailers, network service providers, repair services, refurbished second-hand
sellers, and accessory producers and retailers (Figure 4).

Electronics producers and retailers, which provide spare parts and components to be used in repair
services, form the main supporting industry for repair shops. Activities of refurbished second-hand
sellers, such as repair and data removal prior to sales, make used/refurbished phones more common
phenomena in the market for customers. Many repair shops also engage in these second-hand repair
and sale activities as a side business (Figure 4).
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Figure 4. Stylized relations among actors in mobile phone industry value chain. Source: [19].
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Thanks to their local presence (which allows for direct contacts with clients), skills, ties with
global upstream and downstream suppliers, relatively superior price for repair propositions, and the
selling of additional accessories and services to customers, independent repair shops are able to create
competitive customer value.

3. Data and Method

For this article, we engaged in primary data collection via a questionnaire with closed and open
survey questions, and interviews. This questionnaire served the purpose of obtaining factual and
qualitative information on a large number of issues with regard to firm strategy, structure and rivalry,
factor conditions, demand conditions, relating and supporting industries, the role of governmental
interventions, and the dynamics of these repair shops within a circular economy transition context
in their glocal business ecosystem. Interviews with participants helped us to more deeply explore
specific issues, and a meeting with three repair shops owners in Maastricht helped us to sharpen the
question-and-answer categories (and to remove sensitive questions on profits and other issues). Survey
questions in English can be found in the Appendix A (questions for the Netherlands, Poland and China
were basically the same, but adapted to the local context and language). Table 1 maps sub-sections of
our survey to the theoretical background presented in Section 2.

Table 1. Survey development.

Survey Sub-Sections Corresponding theoretical components and interactions

Establishing the Business Firm strategy, structure and rivalry

Human Capital Needs Factor conditions

Part Inventory Firm strategy, structure and rivalry

Tool and Equipment Inventory Firm strategy, structure and rivalry

Doing the Business
Firm strategy, structure and rivalry;
Related and Supporting Industries

Other Supply Chain Issues Related and Supporting Industries

Technical Capabilities, Infrastructure
and Innovation

Firm strategy, structure and rivalry

Customer Relations Demand conditions

Threats
Government; Firm strategy, structure and rivalry;

Factor conditions; Demand conditions; Related and
Supporting Industries

Views on Mobile Phone Manufacturers Firm strategy, structure and rivalry

The questionnaire was prepared in English, translated into Dutch, Chinese and Polish, and
pilot-tested in each country before contextual adaptations are performed. For the case of the
Netherlands, it is was sent online to 130 independent mobile phone repair shops after desk research
to identify these shops; 17 out of 130 participated in our study (13% response rate). In China,
we undertook an on-site inquiry to investigate the data and a total of 76 mobile phone repair
shops answered the interview questions. After collation, we received 70 valid questionnaires, which
accounted for 40% of the shops contacted. In Poland, both online distribution of the questionnaire
and computer-assisted telephone interviews (CATI) were used to reach respondents, resulting in 52
answers from 443 attempts to contact repair shops (an average response rate of 12%).

Our questionnaire with closed and open questions and complementary interviews were the
primary methodological instruments used for analyzing the dynamics of the glocal business ecosystem
of independent mobile phone repair shops. The response rate for the Netherlands (13%) was rather
low because of the difficulties associated with the target population, which was reluctant to participate
due to busy work schedules, crowded repair shops during work hours, take-home tasks from work
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and tiredness after work hours. Since we conducted complementary interviews, on the issue of size,
we relied on Guest, Bunce and Johnson, who found that 6 to 12 observations (interviews) are sufficient
for a scientific inquiry into a homogenous sample [41]. Our observations are mainly from Limburg
and North Brabant provinces of the Netherlands, and apply foremost to these provinces. In China,
the research group was divided into four teams, and the survey was conducted in Shanghai, Anhui,
Jiangsu and Hubei. Most of the surveys were carried out by students during their summer vacation.
A total of 175 mobile phone repair shops were visited, and about 40% (70 repair shops) agreed to accept
our interview. Among the feedback survey, there were 18 repair shops in Shanghai (45.7%), 11 in
Hefei Province (15.7%), 11 in Jiangsu Province (15.7%), and 16 in Hubei Province (22.8%). In Poland,
the questionnaire was first distributed online, sent to 280 mobile phone repair shops, resulting in 12
responses (4% response rate). As the low response rate is a well-known problem in online distributed
questionnaire research, to increase the number of responses, on the second stage of the research process,
structured interviews were conducted using CATI via a contracted market research company in the
Warsaw metropolitan area. After effectively contacting 262 companies sampled as mobile phone repair
shops based on the official enterprise register, an additional 40 interviews were conducted (response
rate 15%). The results from both stages were analyzed jointly, resulting in 52 observations.

With regard to the response rates above, the probability of capturing a theme within a sample can
be approximated by the ratio of the sample size to the target population [42]. A sample of 13% of the
target population size indicates a probability value between 0.81 and 0.92 that all themes relevant to
our study are captured. In this regard, we judge that our samples for the Netherlands, Poland and
China, especially at the provincial levels named above, are representative. In other words, the small
size can be expected to not significantly influence our findings and conclusions. While it would have
been better to have a larger sample size, the study does not claim strong generalizability, but rather
relevant contextual insights that are believed to apply more widely (according to our informers).
However, further research is needed for determining the robustness of this argument.

4. Results

Table 2 below demonstrates the findings for selected questions in a comparative way among
the Netherlands, Poland and China. In Section 4.1 (The Netherlands), 4.2 (China) and 4.3 (Poland),
we analyze the overall results and discuss findings.

Table 2. Selected results from mobile phone repair shops survey.

Survey Questions NL (n = 17) PL (n = 52) CH (n = 70)

Establishing the Business

Q3
3. Are you involved in the

business of selling refurbished
mobile phones? (yes/no)

47.10% (yes) 23.10% (yes) 15.71% (yes)

Q5

5. How long did it take you to
establish your mobile repair
shop (from idea to becoming

operational)? in months:

2 to 4 years In a few months At least 6 months

Q6

6. Before starting an official
business, did you repair

mobile phones on an informal
basis? (yes/no)

29.40% (yes) 15.40% (yes) 65.70% (yes)

Q7

7. What business or other
activity (education,

unemployed etc.) were you
involved in before you

established a repair company?

Educational background in IT
or IT-related fields. Previous
areas of business vary, yet all

related to services sector,
such as construction services,
cooling and air-conditioning
services, logistics, car repair,
insurance sales, outlet sales,

sports and gym management

Very diverse professional
experience, such as

production work, customer
care, advertisement, or

watchmaker. Also, education
varies from general secondary
school to higher education in

IT or chemistry

Most of the respondents
worked in IT related

occupations. A few of the
respondents were engaged
in other business, such as
salesmen and attendants.
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Table 2. Cont.

Survey Questions NL (n = 17) PL (n = 52) CH (n = 70)

Establishing the Business

Q11 11. Did competition increased
in the last year? 76.50% (yes) 50% (yes) 68.57% (yes)

Part Inventory

Q17
4. What percentage of the
parts is new? . . . % of the

parts are new
95% 34.60% 68.60%

Doing the Business

Q26 2. Do you give a warranty?
(yes/no) 100% 100% 74.29%

Other Supply Chain Issues

Q31 1. Do you accept phones by
postal mail? yes/no 94.10% (yes) 82.70% (yes) 51.43% (yes)

Q32 2. Do you have contact with
remanufacturers? yes/no 23.50% (yes) 26.90% (yes) 24.29% (yes)

Q33
3. Do remanufacturers collect

phones from your store?
yes/no

0% (yes) 15.36% (yes) 42.86%(yes)

Q34 4. Do you have contact with
recyclers? yes/no 64.70% (yes) 34.60%(yes) 58.57%(yes)

Q36
6. Do you receive payments

for giving phones from
recyclers? yes/no

11.70%(yes) 7.68%(yes) 61.43%(yes)

Q37 7. Do you receive or collect
phones beyond repair? yes/no 41.20%(yes) 67.30%(yes) 50%(yes)

Customers

Q39
1. Do you buy phones from

your customers for repair and
resale? (yes/no)

64.70%(yes) 42.30%(yes) 24.29%(yes)

Threats

Q42 1. What are the main threats
for your repair business?

Informal repair shops 68.80% 44.20% 37.50%

Rising prices of parts 37.50% 32.70% 62.86%

Falling prices of mobile
phones 43.80% 38.50% 61.43%

Replacement plans 12.50% 0.00% 15.71%

New repair shops 62.50% 38.50% 42.86%

Provisions on employment
Conditions 6.30% 13.50% 5.36%

Provisions on maintenance
product safety 0.00% 7.70% 12.86%

Leasing 12.50% 11.50% 8.57%

Provisions on operation and
maintenance business 43.80% 15.40% 20.00%

Rising maintenance tools and
equipment prices 6.30% 13.50% 38.57%

Official shops 43.80% 19.20% 50.00%

Q43 2. Have phones become
difficult to repair? (yes/no) 58.80% (yes) 69.20% (yes) 71.42% (yes)

Your Views

Q44
1. Could manufacturers do

more to avoid the need
for repair?

35% (yes) 51.9% (yes) 50% (yes)
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4.1. The Netherlands

4.1.1. Informality and Transitioning to Official Repair Business

In the Netherlands, 29.4% of respondents indicated that they repaired phones in an informal way
before they started their business. In line with this, provisions on the operation and maintenance of
business are reported as an important business threat by 43.8%. Before getting into mobile phone
repair activity, half of the interviewees report an educational background in IT or an IT-related field.
Previous areas of business vary, yet all related to the service sector, such as construction services,
cooling and air-conditioning services, logistics, car repair, insurance sales, outlet sales, and sports and
gym management. Interestingly, many migrants are active in the mobile phone repair sector both as
owners and workers. One reason for this is that migrant owners prefer to recruit migrant workers.
Informal activities usually take 2 to 4 years in transitioning to an official shop.

4.1.2. Motivation Behind Establishing a Repair Shop and Profitability

In the Netherlands, business experience of former shop owners is deemed not so important.
We observe that high profits and low risk still play an important role, if not a crucial one, in the Dutch
context, and, in general, 6 months is the average duration to reach profitability. This is highly likely
to be due to the mobile phone penetration rate and the higher average price of the devices owned in
the Netherlands.

4.1.3. Threats in the Business Ecosystem

In the Netherlands, informal repair shops and new repair shops are the biggest threats (68.8% and
62.5% respectively). Increasing prices of spare parts and falling prices of mobile phones also affects
the Dutch context. However, rising prices of maintenance tools and equipment and provisions on
employment conditions do not threaten the repair shops (6.3%). Official repair shops and provisions
on the operation and maintenance of the business pose considerable business threats according to the
respondents (each 43.80%) (Figure 5).
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Figure 5. Business threats to mobile phone repair shops in the Netherlands.

Interviewees in the Netherlands mentioned defensive actions of mobile phone manufacturers
as a business threat. One interviewee indicated that “Certain brands do not make available parts for
non-official repairers, which makes it difficult to guarantee quality”. Mobile phone manufacturers

16



Energies 2019, 12, 498

usually work with their own official repair services, and they also engage into certification of other
shops to authorize them. For non-authorized shops, these authorized/certified repair shops are a
business threat. One interviewee indicated that once repair shops get authorization certificates, they
deprecate unauthorized/non-certified repair stores: “We are often blackened by certain companies that
say we are very bad, and these companies have a certificate”. However, the defaming of non-certified
repair shops is not completely without grounds. An interviewee admits that “Some independent repair
shops create a very bad image for the entire independent repair shops by using very low quality and
cheap spare parts” and this results in misinformation and, thus, an unfair competitive environment.
Competition is skewed to companies with advertising power. An interviewee points out that “Official
stores use online advertisement AdWords; they pay to pop up first in Google Search”. The business
environment for mobile phone repair business becomes more challenging as a greater number of
informal and illegal repair activities enter in the market: “There are more and more homeworkers
. . . illegal businesses”. Yet not all threats are external; repair shops are challenged also by internal
weaknesses in keeping up with the new knowledge: “Repairing becomes more difficult and the
knowledge is not always there . . . maybe also because of my age”. In the Netherlands, 58.8% of
respondents pointed out that mobile phones have become more difficult to repair.

Considering business threats, as expected, in the last year (2017) competition increased for 76.5%
of respondents in the Netherlands: “Unfortunately, there are too many shops that offer repair for a
very low price”.

4.1.4. Supplier Relations

In the Dutch context, 59% of the repair shops change their suppliers quickly for cost reasons
(47.1% do not). Formal and informal contracts are equally used. The origin of main suppliers is
China. Direct supply accounts for 76.5% of mobile phone repair shops in the Netherlands. As well
as the low price, the variety and reliability of supply are also important determinants for the choice
of suppliers. Most use China as a preferred supplier. Some rely on intermediaries: “It was easier at
the beginning but now the quality parts are hard to find if you have to buy them yourself. The big
buyers in the Netherlands know their way and therefore also find good parts at a reasonably attractive
price.” Interviewees also indicated that components are often not available in Europe, and that even
the original parts are available in China. “Big buyers are mainly located in the Netherlands, if we
cannot find what we are looking for from them, we contact big buyers in Germany or in the UK”.

4.1.5. Customer Relations

Social interactions with customers play an important role in establishing a mobile repair shop
in the Netherlands (76%), and keeping up with these social relations is deemed as a key activity.
Interestingly, 66.7% of the shops have decided not to use such parts to maintain the trust between them
and their customers, and to provide best customer satisfaction. Very much in line with this, 58.8% offer
paid and unpaid services outside the repair of components in the Netherlands. The most common
service provided to customers is related to software (e.g., software recovery, support, reset and replace),
followed by data related services (e.g., data backup, transfer, recovery, memory reset). Financially,
these services form an important part of the revenues of only 31.3% of firms. Reductions, discounts,
or even no billing in some cases for such services are used to maintain good social interactions with
customers, sustain customer satisfaction and enhance customer loyalty. Repair shops also extend their
services to logistics companies as contact points, e.g., for DHL and Western Union. In line with this,
94.1% of respondents accept phones by postal mail.

4.1.6. Circularity Oriented Economic Relations

Only 23.5% of the surveyed repair companies indicated having contacts with remanufacturers.
Remanufactures do not collect phones from independent repair shops. A total of 64.7% of the repair
shops is in contact with recyclers, but only 17.6% send or sell to recyclers, where only 11.7% of the
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repair shops are being paid by these recyclers for these sent phones. In addition, 41.2% also collect
mobile phones beyond repair, 47.1% sell refurbished phones, especially after 2015, and 52.9% are
interested in using parts from used phones more often. A total of 64.7% of respondents buy used
phones to sell later.

Contact with recyclers, as well as selling refurbished phones, are established practices. According
to Deloitte (2017), 12% of mobile phones in the Netherlands are either reused or refurbished.
An interviewee indicated that “Refurbished market is rising enormously. Many customers ask for
used or refurbished devices. Due to the compulsory Bureau Krediet Registratie (BKR) registration
for phones over 250 Euros bought with credit, many people buy a separate device instead of taking a
subscription with registration”. Environmental reasons, customer demand, and cost reasons are the
most important motivations behind using components from used phones; supply constraints for new
parts is the least important factor in Dutch context. On this, interviewees indicate that “Used original
parts do not mean that they are worse. Some copy parts that are new are less good as a used original.
So used parts are not bad from experience and it is also much better for the environment”.

Using used parts necessitates testing and careful disassembly: “As long as every part is tested,
that’s well, nothing is wrong. But then you have to start looking again that these parts do not become
more expensive than the new parts”. Another interviewee notes that parts from used devices are not
tested properly. “Often these parts come from water damaged devices. It is a nice idea to get parts
from used equipment, but it requires paying attention to disassembly which is not common if you buy
used spare parts from somewhere else”.

New parts are used by 95% of respondents. Paying for a used phone is different than paying for a
used part to be utilised in repair. Customers do not prefer repairs with used parts and prefer new parts.
Repair shops provide a 100% warranty in the Dutch context, which is in line with the finding that
provisions concerning the maintenance of product safety are reported as a zero threat. All respondents
request a supplier guarantee in the Netherlands.

4.1.7. Planned Obsolescence and the Future of the Repair Business in the Netherlands

Many interviews said that mobile phones are designed to have a short life. According to one
independent repair shop owner “Manufacturers’ initial aim is the sale of a new device every two years,
making the device weaker so that the device does not last longer than 2 years. Yet they also earn on
the parts”. Another interviewee reflects on the technological advances at the side of manufacturers
and consumer attitudes towards newness: “We are a disposable industry and that is not only because
of less quality but also because of design, innovation, new and better techniques, developments (e.g.,
stronger glass (possibility is already available with sapphire glass) . . . but certainly, also because of the
urge of people to own something new and be able to afford it”. Planned obsolescence is a complex
phenomenon involving hardware-based weaknesses, software-based update requirements, as well
as new design features which make an older yet fully functioning model undesired in the eye of the
customers. Although measures are taken for hardware-based weaknesses (e.g., waterproof devices,
stronger glass in screens), software-based obsolescence still remains as an important part of the planned
obsolescence debate. Yet, in the Netherlands, an increase in the demand for mobile phone repair is also
foreseen by repair shop owners due to increasing awareness (e.g., technical, economic, legal) of the
demand side: “It is becoming increasingly known to people that a device can still be repaired. It is also
becoming increasingly known that there is a difference in the quality of repairs/parts”, and due to
government interventions, changes in law relating to subscriptions, and “especially, due to changes in
the law and change of subscription structure”.
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4.2. China

4.2.1. Informality and Transitioning to Official Repair Business

In China (n = 70), 65.7% of respondents reported that they repaired mobile phones on an informal
basis before they officially started business. Before getting into mobile phone repair activity, most
of the respondents worked in IT-related occupations. A few of the respondents were engaged in
other businesses, such as salesmen and attendants. Compared with the Netherlands, mobile phone
repair shops in China usually do not involve immigrant owners. It usually took at least half a year for
informal activities to transition into an official shop in China.

4.2.2. Motivation Behind Establishing a Repair Shop and Profitability

Prospects of high profits (47.1%), low risk (41.4%) and previous experience (42.9%) are considered
very important drivers in establishing their shops. Within one year after opening, 50% report that they
reach profitability. The large number of mobile phone users and the fast updating of smart mobile
phones in China are positive contributing factors.

4.2.3. Threats in the Business Ecosystem

The main threat in the business ecosystem is financial: rising prices of parts (62.86%) and
falling prices of mobile phones (61.43%). Next to this, official repair centers (50%) and new repair
shops are said to pose a serious threat (42.86%) for the independent repair shops. Rising prices of
maintenance tools and equipment (38.57%) are a bigger threat than informal repair shops (37.5%)
in China. Provisions for operating and maintenance business (20%), replacement plans (15.71%),
provisions on maintenance product safety (12.86%) are less pressing, while phone leasing (8.57%)
and provisions on employment conditions (5.36%) form the least significant threats according to the
respondents. Non-repair activities are engaged in by 61.43% of respondents for additional revenue.
In the context of China, competition in the mobile phone repair market has increased for 68.57% of
respondents (Figure 6).

 

Figure 6. Business threats to mobile phone repair shops in China.

In interviews, Chinese interviewees noted that the increasing renewal rate of mobile phones is
threatening their business. Many people will renew their mobile phone within 2–5 years. In the first
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year, mobile phones are under the quality warranty period. During this warranty period, consumers
will go to official repair centers for fixing their phone. After around 2 years, many people would prefer
to replace a new mobile phone instead of repairing it. Several interviewees also said “Many people
worry that private repair shops cannot completely repair their mobile phones or complain that the
maintenance cost is too high. In fact, after the warranty period of the mobile phone, the repair cost in
the private repair shop is lower than in the official repair center.”

Furthermore, with the frequent updating of mobile phones, mobile phone repair centers are also
facing threats on the technology side. Our survey revealed that 71.42% of our investigated shopkeepers
in China think that mobile phones are becoming more and more difficult to repair. Their feedback
reflects that some issues of mobile phones are not easy to handle.

4.2.4. Supplier Relations

A total of 97.14% of respondents sources parts from China (home country); 68.57% of the parts
are new (31.43% are used) and 84.29% require suppliers to provide warranty on these parts. Original
new parts are sold by 77.14% and 50% quickly replace the parts supplier for cost reasons. Shops have
formal contracts (30%) and informal relations (34.29%), and 35.71% have both. These findings indicate
the knowledge and cost-based constraints of repair shops in China.

Regarding quality and price, it is said that “mobile phone accessories in China are adequate and
inexpensive. The parts made in China can cope with normal repair work. Usually there is no need to
use foreign parts”. The mobile phone industry in China has made rapid progress. More than 70% of
the world’s mobile phones are produced in China and eight of the top ten mobile phone sales brands
in the world are from China, making it the first option for mobile phone parts supplies.

4.2.5. Customer Relations

Phones are accepted by postal mail by 51.43% of respondents. A total of 75.71% repairs all
types of mobile phones, and 31.43% even repair illegally made bandit phones. Warranty for services
are provided by 74.29% of respondents, and 42.86% provide fee-based services other than repairs.
For 65.71%, these services are an important source of their revenues, while 35.71% plans to provide
fee-based services in the future. These findings indicate the increasing need of shops in being able to
provide additional services surrounding repair activities in China.

It is said that “The online business system for mobile phone repairing in China is becoming
popular and mature. Customers do not need to show up in our shops. Usually, we can receive
customers’ orders on Taobao. Then customers will send us their phones and we send phones back to
them after repair work finished”. This kind of online business mode offers convenience to both sides.
The convenience is based on mature online communication and monitoring business system, and trust
between the customer and repair shops. “The online order sometimes can be a big part of our business,
this undoubtedly increases our income”, some interviewees said.

4.2.6. Circularity Oriented Economic Relations

In China, 24.29% of the repair shops are in touch with the refurbished manufacturers. Refurbished
manufacturers source phones from repair shops (42.86%). While 24.29% buys a customer’s unwanted
phone for repair and resale, only 15.71% of the repair shops sell refurbished phones. A total of 18.57%
of respondents is more interested in using used mobile phone parts than in using original parts yet are
respondents worry that consumers do not want such parts (61.43%). Warranty and legal requirements
(34.29%) are the most important reasons why shops do not prefer using used mobile phone parts.
Some interviewees stated that using used parts would save a lot of costs, but the quality of old parts is
difficult to guarantee. Since the new parts are not expensive in China, the mobile phone repair shop
owner usually uses new parts rather than old ones.

Regarding recycling, 58.57% of respondents has contact with recyclers, 61.43% also sells phones
to recyclers, and 50% recycles phones other than repairing them. Many of the recycled used phones go
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to professional “online trading system for second hand phones”, such as Taobao and Yiji. The used
phones would be tested and given a recycled price. These findings indicate the increasing maturity
of circular economic relations of mobile phone repair shops and the subsequent phone reuse and
recycling business in China.

4.2.7. Planned Obsolescence and the Future of the Repair Business in China

In China, 50% of the respondents think that manufacturers can do more to avoid maintenance.
According to the participants, manufactures do not want to extend the use of mobile phones for more
than 2 years (planned obsolescence). A total of 42.86% indicate software requirements and updates
require that a new phone will be needed in any case. On the other hand, 55.36% still argue that if more
people buy mobile phones, this will lead to more repair and maintenance demand; for 28.57%, more
mobile phones sold would not make any difference to the demand for repair.

With regard to the future of the mobile phone repair industry in China, our respondents generally
believe that the industry is in a period of decline. The main reason is that our respondents believe
the profit margin of mobile phone repair is decreasing with the continuous upgrading of mobile
phones, since the technical requirements for fixing high quality mobile phones, such as those of Apple,
are increasing.

4.3. Poland

4.3.1. Informality and Transitioning to Official Repair Business

In Poland, before getting into mobile phone repair activity, interviewees had very diverse
professional experience, such as production work, customer care, advertisement, or watchmaker.
Also, education varies from general secondary school to higher education in IT or chemistry. Only
28.8% indicated that they worked in similar business—repairing phones or computers—before they
opened their own repair shops, and 15.4% said that they repaired phones in an informal way before
they started their business. Transitioning to an official shop can be done in a few months’ time.

4.3.2. Motivation Behind Establishing a Repair Shop and Profitability

In Poland, the most important motivation to open a repair shop is the expectation of high profits
and the former business experience (important or very important for 86.5% of respondents). Almost
equally important is the preference to be the owner (not to work for somebody else) and opportunity
to work with people (84.6%). As many as 78.8% of respondents point out that they simply like the
repair work. Furthermore, 61.5% mentioned low risk as an important factor. This indicates that in
Poland, risk connected to the establishing of the repair shop is not considered to be low. At the same
time, most of the respondents in Poland claimed that the company started to generate some profits as
early as after one month (44.2%), while 23% indicated a period between 2 and 6 months. Usually, after
taking the decision, it takes only 2–3 months to open the shop.

4.3.3. Threats in the Business Ecosystem

In Poland, generally, respondents are less likely to see changes in the environment as a threat to
their business than in the Netherlands and China. Similar to the Netherlands, informal repair shops
(44.2%), new repair shops and falling prices of mobile phones (both 38.5%), and increasing prices of
spare parts are the biggest threats (32.7%). We can see that the same sources of threat are repeated
between countries as being most relevant (Figure 7).
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Figure 7. Business threats to mobile phone repair shops in Poland.

Additionally, respondents mentioned product change as a source of threat: progressing
miniaturization already made some repairs very difficult and up to some point, may render
it impossible.

The development of “non-repairable” mobile phones is seen by some as a purposeful action of
the producers. Indeed, 69.2% respondents in Poland point out phones are currently more difficult to
repair then they used to be. Moreover, 50% believes that competition increased in the last year, while
36.5% does not see the changes in this regard.

4.3.4. Supplier Relations

Only 23% (in comparison with 59% in Dutch context) of Polish repair shop owners change their
suppliers quickly for cost reasons; 32.7% of owners base these relations on formal contracts, 48.1% rely
on informal contracts, while 19.2% develop both formal and informal contracts. Almost all cooperate
with suppliers in Poland (88.5%), while a considerable number also buy spare parts or tools from China
(40%). A few also indicated countries such as Germany or England. Those who obtain supplies from
China point out their low prices (76.2%) and wide assortment (61.9%). When parts are not available in
Poland, they would buy directly from Chinese suppliers, in particular.

4.3.5. Customer Relations

Opportunity to work with people is highly valued by repair shop owners in Poland. To increase
client satisfaction and, possibly, to generate the additional source of income, it is not uncommon for
additional services are offered besides repair: 19.2% of respondents offer such services, such as parcel
pick-up, short-term lease of electric equipment, or phone/computer configuration. Only for 5.8% of
respondents did these activities constitute a significant source of income. The acceptance of phones
sent by mail is widespread: 82.7% of respondents accept them.

4.3.6. Circularity Oriented Economic Relations

Similarly to the Netherlands, 26.9% of respondents pointed out that they have regular cooperation
with remanufacturers. From this group, 57.1% have arranged the regular collection of phones from
their repair shops. Only 34.6% of companies are in regular contact with recyclers, and from this group,
22.2% receive payment from recyclers for the phones which they pass to them. As much as 67.3% of

22



Energies 2019, 12, 498

respondents also collect mobile phones beyond repair, while 42.3% buy used phones to sell later and
23.1% sells refurbished phones.

In Poland, 65.4% of respondents use used parts in their repairs, a share that is considerably above
that in China (31.4%) and the Netherlands (5%). They point out the following reasons: limited access
to new parts (70.6%), lower costs (38.2%), and customers’ expectations (29.4%).

Environmental protection is less important (11.8%). Respondents point out that used components
have higher quality—they claim that “it’s always better to get the part from the original phone, rather
than cheap replacement”.

All repair shops provide a warranty, usually for three months (63.5%) or six months (25%).

4.3.7. Planned Obsolescence and the Future of the Repair Business in Poland

More than half of the respondents in Poland (51.9%) believe that producers could do more to
avoid the mobile phone repairs; in other words, they suspect producers apply a planned obsolescence
strategy. In their opinion, producers do this because they want their customers to buy a new device
after the old one is broken. Some of the research participants believe that the new mobile phone models
are also designed to hinder the repair; currently, it may be even difficult to open the mobile phone to
start the repair process.

The low level of perceived threats to the business signals the general optimism of Polish repair
shop owners. This may result from their evaluation of the impact of rising sales of mobile phones: 73.5%
of respondents believe that more mobile phones on the market will lead to more repairs. However,
they also stress that it depends on the value of the mobile phone: the more expensive phones are
repaired, while the cheaper phones are replaced.

5. Discussions and Conclusions

In this article, we examined the glocal competitive dynamics in the mobile phone repair sector
in the Netherlands, China, and Poland. In doing so, the article contributes to the literature on the
circular economy by offering an in-depth study of independent shops specializing in mobile phone
repair in different local contexts, which emerged in a self-organized way, without special government
innovation programmes and support schemes. The analysis was done with the help of survey questions
with closed answer categories and open-ended questions, focus group meetings, and interviews of
independent mobile phone repair shops operating in three different contexts.

5.1. Price Squeeze

Facilitating factors for the emergence of their businesses are: the high prices of mobile phones, official
repairs and original spare parts; technical skills that were easy to learn; relatively quick time for repairs;
and the possibility for direct contact with customers in shops. In all three countries, we observe a
dynamic interaction between factor conditions and demand conditions in building up competitiveness.

For Chinese repair companies, the biggest business threats stem from rising prices of parts
(62.86%) and falling prices of mobile phones (61.43%), followed by rising prices of maintenance tools
and equipment (38.57%). The least significant threats include telephone leasing (8.57%) and provisions
on employment conditions (5.36%). A negative factor for customers in China is the limited warranty
that is generally available from Chinese repair shops, something which is not the case for the repair
shops in the Netherlands and Poland because of EU regulations.

5.2. Increasing Technical Complexity

Our results and analysis indicate that changing factor conditions of technical skills play a crucial
role for independent mobile phone repair shops. With advances in the mobile phone industry and
increasing difficulty in reparability, in order to survive, independent repair shops develop skill-based
strategies to cope with new knowledge needs. Keeping up with the new information and knowledge
needs and requirements is a challenging activity for independent repair shops in the ecosystem.
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Reparability is highly dependent on the choices of mobile phone producers in terms of durability,
design, and provision of spare parts associated with their products. This constitutes a dynamic
interaction between factor conditions and related and supporting industries, which has a direct impact
on repair shops’ strategy, structure and rivalry. People opt for mobile phone repair chiefly for financial
and technical reasons of not being to solve the issues of their phones themselves.

5.3. Increasing Competition

Competition is increasing in the contexts of all three countries, with the Chinese repair shops
more negatively affected by price dynamics than the shops in the Netherlands and Poland. To remain
competitive, repair shops offer additional services in the form of selling accessories, mobile phone call
credits, software recovery (e.g., support, reset and replace), followed by data-related services (e.g.,
data backup, transfer, recovery, memory reset).

5.4. Circularity Relations

Refurbished and repaired phones are common in all contexts, but in China and Poland repair
shops have more intensive financial relations with recyclers than in the Netherlands. In all countries,
refurbishment and reuse are common activities, in contrast to remanufacturing-related activities, which
are still in an emerging stage. For mobile phone companies, remanufacturing is not a priority and
neither is sourcing it out to third party suppliers. Remanufacturing and recycling firms are important
for independent repair shops, i.e., to buy phones beyond repair from shops to recycle, or providing
remanufactured phones to be sold. Nonetheless, such market transactions depend on the choices of
mobile phone manufacturers and government regulations.

Relevant policies are Extended Producer Responsibility requirements that define the conditions
in which an electronic product can or should be collected, recycled and recovered (e.g., WEEE
(2002/96/EC); battery directives (2006/66/EC) in EU); regulatory reuse requirements; and warranty
schemes for second-life products. This legislation regulates the activities of these supporting and
related (remanufacturing and recycling) industries in business-to-business transactions, and, thus,
their interaction with independent repair shops.

5.5. Policy Recommendations and Future Research Directions

Our case analyses reveal that the future of local independent repair shops dynamically depends
on the circular choices (durability, design, and reparability) of global actors (e.g., mobile phone
manufacturers) as key players, and outer-circle remanufacturing and recycling industries of a circular
economy. While there are local economy and (digital) platform elements (of on-line repair manuals),
mobile phone repair is not purely local because of the non-local availability of product components
and materials. Profit levels are decreasing for independent repair shops. However, whether the
viability of the sector as a whole is undermined by technical difficulties of repair that stem from design
choices of global manufacturers using linear economy business models could be investigated further.
Additionally, future research directions on local mobile phone repair may concentrate on the dynamics
of global manufacturers’ choices in using durable and easy to repair product designs, availability
of spare parts for longer periods, and the dynamics of access to repair service documentation and
software by third party shops and individuals.

The case of mobile phone repair shows possibilities for business-based circularity action at the
local level but also demonstrates the importance of the supra-level (e.g., component suppliers and
OEMs in other parts of the world, recyclers, national governments and the EC as the governing body
of the European Union). To help mobile phone repair, EU and Chinese legislations could stipulate
demands for reparability and information access. A complication is that the business of independent
mobile phone repair is poorly organized, making it hard for repairers to argue their case to national
or urban-level policy makers. The possibility to directly discuss issues of repair with mobile phone
repairers and obtain additional services is greatly appreciated by customers, and a key reason behind
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the existence of mobile phone repair businesses. Such activities are undertaken as part of global value
chains and networks, in which the ties with remanufacturing and recycling firms are, so far, relatively
weak. A notable development in this respect is the creation of the fair phone, which is innovatively
using the demand side of its supply chain to drive sustainability [43].

Finally, it should be noted that product repair by independent shops is a business response to an
economic opportunity. It is not based on shared value creation or sustainability thinking, which are
motivators for repair cafés (engaged in the repair of household appliances and other mobile phones)
and the (broader) movement of makers, modifiers and fixers [44,45]. Thus, such centers and cafés, and
the dynamics of local socio-technical skill formation and non-market-based solutions in mobile phone
repair, could be interesting topics of further research.
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Appendix A

Mobile Phone Repair Survey Questions

Establishing the Business (11)

Q1 1. What are the activities your business is involved in?
Q2 2. What is the share of revenue from repair activities in all activities? (%)
Q3 3. Are you involved in the business of selling refurbished mobile phones?
Q4 4. When did you enter the mobile phone repair business? (The year in which you became operational)
Q5 5. How long did it take you to establish your mobile repair shop (from idea to becoming operational)?

in months:
Q6 6. Before starting an official business, did you repair mobile phones on an informal basis? (yes/no)
Q7 7. What business or other activity (education, unemployed etc.) were you involved in before you

established a repair company?
Q8 8. What role did the following play in establishing a mobile repair shop?

The prospects of high profits
Low Risks
Previous Business Experience as shop owner
I like repair work
I like being a shop owner
Social interactions with customers
Other:

Q9 9. How quickly was the repair of mobile phones profitable? Please only answer for activities related to
the repair of mobile phones. In . . . . Months / in . . . ..years

Q10 10. How many repair shops are there in your area (within 1 km2)?
Q11 11. Did competition increase or decrease in the last year?
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Human Capital Needs (2)

Q12 1. How many employees do you have?
Q13 2. On average, how many telephones could an employee repair per day? (a range can be given when

people desire to do this, for example: 5 to 10 phones)
Part Inventory (9)

Q14 1. From which countries do you purchase the parts (components)?
Q15 2. If you purchase parts from China, why?
Q16 3. Do you source parts via trade intermediaries? If so, in which country they are based?
Q17 4. What percentage of the parts is new? . . . % of the parts are new
Q18 5. Do you ask for a warranty for the parts?
Q19 6. Are you interested in using components from used phones more often?
Q20 6.1 What are the reasons why you are more interested in using components from used phones?
Q21 7. What is the most important reason for NOT using parts from used phones more often?

It is easy to get original parts
Legal requirements for warranty
Fears that consumers do not want this
Absence of warranty
Other reason (e.g., negative image)

Q22 8. Do you quickly change part suppliers for cost reasons?
Q23 9. Is your relationship with suppliers based on formal contracts or informal relations?

Tool and Equipment Inventory (1)

Q24 1. What is the origin of the tools to repair mobile phones? Please state the most important country e.g.,
China, other country (to be named)

Doing the Business (5)

Q25 1. Do you repair all types of phones? Yes/no. If no, what phones do you not repair?
Q26 2. Do you give a warranty? Yes/no. If no, what warranty do you give?
Q27 3. Do you repair illegally produced phones?
Q28 4. Do you offer payable services beyond the repair of components?
Q29 5. Do such services constitute an important source of income for you?
Q30 * Do you intend to offer payable services in the future?

Other Supply Chain Issues (7)

Q31 1. Do you accept phones by postal mail? yes/no
Q32 2. Do you have contact with remanufacturers? yes/no
Q33 3. Do remanufacturers collect phones from your store? yes/no
Q34 4. Do you have contact with recyclers? yes/no
Q35 5. Do recyclers collect phones from your store? yes/no
Q36 6. Do you receive payments for giving phones from recyclers? yes/no
Q37 7. Do you receive or collect phones beyond repair? yes/no

Technical Capabilities, Infrastructure and Innovation (1)

Q38 1. Have you bought new innovative tools and equipment in the last year? If so, what was new?

Customers (3)

Q39 1. Do you buy phones from your customers for repair and resale?
Q40 2. What percentage of your sales is from phones which are repaired and resold? . . . %
Q41 3. Do you foresee an increase or decrease in telephone repairs in general? Why?

Threats (2)

Q42 1. What are the main threats for your repair business?
Q43 2. Have phones become easy to repair?

Your Views (2)

Q44 1. Could manufacturers do more to avoid the need for repair?
Q45 2. If more people would buy the phone, would this lead to more repairs or less repairs, and why?
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Abstract: Cities have for a long time been key actors in sustainable urban development, and in recent
times, also for the sharing economy, as they provide a fertile breeding ground for various sharing
initiatives. While some of these initiatives build on existing practices and infrastructures such as
public libraries and repair workshops, others require the involvement of private companies, as in
the case of car sharing. The sharing economy might therefore require a significant reinterpretation
of the role of local governments, businesses and citizens, which in turn might imply a complex
re-organisation of governing. This article will explore what potential roles cities might have
in governing the sharing economy. Four Swedish cities serve as case studies for this purpose:
Stockholm, Gothenburg, Malmö and Umeå. City data was collected primarily through qualitative
means of investigation, including workshops, interviews and desk research. In Malmö, additional
participatory observations were conducted on the testbed Sege Park. Results were analysed with
a framework developed for understanding the various governing roles for cities in the sharing
economy. Three dominant modes of governing were identified and discussed: governing by
provision and authority; governing by partnership and enabling; and governing through volunteering.
The four cities made use of all three governing modes, although with a primary focus on governing
by authority and governing through partnership. When characterised by governing through
volunteering, projects were always initiated by the city, but then run formally by an NGO. While all
governing modes may have a role and a purpose in the sharing economy, it is still important that
cities reflect upon what are their actual implications. Risks include a collaborative governing mode
out-competing some businesses, for example, and a self-governing mode reducing the action space
of the volunteer sector.

Keywords: sharing economy; sharing cities; sustainable urban governance; sharing business models;
sustainable business models

1. Introduction

Cities have long been key actors as planners and governors for sustainable urban development [1].
More recently, cities have also become a breeding ground for new sharing economy initiatives [2].
In a sharing economy, under-utilised assets are shared in order to optimise resource use.
Individuals and families rent or borrow their assets to other people, which can be contrasted with a
gig economy in which individuals offer their services to companies on a part-time basis [3].

Sharing platforms are tools that enable citizens to share, lend, sell and rent resources. Such sharing
activities have the potential to promote more efficient use of resources and reduce the environmental
impacts from consumption [4,5]. The new frontier in the sharing economy is called ‘prosumers’,
and commonly refers to the formation of energy sharing communities between local inhabitants and
utility companies [6,7]. The potential for sustainability of the sharing economy is still debated and
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needs further investigation [8]. This, however, will not be the focus for this paper. Rather, we zoom in
on the different roles that cities may adopt in governing the sharing economy.

In some cases, cities may be overwhelmed by the emergence of a great variety of start-ups,
e.g., in the area of mobility (e.g., car sharing, taxi services), and are forced to catch up by developing
policies encouraging or inhibiting the emergence of such services. Other cities take a much more
proactive role by shaping the new sharing initiatives. Examples of the latter involve the establishment
of tool libraries or tool pools where people may borrow tools at no or low cost [9,10]. In this article,
we will analyse the different roles local governments have taken in the sharing economy in four
Swedish cities.

The potential for cities to leverage different resource-efficient sharing initiatives is potentially
high, but at the same time not limitless. Local governments have authority in a restricted geographic
area, with limited space for infrastructure, initiatives and services. Local governments need to
work in governance processes, made up of partnerships and network-orientated decision-making
in a sophisticated interplay between public, private and non-profit organisations [11]. Cities need
to mobilise external actors (and their resources) for the formulation and implementation of complex
cross-boundary issues such as sustainability, circular economy, sharing and experimentation [12].
Cities are encouraged to be at the forefront of these processes, and when doing so, the interests of
external actors need to be integrated into local policy-making. At the same time, cities still need to
carry out their compulsory duties and fulfil their responsibilities for providing welfare services to their
citizens. Engagement in experimentation and sharing, for example, then takes resources from the cities
and influences how they can perform their regulatory tasks. Acquier et al. [13] discuss the need to
understand the complex and sometimes contradictory objectives cities have when advising them on
how to engage in the sharing economy. Cities are supposed to navigate between requirements such as
acting in the interest of the public and working on digital platforms without causing any negative
externalities [13].

On the one hand, it is not obvious that a local government should engage in the sharing economy.
It might be better to leave this space open for private and voluntary initiatives to enter. On the other
hand, in countries like Sweden, where the voluntary sector has traditionally focused on sports and
leisure, this means the sharing economy might never take off [6]. Yet, the sharing economy could
have many benefits for municipal development and democratisation [14]. May et al. [15], for example,
argue that digital sharing platforms could be a way for cities to pursue a more attractive image.
This, however, requires a reinterpretation of the role of local governments, businesses and citizens,
which in turn implies a complex re-organisation of governing. Cities might need to explore new modes
of governance [16].

In this article, we address the following research question: What potential roles do cities have in
governing the sharing economy? The dilemmas faced by cities when engaging in the sharing economy
are described, and an analytical framework for discussing what sharing issues municipalities should
engage in, when and why, is presented.

2. Background

This section discusses the sharing economy in a local context, followed by a background on how
to study the governing of the sharing economy.

2.1. Sharing Economy: Background and Local Contexts

While not a novel phenomenon per se [17], sharing has gained popularity in recent years through
the ICT and social networks (e.g., digital platforms), enabling a sharing economy [15,18]. This has
been called an “idea that will change the world” through its potential contribution to future economic
activity [19].

Within the sustainability discourse, the sharing economy has been endorsed as a means for
dematerialising our economies [2,20]. In the background lie growing concerns about the unsustainable
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consumption patterns characterising our times and the resulting over-exploitation of natural resources
that lead to increasing pollution, climate change, biodiversity loss, etc. [2,21].

In academia, the sharing economy has mainly been studied as a solution that leverages the idling
capacity of goods and services by offering access over ownership [2]. Critics, however, claim that it
is becoming a ‘catch-all term’, and call for a more detailed definition [22], notably because semantic
confusion can lead to the concept being misused in ways that go against its intended meaning.
Similar to the term ‘green washing’, ‘share washing’ has been used to describe such situations in which
companies make illicit linkages between their core business and sharing as a sustainable consumption
practice [2]. ‘Platform capitalism’ or ‘neoliberalism on steroids’ are other phrases that have been used
to describe the controversy surrounding the definition of the sharing economy [23].

Taking the above into account and contrasting the sharing economy with terms like collaborative
consumption, the gig economy, peer-to-peer economy, circular economy, and consumer-to-consumer
economy, Acquier et al. [24] proposed an organising framework for the sharing economy that
rests upon “three foundational cores”. Visible in Figure 1 below, these are: (1) access economy
(e.g., the sharing of underutilised assets for optimising resource use), (2) platform economy
(e.g., digital platforms mediating decentralised exchanges among peers), and (3) community-based
economy (e.g., coordination through “non-contractual, non-hierarchical or non-monetized forms of
interaction”) [24].

Figure 1. Conceptual underpinnings of the sharing economy. Borrowed from Acquier et al. [24].

Cities make up a particularly fertile breeding ground for sharing economy initiatives [25].
Davidson and Infranca [26] discussed how proximity and density features of urban environments
bring about, e.g., agglomeration benefits. Reduced transportation costs and access to a diverse labour
market are some of the factors that allow for increased productivity and economic growth in cities.
A deeper pool of sellers and buyers foster specialisation, and thus the provision of goods and services
that may otherwise not exist locally. The development of new products and services is also linked to
the rapid information exchanges that are enabled by modern infrastructure in cities, which in turn help
spur innovation.

Providing a similar logic, May et al. [15] stated that the “increasing urbanization and densification
of the population helps smooth the friction of the sharing economy”. In addition, conversely, according
to Davidson and Infranca [26] the sharing economy is also “an agent of urban transformation”. This is
due to its potential impact on the economic, physical, geographical and social landscapes in cities.
Hofman et al. [27] believe that the public sector has mainly acted as a regulatory body in the sharing
economy, neglecting other potential roles as customers and platform providers. They undertake
a theoretical analysis of how the different roles a city can take in the sharing economy relate to four
different values: professionalism, efficiency, service, and engagement. They find opportunities and
challenges of each role for the four public values, but conclude that there is a need for empirically
based research on the subject. This article seeks to contribute in this exact regard.
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Across the globe, cities have taken different approaches to the sharing economy, with regard to
both its opportunities and challenges. Developments are emerging from collaborative initiatives such
as the ‘sharing cities’ network, culminating in November 2018 with a Sharing Cities Declaration [10].
In Sweden, the sharing economy has been described as fairly under-developed as compared to
other countries [15]. The majority of companies working in the sharing economy are still in a
start-up phase, and thus have a low level of revenue. That said, Sweden is seen to have good
conditions for furthering and benefitting from the sharing economy. Key factors include high levels of
employment, innovative entrepreneurship, specialisation in IT and communication services, use of
internet and mobile phones, and strong public interest in sustainability related matters [18]. This is
reflected in the mapping and analysis of sharing services and initiatives in Swedish cities provided by
Markendahl et al. [10], as well as in the constant increase of digital sharing platforms operating within
national borders. A 2016 survey undertaken by Nordea also showed an annual increase in sharing
economy ‘users’ of 3%, reaching approximately 13% of the Swedish population [18].

2.2. Governing the Sharing Economy

Palm et al. [9] claimed that achieving sustainable consumption required a reinterpretation of the
role of public organisations, businesses and citizens because of the “complex challenges and institutional
contradictions for governance” that it entails. This is in line with previously developed theories on the
multi-level governance and dispersion of power that characterises our modern society [28–30].

In relation to governing the sharing economy, the need for “tougher rules” has been expressed in,
e.g., The Guardian [31]. Lacking are policy guidelines ensuring that both providers and consumers
are protected in sharing activities. Indeed, Cannon and Summers [32] went as far as arguing that
“regulation is often the most significant barrier to future growth for sharing economy firms”.

Murillo et al. [23] believe that the sharing economy should be “of particular interest to governments
and public authorities since it is estimated that 70% of Europeans and 72% of Americans are involved in
SE [sharing economy] activities” (p. 66). Highlighting situations in which national governments fail to
establish an appropriate regulatory environment, however, they notice that “local governments are the
ones that must carry the burden of taxing firms and enforcing law” (p. 70). This is also recognised by
Davidson and Infranca [26] when discussing the sharing economy as an urban governance challenge,
pointing to the intrinsic dependences between sharing activities and specific urban conditions.

Indeed, local or “city governments around the world are increasingly adopting policies to
regulate some forms of sharing” [14]. Building upon a framework for urban climate governance
developed by Bulkeley and Kern [12], Zvolska et al. [14] suggested the different roles that cities assume
when governing urban sharing are: governing by regulation, governing by provision, governing by
enabling, and governing by consumption. We will come back to this next, when discussing our
analytical framework.

3. City Engagement in the Sharing Economy—An Analytical Framework

To be able to discuss city engagement in the sharing economy, we develop an analytical framework
that can help with this examination. The framework is inspired by Bulkeley and Kern [12] and
Zvolska et al. [14]. The extended typology includes five different modes of governing based on the
type of capacity cities can have or take in different settings:

• Self-governing or governing by example, which relies on the organisational capacity of the
municipality to manage its own operations;

• Governing by provision, which is related to the municipal role as provider of different goods
and services;

• Governing by authority, which concerns municipal ability to mandate a certain behaviour and
impose sanctions if such a mandate is not followed.
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• Governing by enabling, which refers to the municipality’s capacity to persuade and encourage
behaviour through the use of positive incentives such as subsidies, information campaigns,
and facilitation of different kinds of initiatives.

• Governing by partnership, which is characterised by an equal relationship between the municipality
and other actors. Cities are one among several actors in a project/partnership, and has no formal
steering power over the other members.

In Sweden, a different model has been used in the project “Malmö Innovation Arena” to discuss
what role the city could and should adopt in relation to innovations. In Malmö Innovation Arena,
focus has been placed on when and how much the city of Malmö should engage in innovation processes,
and when to stay out and give space for other actors to take the lead. The important parameters in this
model are related to three different groups of actors (the city, businesses and volunteer organisations)
as well as to who initiates, decides and implements various solutions. Table 1 presents a combination
of the frameworks and ideas suggested by Bulkeley et al., Zvolska et al., and Malmö Innovation Arena.

Table 1. Governing roles for cities in the sharing economy.

Governing by Provision
and Authority

Governing by
Partnership and

Enabling

Governing through
Volunteering

Initiator
Local

government/authorities
Local government

together with others

Citizens or
Non-governmental

organisations (NGOs)

Decision made by Local government Shared between involved
partners By the initiator

Activities run by Local government Local government and
partner By the initiator

The public sector has Steering role Cooperative role
Role when needed to

stimulate and facilitate
implementation

In a process characterised by governing by provision and authority, the city initiates the issue
at hand. The results can be defined from the beginning of a project, resources are calculated, and all
decisions are made within the city administration.

In governing by partnership and enabling, the issue is initiated and run collaboratively with
others. From the city’s point of view, the outcome is more open-ended, decision-making is done in
networks of public-private partnership and implementation in collaboration with all stakeholders.

In governing through volunteers, the results of a project are uncertain, and not easily predictable
by the city administration. The process lies in the hands of other actors and the role of the city is
mainly to support or facilitate these processes. Reasons for cities to engage in volunteer initiatives
include that the cities’ financial or social vitality is strengthened, the accessibility to public spaces is
increased, as well as the quality in the location in which the initiative is implemented. The initiative,
however, is never launched by the city, and always by private actors and/or civil society.

Below, this framework will be used to analyse how four Swedish cities have considered their
participation in the sharing economy.

4. Methods

The data collection was conducted as part of Sharing Cities Sweden (www.sharingcities.se),
which is an initiative that aims to “develop world-leading test-beds for the sharing economy in
Stockholm, Gothenburg, Malmö and Umeå”. Qualitative methods were used to gather research data,
including workshops, semi-structured interviews and participant observation.
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For each city, we started by collecting documents, articles and policy papers related to sharing.
We then conducted a workshop with representatives from all four cities in April 2019, and followed up
with more detailed interviews in September and November 2019.

The workshop was organised as part of the Lund Sustainability Week on 8 April 2019. The whole
event gathered over 80 participants from four Swedish cities—Malmö, Gothenburg, Stockholm and
Umeå—as well as academics and other stakeholders interested in Sharing Cities. In the morning,
different sharing projects were presented. In the afternoon, twenty participants were invited from
Umeå, Gothenburg, Stockholm, and Malmö cities for a closed workshop held partly in English
(moderation) and partly in Swedish (subgroup discussion). During the workshop, participants were
grouped city-wise, i.e., representatives from the same city were placed in the same group. Each group
was chaired by a researcher who also took notes from the discussions. Four main questions were
discussed:

1. the role of the city in the sharing economy
2. the city’s ambitions in the sharing economy
3. business models and future opportunities
4. the role of digitalisation in the sharing economy

We also conducted complementary interviews with representatives from the three cities, to follow
up on how they work with sharing initiatives (Gothenburg, Malmö and Umeå). The interviews were
semi-structured covering the following themes: Sharing projects, content; Engaged actors/organisations;
What does the engagement look like, mechanisms for engagement (facilitating and conducting
experimentation, taxes, regulations, procurement, partnerships, financing, etc.); Problems; Possibilities;
What do you envision the city’s role in the future; and Other.

Additionally, in Malmö, participatory observations have been done at 24 dialogue meetings in
their testbed Sege Park since June 2018. According to the city plans, there will be up to 900 dwellings in
Sege Park by 2025. The development process is supposed to be done using a sustainable approach with
a specific focus on creating a low-carbon district and innovative sharing solutions. The researchers
have participated in 24 dialogue meetings where property developers and city representatives met
to discuss how to develop the area and what solutions to invest in. During the meetings, field notes
were written, addressing the dialogues between participants. Fifteen interviews were also conducted
focusing on the collaborative process in Sege Park.

The interview questions in Sege Park were semi-structured and covered the following themes:
the interviewees’ professional background and current professional role, the collaborative planning
process and how it was (or was not) related to the work processes in Sege Park, experiences so far
with the process and descriptions of how the process and included issues discussed at the meeting
played out, interaction between the participants and finally, which parts had worked well and what
improvements could potentially be made. A summary of the methodological approach used for this
research is available in Figure 2 below.

 
Figure 2. Methods applied for this research.

We will now use examples of city engagements to discuss how the cities are governing the sharing
economy, as well as how they think about it.
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5. Results: Different City Roles in the Sharing Economy

Swedish cities have invested in various solutions to enable their citizens to move towards
sharing. Examples of how cities contribute through different governing modes have been discussed in
an earlier contribution [9]. In this study, we will analyse how cities regard their roles in the sharing
economy. The results are organised according to the three governing modes presented in the analytical
framework above.

5.1. Governing by Self-Government, Provision and Authority

Governing by self-government, provision and authority includes activities where the city manages
its own operations, provide goods or services or uses sanctions, for example, to mandate a behaviour.

During the workshop, all four cities mentioned that it was important that they adopt a role
as a regulator to be able to attain a quick transformation towards the sharing economy. By taking
an authoritative role, the city can “shape” the urban environment, as one of the representatives
expressed it. The cities used public procurement actively for this purpose. For example, car sharing
was procured by the cities as a way to contribute to a sharing economy as well as to environmental
sustainability with the assumption that it reduces the numbers of cars needed by the city.

During the workshop, city planning was emphasised as an important way for all the cities to
contribute to a sustainable and circular society. Not only car-free districts where mentioned, but also
the possibility of planning for mobility as a service (MAAS) by including transportation hubs in the
city planning process. Umeå thought that it was important for the city to also be engaged through
its authoritative function to be able to guarantee that sharing was something that all citizens could
take part of. Umeå had found it easier to establish private sharing solutions such as carpooling in
middle-class areas, compared to areas with socio-economic problems. Private carpooling companies
hesitated to park their cars in less wealthy areas, because of bad experience with demolished cars.
This experience was shared by Stockholm and Malmö. An important role for the city, which was
highlighted during the workshop, was to make sure that all citizens benefitted from sharing services.
Otherwise, the risk is that only citizens in favourable socio-economic situations would be able to take
part in the sharing economy. From this perspective, the city representatives thought that the city should
use authoritative means such as planning and public procurement to contribute to the development of
a local sharing economy.

As mentioned above, Sege Park in Malmö is a testbed for sharing solutions. Over 30 sharing
solutions have been up for discussion so far (field notes 28 February 2018). When it comes to the
governing process related to these sharing solutions, it is not so clear what governing approach the
city of Malmö has used. The process has been characterised by all three approaches (self-government,
collaborative and volunteers). We will address the collaborative and volunteer aspects further down.
In relation to governing by self-government, provision and authority, the city of Malmö has regulated
that sharing should be a main characteristic of Sege Park. This was an explicit requirement in the
land allocation process that property developers needed to take into consideration. In the city’s
sustainability strategy, it says that “Sege Park shall be a testbed for how sharing solutions can be used
in the city district area”. In the land allocation process, the property developers needed to show how
they planned for sharing services, such as having premises that could be used for sharing in buildings,
car and electric bike pools, outdoor barbecue “kitchens” to be shared, etc. The city used the zoning
plan to create a car-free neighbourhood, which also encouraged public transportation and car sharing.

However, the city has not always been prepared to support sharing solutions even if they had the
authority to do so. Sege Park in Malmö has a sustainability approach, and the property developers in
the area planned for installing PVs on the roof and on the ground, and for developing a micro grid
which would make it possible to share electricity among the different property developers. The city
of Malmö was not prepared to distribute space in the zooning plan for PVs in the green areas that
the city owned and controlled. Moreover, in relation to the micro grid, the city chose not to act.
For regulative reasons, it is not possible to have a micro grid where you transport electricity between
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different buildings if the buildings have different owners, as is the case in Sege Park. The city of Malmö
could, however, have asked the Swedish Government if Sege Park could be a testbed for trying this
out. However, they chose not to.

To conclude, the cities have applied governing by self-government, provision and authority to
enhance a sharing economy. There is, however, also one example of when they deliberately chose not
to use this governing mode, and thereby, hindered the implementation of different sharing solutions.

5.2. Governing by Partnership and Enabling

Governing by partnership and enabling is characterised by cooperation between the municipality
and other actors, as well as by the city using positive incentives to encourage a behaviour.

This was the mode that the four cities highlighted as the most prominent one for developing
a sharing economy. In general, the city was seen to have a key role in facilitating and enabling
various sharing initiatives. They emphasised their role as owners of certain sharing initiatives such as
“smartakartan.se” (the smart map), which is a digital map highlighting what kind of sharing solutions
are available in the city and where they are located.

All four cities also agreed that digitalisation was a critical enabling factor for sharing, through apps,
digital platforms, etc. The cities felt that they had an important role in developing those ICT tools, but
also that it required many man-hours for development and maintenance. This time-consuming work
was seen as difficult for a private actor to engage in, which more or less forced the cities to take a role
in the development process. Swedish cities also have a lot of data and statistics stored, such as travel
patterns and socio-economic data, which is relevant for many sharing services. The cities were willing
to share this type of data, as long as it did not violate any regulations.

In Sege Park, Malmö city emphasised the collaborative governing mode from the start of the
project and made clear that in order to fulfil the goal of Sege Park as a testbed for sharing, all actors
involved needed to contribute.

The city was prepared to facilitate sharing solutions through planning, organising workshop and
study visits, inviting experts and practitioners, and providing support with finding funding to try
out different sharing solutions. The building developers needed to decide what sharing activities
they wanted to invest in and how they would collaborate among themselves around different sharing
services. They had to fill out a questionnaire mentioning what kind of sharing services they had in
mind, how these would be organised and paid for, and if the services would be available for their
tenants only or for anyone.

This collaborative mode worked well for some property owners, while others chose not to
participate. The reason for not contributing was that the developers believed that they had been
allocated small land areas, which according to them made it impossible to be involved in the sharing
solutions discussed:

We do not have the possibility to work with sharing spaces because we have not so much land allocated
to us. Thus, so far we have not been able to contribute and we will continue to have less opportunities
to participate in sharing solutions. (Property developer 7)

As seen in the quotation above, although not the case, this property developer had interpreted
discussions in a way that suggested that all sharing solutions need space.

Other developers felt that too much time was spent on developing sharing solutions,
“without guidance or direction”. They lacked concrete examples on successful sharing solutions
and thought that sharing services came with risks that were too great.

Sharing has not been discussed in relation to existing sharing solutions in other areas. / . . . /We have
a list with sharing solutions, but we have not discussed how this will work in practice. (Property
developer 9)

The property developers lacked evaluations and wanted more knowledge about what the results
have been in other areas where sharing solutions have already been implemented.
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Several of the developers also questioned the idea that building developers and the city should
plan for future sharing services for residents without having any knowledge of future demand:

This is the difficult part with sharing. We cannot force the future residents to use them. And it is hard
to know what the future demand for sharing solutions will consist of. We can prepare for sharing,
but not decide what the future residents will do. (Property developer 2)

Another property developer said:

The sharing group becomes speculative. We spend time on things where we don’t know if this is the
right solution to work with. We don’t know which sharing solution will be the one asked for. (Property
developer 12)

These property developers thought that sharing services should be developed by the citizens in
relation to their demand, which also takes us to the next governing mode.

5.3. Governing through Volunteering

Governing through volunteering emphasises the role of NGOs and citizens, and that it is volunteers
who should take a lead in developing the sharing economy.

During the workshop with the cities, a perspective that was often put forward was the importance
of the sharing economy as led by the demands from the users. As described above, it was,
however, a critique in Sege Park that the citizens were not involved in the development of the
sharing economy. The potential result, highlighted by actors in Sege Park, could be that sharing
solutions were developed without any existing demand. Another problem could be that commercial
interests conquer the area, and leave no room for other actors. This was discussed in a debate article
recently published by one of Sweden’s biggest newspaper, Dagens Nyheter [33]. In the article, several
volunteer organisations came together and criticised Swedish municipalities for out-competing NGO
activities, including environmental, social and human rights work to promote social or political change.
They felt that when Swedish municipalities start to run repair workshops together with café services,
they outcompete “the social and local economy”, referring to the volunteer sector and NGOs.

A challenge raised multiple times by the cities during the workshop was related to finding
sustained financial resources for initiatives with volunteer engagement. Sharing experiments that were
done with volunteers were considered short-time engagements. At the same time, there were several
examples of successful sharing services where the civil society had a leading role, for example a toy
library in Gothenburg and clothing exchange days in Malmö. These projects favour social inclusion as
well as sustainability, according to the cities.

Gothenburg emphasised that they wanted the “local society” to provide social services. They saw
the role of the city as mainly supportive, and Gothenburg was the city that reflected most upon
governing through volunteer mode during the workshop. They believed that the role of the city was to
provide a kind of ‘payback’ for social services, which would give more security to private initiatives.

6. Conclusions

The aim with this article was to increase the understanding of the different roles a city might
take in governing the sharing economy. The idea was not to evaluate or assess how the cities have
performed, but to identify and reflect upon different governing modes used by local governments.

The four Swedish cities that were analysed relate to all three governing modes that were defined:
governing by provision and authority; governing by partnership and enabling; and governing through
volunteering. However, in reality, examples characterised by authority and partnership modes of
governance dominated the discussions. One possible explanation for this is that a high involvement
of the cities is needed initially, to transform the economy to a sharing economy. A strong actor,
such as a city, might be needed to lead this process, in particular when private companies compete for
space and market share. Indeed, the proliferation of scooters and bike sharing schemes within city
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boundaries pursued by private companies indicates that intervention and more of an authority and
partnership role adopted by the cities would be desirable. May et al. [15] highlight ‘trust’ as a critical
lever for making the sharing economy work. Swedish cities as public actors are usually seen as highly
trustworthy and have been important trust creators for many experimental projects, such as in the
sharing test beds in the four cities [9].

Having strong cities leading the transformation towards a sharing economy also comes with
certain problems. When cities take the lead in the sharing economy, there is a risk that they out-compete
the volunteer sector. It was expressed during interviews and in the workshop that when governing
through volunteering, cities usually initiate the sharing solution and then hand over to an NGO
or an individual to take care of the day-to-day activities. The cities’ experience it to be difficult
to sustain sharing activities where volunteers play a major role. An explanation for this lack of
perseverance could be that the cities initiated solutions that did not attract enough interest from the
public, contributing to the engagement quickly fading out. The role of volunteers and how it relates to
the role of cities needs further investigation in the future to understand why volunteers have difficulty
in maintaining engagement.

Another problem raised by the property developers in the testbed Sege Park in Malmö was that
there may be a mismatch between the sharing services cities offer and the services citizens want.
The risk is that the city ends up with many sharing solutions that no one is using. An increased
involvement of volunteers could here be a way to close such a potential gap. The strength of the
volunteer sector lies in its proximity to citizens as well as in their localised understanding of existing
needs. This knowledge might disappear if cities start to dominate the process.

Cities can also resist sharing solutions, like Malmö did when opposing shared PV parks in Sege
Park. Cities as barriers for the development of a sharing economy is another perspective that requires
further research.

In conclusion, all governing modes are needed in the development of a sustainable sharing
economy. For cities, however, it is important to reflect upon what the implications are of different
governing modes.
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Abstract: To present great environmental pressure from energy consumption during textile production,
this paper calculates the energy footprint (EFP) of Shaoxing’s textile industry, from 2005 to
2018. Moreover, this study analyzes the relationship between Shaoxing’s textile industry energy
consumption and economic development by using decoupling theory. Furthermore, the Logarithmic
Mean Divisia Index decomposition method was employed to investigate the main factors that affect
the EFP of Shaoxing’s textile industry. Research results show the following: (1) The growth rate of the
total output value of Shaoxing’s textile industry was greater than the growth rate of the EFP, from
2005 to 2007. Thus, the decoupling state showed a weak decoupling, and EFP intensity decreased. (2)
The EFP and economic growth were mainly based on the strong decoupling of Shaoxing’s textile
industry from 2008 to 2015 (except for 2011), and EFP intensity declined further. (3) Economic
recession in the textile industry was severe in Shaoxing, from 2016 to 2018, and the EFP also showed
a downward trend. The state of decoupling appeared as a recessive decoupling (2016) and a weak
negative decoupling (2017 and 2018), and EFP intensity first increased and then decreased. (4) The
total effect of the factors affecting the EFP of the textile industry in Shaoxing demonstrated a pulling
trend, and industrial scale played a significant role in driving the EFP. The energy consumption
intensity effect contributed the largest restraint. This paper fills in the gaps in the environmental
regulation means and methods of pillar industrial clusters in specific regions.

Keywords: textile industry; energy footprint; decoupling; logarithmic mean Divisia index; Shaoxing

1. Introduction

The relationship between economic growth and environmental pressure has been vividly
discussed [1–3]. Excessive greenhouse gas emissions have caused serious environmental problems,
such as global warming, melting glaciers and rising sea levels. Excessive energy consumption is the
cause of such problems. Approximately 63% of the gaseous radiative force that contributes to climate
change is carbon [4]. To reduce energy consumption in the textile industry in China, the industry
must explore energy-saving technologies and energy-efficient assessment methods [5–7]. China is
the world’s largest textile product manufacturer and exporter. The textile industry is a traditional
pillar industry in China, an important civilian production industry and an industry that creates new
international advantages [8–10]. China’s cotton textile spindles account for half the world’s total,
while China’s textile trade volume accounts for one third of the world’s total [8]. However, it is a
high-energy, high-emissions and high-pollution industry and one of the largest sources of greenhouse
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gas emissions [11,12]. The energy consumed by the textile industry is approximately 4.3% of China’s
total energy consumption in the manufacturing industries [13]. This makes the textile industry one
of the biggest pollution emitters in China. China’s Textile Industry 13th (2016–2020) Five-Year Plan
highlights low-carbon development as a major strategy for economic and social development, and it is
also an important way to construct an ecological civilization [14].

Shaoxing is the largest textile printing and dyeing base in the world, and its output in printing
and dyeing cloths ranks first in China. Shaoxing built the China International Textile City, which is
the world’s largest printing and dyeing cloth trading center. In 2018, the printed fabrics output of
printing and dyeing enterprises above a designated size was 16.4 billion meters in Shaoxing, thereby
accounting for 56.71% of the total output of printed fabrics in Zhejiang Province and approximately
one-third of the total output of printed fabrics in China [15]. The total industrial output value (TIOV)
of textile enterprises above a designated size is USD 22.05 billion, accounting for 29.13% of Shaoxing’s
industrial output value [15]. The textile industry has made important contributions to the economic
and social development of Shaoxing. However, the energy consumption of Shaoxing’s textile industry
in 2018 was 6.16 million tons of standard coal, thereby accounting for 36.91% of the city’s industrial
energy consumption [15]. The energy consumption ratio was greater than the actual output value ratio,
and the unit energy output value was lower than the city’s industrial average. The textile industry
is a pillar industry and a typical high-pollution industry in Shaoxing. Implementing an economic
energy-saving and consumption reduction model is an inevitable trend and a strategic choice in the
economic development of Shaoxing’s textile industry. Studying the changing rules and influencing
factors of the energy footprint (EFP) of the textile industry in Shaoxing can determine the effects,
experiences and deficiencies of the transformation and upgrade of typical industries and environmental
regulations in different regions. Moreover, such an investigation can provide feasible countermeasures
and suggestions for the high-quality development of the textile industry.

Wackernagel et al. [16] defined EFP as the forest area needed to absorb CO2 generated by the
burning of fossil energy, buffer nuclear radiation and build hydropower dams. Palamutcu [17] believed
that EFP is one way to measure energy consumption. The EFP indicator, which links the production
and consumption activities of the global economy with energy consumption, plays an important role
in the study of sustainable development approaches [18]. EFP, as an indicator of energy production
and consumption, can effectively characterize the direct and indirect energy sources required to supply
end-consumer goods or services. In addition, it can provide quantitative and decision-making bases
for policymakers to improve energy efficiency and optimize energy structure. Numerous scholars
have studied issues related to EFP. Chen et al. [19] indicated that using the EFP index to quantify
energy consumption can provide an important basis for measuring energy sustainability. Ozturk [20]
estimated the energy consumption and energy costs of the Turkish textile sector and analyzed the
relationship between energy use and textile product production. Hong et al. [21] studied the energy
conservation status of the textile industry in Taiwan and China and provided a benchmark for measuring
energy efficiency. Meanwhile, Guo et al. [22] used EFP to examine the embodied and direct energy
links between global and Chinese construction industries. Previous research has also used different
methods to estimate EFP based on global [23,24], national [25,26], local [27,28], industrial [29,30] and
product [31,32] perspectives. Methods used include ecological footprint analysis [33], input-output
analysis [34] and lifecycle assessment [35]. Studies have also measured EFP in national and global
hectares, as well as in energy/functional units [36,37].

To explore the pressure of the textile industry’s energy consumption reduction on the environment,
this study analyzes the relationship between the energy consumption and economic growth of the
Shaoxing’s textile industry, based on its energy consumption data and economic development from
2005 to 2018. This study also determines the main factors affecting the relationship and provides
relevant suggestions for energy-saving and emissions-reduction paths and measures the sustainable
development of the Shaoxing region and textile industry. This paper fills in the gaps in the environmental
regulation means and methods of pillar industrial clusters in specific regions.
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2. Methods and Data Sources

2.1. EFP

EFP is an important method for measuring energy consumption. In this study, we measured EFP
in units of energy and followed the definition of demand for nonrenewable energy resources. The EFP
of the textile industry can be expressed as follows:

EFP =
∑

Ej fj, (1)

In Equation (1), EFP is the EFP; Ej represents the consumption amount of energy j; and f j is
conversion factor from physical units to coal equivalent of energy j.

EFP intensity (EFPI) is an indicator that measures changes in energy efficiency, which is expressed
as follows:

EFPI =
EFP

TIOV
, (2)

In Equation (2), EFPI is the EFPI, and TIOV is the TIOV of textile enterprises above a designated
size (billion USD).

2.2. Tapio Decoupling Indicator

Elastic analysis mainly uses elasticity to measure the degree of decoupling. Tapio improved and
refined the decoupling model [38]. Decoupling is a term that refers to the status when the relationship
between energy consumption and economic growth begins to break up [39]. Decoupling can be
further divided into two/three/six/eight subcategories [38], and all were used in earlier studies [9,40–42].
Compared with other methods, the 8-min state classification method is more detailed and helpful
for the analysis of the study. The present study analyzed the decoupling of Shaoxing’s economic
development and energy consumption from 2005 to 2018, based on the Tapio decoupling model, and
the results were expressed by decoupling elasticity. In this regard, the decoupling function can be
expressed as Equation (3):

E =
%ΔEFP

%ΔTIOV
, (3)

In Equation (3), E is the decoupling elasticity index of the TIOV. Moreover, %ΔEFP is the EFP
change rate in the textile industry, and %ΔTIOV is the TIOV change rate in the textile industry. Owing
to the different values of %ΔEFP, %ΔTIOV and E, decoupling states can be divided into eight categories,
based on Tapio’s elastic division. According to the order of the ideal degree of decoupling from large to
small, the categories are strong, weak, recessive decoupling, expansive, recessive coupling, expansive
negative, weak negative and strong negative decoupling. Strong decoupling is the most ideal state,
whereas strong negative decoupling is the least ideal state. The decoupling state was determined
according to the decoupling elasticity index E, and the specific division method can be seen in Table 1.

Table 1. Tapio decoupling model division method.

Decoupling State %ΔEFP %ΔTIOV E

Strong decoupling − + (−∞, 0)
Weak decoupling + + (0, 0.8)

Recessive decoupling − − (1.2, +∞)
Expansive coupling + + (0.8, 1.2)
Recessive coupling − − (0.8, 1.2)

Expansive negative decoupling + + (1.2, +∞)
Weak negative decoupling − − (0, 0.8)
Strong negative decoupling + − (−∞, 0)
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2.3. Logarithmic Mean Divisia Index (LMDI) Decomposition Model

The LMDI decomposition method was proposed by Ang et al. [43]. It can give a reasonable factor
decomposition and has the advantage of the absence of residual and full decomposition, thereby making
a model appear convincing. The LMDI factor decomposition method is mainly used to analyze the
influencing factors of the total amount of economic and social indicators, such as energy consumption
and pollutant emissions. In addition, it is used to determine the contribution of different influencing
factors to changes in the total amount of indicators. In recent years, the LMDI has been widely applied,
as well as continuously developed and optimized [9,44]. In the present study, LMDI was used to
decompose the EFP of Shaoxing’s textile industry. The specific formula of the decomposition model is
shown in Equation (4), and the meanings of the variables are shown in Table 2.

EFP =
∑

Eij =
∑

TIOV
TIOVi
TIOV

Ei
TIOVi

Eij

Ei
= TIOV·Ii·Ti·Sij, (4)

ΔEFP = EFPt − EFP0 =
∑

TIOVtIt
i T

t
i S

t
i j −
∑

TIOV0I0
i T0

i St
i j

= ΔEFPTIOV + ΔEFPI + ΔEFPT + ΔEFPS,
(5)

where EFPt is the EFP of Shaoxing’s textile industry in year t, and EFP0 is the EFP of Shaoxing’s textile
industry in base year 0. The EFP expression formula for changes in the EFP of Shaoxing’s textile
industry yearly, according to an additional LMDI decomposition model, is shown in Equation (5).

Table 2. Meanings of the decomposition analysis model variables.

Variable Meaning Variable Meaning

Eij
the consumption amount of
energy j in the subsector i Ii

TIOV proportion of subsector i in textile
industry, i.e., the industry structure factor

TIOVi the TIOV of subsector i Ti The energy intensity of subsector i

Ei

the total energy
consumption in the

subsector i
Sij

The ratio of energy j consumption in
subsector i to total energy consumption in
the industry, i.e., the energy structure factor

In Formula (5), ΔEFPTIOV represents the scale effect of the textile industry, ΔEFPI is the industrial
structure effect, ΔEFPT denotes the energy consumption intensity effect and ΔEFPS is the energy
structure effect. The contribution values of each factor to the EFP changes of the textile industry are
ΔEFPTIOV, ΔEFPI, ΔEFPT and ΔEFPS. The expressions of the contribution of each decomposition
factor are as follows:

ΔEFPTIOV =
∑ Et

ij − E0
i j

lnEt
i j − lnE0

i j

ln
TIOVt

TIOV0 (6)

ΔEFPI =
∑ Et

ij − E0
i j

lnEt
i j − lnE0

i j

ln
It
i

I0
i

(7)

ΔEFPT =
∑ Et

ij − E0
i j

lnEt
i j − lnE0

i j

ln
Tt

i

T0
i

(8)

ΔEFPS =
∑ Et

ij − E0
i j

lnEt
i j − lnE0

i j

ln
St

i j

S0
i j

(9)

2.4. Data Sources and Processing

China’s textile industry is classified under three subsectors: manufacturers of textiles (MT);
manufacturers of textile apparel, footwear and caps (MTAFC); and manufacturers of chemical fibers
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(MCF). The TIOV and energy consumption data of enterprises above a designated size in Shaoxing’s
textile industry and subindustries were derived from the 2006–2019 Shaoxing statistical yearbook.
The f j data were obtained from the 2018 China energy statistical yearbook. Owing to inflation and
other factors that influence constantly changing prices in economic development, the gross product of
Shaoxing’s textile industry was compared with its energy consumption, which was calculated by the
TIOV comparable price, and 2005 was used as the base period. Nomenclature comparison table is
in Appendix A.

3. Results and Discussion

3.1. Descriptive Analysis and Discussion

Figure 1 shows the EFP change trends and TIOV of Shaoxing’s textile industry and subsectors
from 2005 to 2018. In addition, Figure 1 shows that, from 2005 to 2018, Shaoxing’s EFP demonstrated a
rising and then a declining trend, which can be divided into two stages, namely the rising stage and
the declining stage. The rising period was from 2005 to 2007, with an average annual growth of 4.4%.
In 2007, the EFP reached the highest value of 2.11 Mt, whereas 2008–2018 was the declining period,
with an average annual decline of 7.19%. In 2018, the lowest EFP was 0.45 Mt. In Figure 1, the TIOV
change trends of the textile industry are also divided into two stages, namely the rising stage and the
falling stage. The rising stage was from 2005 to 2015, with an average annual growth rate of 9.1%.
The maximum TIOV was USD 46.97 billion in 2015. During the declining period, the annual average
decline rate was 19.2% (2016–2018), in which the lowest TIOV was USD 22.01 billion in 2018.

Figure 1. EFP of Shaoxing’s textile industry and the subsectors and TIOV of Shaoxing’s textile industry
during 2005–2018.

The EFPI of Shaoxing’s textile industry and subsectors from 2005 to 2018 is shown in Figure 2. In
the sample period, the total EFPI of the textile industry showed a downward trend. The EFPI of the
MT and MTAFC subindustries demonstrated a downward trend. Specifically, the downward trend of
the MT subindustry was significant, with a decrease rate of 82.65% (2005–2016). The EFPI of the MT
subindustry decreased from 0.114 (2005) to 0.020 (2016), whereas the EFPI of the MTAFC subindustry
experienced a relatively small decline, from 0.00121 (2005) to 0.00022 (2018). In the MCF subindustry,
EFPI first slowly declined to 0.00603 (2005–2010) and then rose to 0.01055 (2011–2018).
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Figure 2. EFPI of Shaoxing’s textile industry and the subsectors during 2005–2018.

The decoupling state between the TIOV and EFP of Shaoxing is shown in Table 3. For 13 years,
from 2006 to 2018, the overall decoupling state was satisfactory. During the steady rise of the TIOV, the
EFP showed a downward trend. In 10 years, from 2006 to 2015, three years of weak decoupling (2006,
2007 and 2011) was followed by seven years of strong decoupling (2008–2010 and 2012–2015). The
2016 decoupling index was 4.39, thereby indicating a recessive decoupling. In 2017 and 2018, the TIOV
declined, with decline rates of 27% and 26%, respectively. Thus, the decoupling state for both years
was a weak negative decoupling.

Table 3. Decoupling state between TIOV and EFP of Shaoxing.

Year %ΔEFP %ΔTIOV E Decoupling State

2006 0.08 0.17 0.45 Weak decoupling
2007 0.01 0.26 0.02 Weak decoupling
2008 −0.25 0.16 −1.55 Strong decoupling
2009 −0.03 0.03 −0.95 Strong decoupling
2010 −0.01 0.20 −0.03 Strong decoupling
2011 0.02 0.17 0.09 Weak decoupling
2012 −0.02 0.12 −0.15 Strong decoupling
2013 −0.02 0.08 −0.23 Strong decoupling
2014 −0.07 0.02 −3.55 Strong decoupling
2015 0.005 0.04 0.12 Strong decoupling
2016 −0.33 −0.08 4.39 Recessive decoupling
2017 −0.02 −0.27 0.07 Weak negative decoupling
2018 −0.04 −0.26 0.14 Weak negative decoupling

The EFP decline in Shaoxing and the increase in energy-use intensity are inseparable from the
intensity of environmental protection in China and Shaoxing. The sample period can be divided into
three periods, according to Figures 1 and 2 and Table 3.

The first period (2005–2007): In the years after China’s accession to the World Trade Organization
in 2001, Shaoxing mainly focused on the rapid development of the textile industry. Shaoxing, as a
globally important textile printing and dyeing product production base, was driven by international
and Chinese domestic demands. As a result of the increase in production, international trade in textile
products was prosperous and TIOV increased. However, the production and supply of products
consumed considerable energy, thereby leading to serious environmental pollution problems. The

46



Energies 2020, 13, 1683

amount of energy consumed per output value unit (EFPI) decreased, which meant that the increase in
the TIOV was greater than the increase in the EFP, and energy efficiency improved. Therefore, the
decoupling state at this period was a weak decoupling. Thus, the coupling relationship between energy
consumption and economic growth was not completely broken.

The second period (2008–2015): After energy consumption caused environmental pollution, China
vigorously promoted the construction of an ecological civilization. Furthermore, various parties in
society adopted numerous options and measures, including implementing environmental regulations,
adopting market-based trading methods and conducting technological innovations. Entrepreneurs’
self-environmental and public environmental awareness also improved. Firstly, environmental
regulations were created during the period, specifically, in the textile industry of Zhejiang Province
and Shaoxing Municipality, including laws, regulations [45,46], notices, industry standards and
pollution permits. Secondly, market-oriented means were developed through the implementation
of emissions trading systems, pollution fees and emissions taxes. Such measures could effectively
control energy consumption and total emissions to reduce pollution emissions. Thirdly, regarding
the technological innovation of textile enterprises, pressure on environmental protection forced the
technological transformation of enterprises. At the same time, the government provided subsidies for
technological transformation, thereby effectively improving the technological efficiency of the textile
industry. Fourthly, entrepreneurs’ awareness of environmental protection and social responsibility
was enhanced, investment in environmental protection increased and the ‘changing coal into natural
gas’ [47] cooperation was consciously implemented to reduce carbon emissions; the natural gas is
a secondary energy source. Such factors led to the strong decoupling of energy consumption from
economic growth during this period. Whilst TIOV increased, energy consumption decreased, and
EFPI decreased further.

The third period (2016–2018): In January 2016, Shaoxing implemented ‘Challenging by Showing
Sword’ to promote the upgrade of the textile printing and dyeing industry. ‘Challenging by Showing
Sword’ referred to the centralized rectification of textile printing and dyeing enterprises that generated
large amounts of pollution and had hidden safety hazards and chaotic management. Specifically,
this operation involved the rectification of several textile printing and dyeing enterprises with low
production capacities, small scales and unregulated pollution discharges. Enterprises affected the
image, product quality and price order of the textile printing and dyeing industry in Shaoxing and
restricted the overall improvement and development of the printing and dyeing industry to a certain
extent. During this operation, the production of an initial batch of 74 textile printing and dyeing
companies was suspended, owing to rectification, including 10 in the Paojiang Industrial Park and
64 in the Keqiao Industrial Park. EFPI showed an increasing and then decreasing trend. Energy
consumption and environmental pollution problems were effectively controlled during this second
period, but a hysteresis effect was generated, thereby creating a situation in which the TIOV no longer
increased but declined sharply. Therefore, the states of decoupling during this period did not seem
ideal, that is, a recessive decoupling, a weak negative decoupling and a weak negative decoupling.
The reason for the less-than-ideal situations was that, after enterprises dispersed from the relocation
to the Shaoxing Binhai Industrial Park, several enterprises with low-end production capacities were
shut down, especially those with poor product quality, large energy consumption, large chemical
consumption and weak production capacities. In the industrial agglomeration zone, textile printing
and dyeing enterprises uniformly managed and discharged sewage and implemented strict emissions
standards. Thus, enterprises considerably improved in terms of management, innovation, equipment,
technology, environment, entrepreneurship and labor quality. The core competitiveness and industry
voice of textile printing and dyeing enterprises in Shaoxing were also strengthened.

3.2. LMDI Decomposition Analysis and Discussion

The EFP of Shaoxing’s textile industry in 2006 and 2018 was decomposed by the LMDI factor
decomposition method. The factor decomposition trend is shown in Figure 3. The four main factors
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included the industrial scale effect, the industrial structure effect, the energy consumption intensity
effect and the energy structure effect. In addition, total effect was calculated. From 2006 to 2018, the
total EFP effect of the textile industry showed a pulling trend. However, the pulling range dropped in
waves, with a maximum pulling effect of 1.57 Mt (2007) and a minimum of 0.12 Mt (2018). Among the
four factors, the cumulative effect of the industrial scale was a positive factor, which exerted the largest
pulling effect on the EFP. The cumulative pulling effect was 37.61 Mt during the sample period, which
was higher than the total inhibitory effect of the other three factors (i.e., 25.60 Mt). Thus, the total effect
was positive. From 2006 to 2015, the scale effect of the industry increased and then decreased sharply
in the next three years, thereby creating an inverted ‘U’ shape, with a peak value of 4.50 Mt (2015). The
energy consumption intensity effect provided the maximum inhibitory effect, thereby offsetting the
industrial scale pull effect, with a total offset of 20.80 Mt. The effect of energy consumption intensity
decreased from 2006 to 2014 then increased yearly, thereby pulling EFP growth in 2006 and 2018 and
creating a ‘U’ shape, with a lowest point of −3.05 Mt (2014). The effect of industrial structure and
energy structure on EFP was small, with a cumulative inhibition of 4.80 Mt. After 2011, the energy
structure effect increased, showed a pull effect from 2011 to 2014 and then declined after 2014, thereby
demonstrating an inhibition effect. The industrial structure effects were inhibitory effects during the
sample period (except for 2009), and the inhibitory effect was enhanced after 2011, with a cumulative
inhibition of 2.95 Mt.

Δ Δ
Δ Δ

Figure 3. EFP effect decomposition of Shaoxing’s textile industry during 2006–2018.

From the perspective of the influencing factors of the relationship between EFP and economic
growth, the cumulative effect of industrial scale factors had the largest pulling effect on EFP. The MT
sector made up the largest proportion of the textile subsectors of Shaoxing. Compared with the other
two subsectors, the MT sector is a typical high energy-consuming sector and the most energy-consuming
and polluting sector in the printing and dyeing industry. A large EFP is generated during dyeing,
printing and finishing processes. Printing and dyeing subsectors have a large base and high energy
consumption in the MT sector, and the potential for energy conservation, consumption reduction and
emissions reduction is relatively small. In this investigation, we found that most of the printing and
dyeing enterprises in Shaoxing were mainly based on sample processing. Moreover, most followed
imitations in terms of process technology, variety development and management, with few independent
brands and poor R&D and innovation capabilities. The online parameter detection and online control
technology of dyeing and finishing equipment, as well as the development and manufacturing
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accuracy of new equipment and supporting parts, energy saving and environmental protection, lag
behind advanced global levels. Therefore, optimizing the printing and dyeing process and improving
industrial efficiency are urgent for the Shaoxing’s textile industry to achieve high-quality development.

The energy structure effect is a crucial factor that restrains the growth of energy consumption.
Figure 4 shows the energy structure of the textile industry in Shaoxing from 2005 to 2018. Figure 4
indicates that raw coal, heat and electricity are the main sources of energy consumption in Shaoxing’s
textile industry. With the Shaoxing government’s introduction of the ‘changing coal into natural gas’
policy and textile enterprises’ updating of advanced technology and equipment, the use of electricity
and heat increased significantly from 2005 to 2018, and the growth rate of heat was greater than that of
electricity. Raw coal that produced a considerable amount of pollution decreased significantly during
the sample period. Natural gas is the cleanest fossil fuel, with relatively low carbon intensity than
coal in most end uses [48,49]. Heat produced by natural gas is a clean energy source that create CO2

emissions less than raw coal in Shaoxing’s textile industry [49]. In general, clean energy accounted
for an increasing proportion of the energy structure of the Shaoxing’s textile industry. Furthermore,
the consumption of electricity and heat continued to cause EFP consumption indirectly. Therefore,
Shaoxing should further optimize energy structure and gradually increase the proportion of clean
energy. Such optimization includes increasing the proportion of secondary energy converted from
clean energy, which in turn will increase the significance of the energy conservation and environmental
protection effect.

Figure 4. The energy structure of Shaoxing’s textile industry during 2005–2018.

4. Conclusions

Energy consumption is a significant factor that affects the sustainable development of Shaoxing’s
textile industry. A detailed analysis of energy consumption in Shaoxing’s textile industry can provide
essential information for the establishment of energy policies. This study calculates the EFP of the
textile industry in Shaoxing, from 2005 to 2018, and analyzes the relationship between the energy
consumption and economic growth in the textile industry, as well as the four factors affecting the EFP.
This study presents the following results:

(1) From 2005 to 2018, the EFP of Shaoxing first increased then decreased, with an average
annual growth rate of 4.4% during the growth period (2005–2007) and an average annual decline of
7.19% during the decline period (2008–2018). The EFPI decline trend of the textile industry and MT
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subsector was roughly the same, with the decline trend of the MT subsector as the largest among the
three subsectors. However, the change trends of the MTAFC and MCF subsectors were not obvious.
Shaoxing’s textile enterprises should accelerate the development and production of ecological and
functional textiles and promote environmentally friendly, energy-saving and clean production printing
and dyeing technologies. Innovation funds should be set up by Shaoxing’s government and social
investors, to alleviate pressure in the capital of small- and medium-sized enterprises

(2) For 13 years, from 2006 to 2018, the overall decoupling state was satisfactory. In the 10 years
from 2006 to 2015, three years of weak decoupling and was followed by seven years of strong
decoupling. In 2016, the state was a recessive decoupling. In 2017 and 2018, TIOV declined, and
both years showed a weak negative decoupling. Energy consumption restriction policies and the
popularization of energy-saving technologies promote the decoupling of energy consumption from
economic growth, diminishing the gap between promoting factors and inhibiting factors. Shaoxing’s
government should eliminate obsolete process equipment and shut down/close printing and dying
enterprises that consume considerable amounts of energy and generate high pollution, as well as
wastewater treatment facilities that cannot meet requirements.

(3) The total energy footprint effect of the textile industry showed a pulling trend from 2006 to 2018
but dropped in waves. The cumulative effect of the industrial scale was a positive factor, which played a
significant role in driving the EFP. Technological innovation and cutting-edge technology applications in
the textile industry of Shaoxing are necessary in order to to reduce the energy consumption. These will
also improve the industrial productivity. The cumulative effects of the other three factors were negative,
and the sum of the inhibitory effect was smaller than that of the industrial scale effect, among which
the effect of energy consumption intensity contributed the largest inhibitory effect. Environmental
policies and laws should be strengthened to reduce the proportion of the energy intensive sector and
promote high value-added textile products manufacturing with less energy intensity.

Both TIOV and EFP had been rapidly decreasing for Shaoxing’s textile industry after 2015.
Consequently, structural unemployment appeared, so many skilled textile workers were laid off.
Supply and demand of textile products may be unbalanced in the future. Such problems should be
further discussed in the future studies.
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Appendix A

Table A1. Nomenclature comparison table.

Abbreviation Detailed Name

EFP Energy footprint
EFPI Energy footprint intensity
TIOV Total industrial output value
LMDI Logarithmic mean Divisia index

MT Manufacturer of textiles
MTAFC Manufacturer of textile apparel, footwear and caps

MCF Manufacturer of chemical fibers
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Abstract: The circular economy (CE), and its focus on the cycling and regeneration of resources,
necessitates both a reconfiguration of existing infrastructures and the creation of new infrastructures to
facilitate these flows. In urban settings, CE is being realized at multiple levels, from within individual
organizations to across peri-urban landscapes. While most attention in CE research and practice
focuses on organizations, the scale and impact of many such efforts are limited because they fail to
account for the diversity of resources, needs, and power structures across cities, consequently missing
opportunities for adopting a more effective and inclusive CE. Reconfiguring hard infrastructures is
necessary for material resource cycling, but intervening in soft infrastructures is also needed to enable
more inclusive decision-making processes to activate these flows. Utilizing participatory action
research methods at the intersection of industrial ecology and design, we developed a new framework
and a model for considering and allocating the variety of resources that organizations utilize when
creating value for themselves, society, and the planet. We use design prototyping methods to
synthesize distributed knowledge and co-create hard and soft infrastructures in a multi-level case
study focused on urban food producers and farmers markets from the City of Chicago. We discuss
generalized lessons for “infrastructuring” the circular economy to bridge niche-level successes with
larger system-level changes in cities.

Keywords: circular economy; design; industrial ecology; infrastructure; participatory action research;
socio-ecological-technical systems

1. Introduction

The circular economy (CE) has captured the imagination of civil society and corporate actors
as a framework for realizing the elusive goals of sustainability [1]. It has presented a tangible way
to contribute to the sustainability of resource flows and allocation in contemporary production and
consumption systems, by focusing on improving the effectiveness of current management practices in
organizations through extending the useful life of products, and sharing, recycling, and regenerating
resources [2].

Cities face urgent needs to expand and advance CE adoption and sustainability-oriented practices
due to growing concerns over climate change, environmental pollution, and the inequitable distribution
and allocation of resources in the linear (take-make-waste) economy [3,4]. They present unique
opportunities for CE interventions as they are territories where human populations are concentrated,
and where multiple natural (ecological) and man-made (social and technical) systems intersect, diverse
human and non-human agents interact, and different types of resources are created, transformed,
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circulated, used, and wasted [5]. Cities are complex socio-ecological-technical systems (SETS) with
nested subsystems such as neighborhoods, organizations, and infrastructure networks, and are
themselves part of larger SETS such as states and nations.

In cities, social, ecological, and technical systems are deeply intertwined since the parts of one
subsystem belong to and dynamically affect the others. Urban infrastructures are key elements that
integrate these systems and are thus responsible for the interconnectivity and interdependency of
resource flows and allocation across their levels; for example, policy and strategies at the macro-level,
organizations and operations at the meso-level, and patterns of daily life and related tactics at the
micro-level [6].

1.1. Urban Infrastructures

Modern urban infrastructures have become local nodes of global operations, and the means
through which individuals and organizations can (or cannot) access and mobilize resources that
traverse local, regional, and global sub-systems. When modern urban infrastructures were built,
they did not anticipate the multitude of resources that would flow through them, the speed at which
these flows would travel, and the complex inter-linked ramifications they would promote across
social, ecological, and technical subsystems. Most of them were predicated on the goals of economic
growth and progress, designed through the technical lenses of health and safety, and informed by
principles of functionality and efficiency [7]. Yet, they failed to account for the negative and positive
feedback created as resources were mobilized at faster rates than could be assimilated within urban
and larger-scale ecosystems across the globe [8,9]. Intervening towards sustainability through the
narrow focus of circular flows of resources among organizations ignores the many other flows that
these organizations are trafficking (e.g., political agendas, cultural preferences), which have an equal
or greater impact on how well-being is experienced locally [10].

Urban food distribution infrastructure in the United States (US), for example, was designed to
aggregate commodities produced on large-scale, industrial farms, and distribute them to populations
across the nation [11]. While these infrastructures enabled economies of scale and reduced the prices
paid by consumers, they supported the generation of significant amounts of waste and accelerated
environmental degradation along the entire value chain at an unprecedented speed. They also
privileged economic growth and profitability of large producers over the development of local
economies [11–14]. Thus, small producers, particularly ethnic minority-owned businesses in urban
and peri-urban areas in the US, face challenges with access to capital and formally entering the food
supply chain [12]. Environmental challenges promoted by the use of modern infrastructures include
high energy and water use during production, large carbon footprints in transportation, and large
volumes of waste throughout its stages [14,15]. Equally challenging are aspects related to social and
economic dimensions because low income and ethnic minority populations often face disproportionate
health burdens as they lack access to healthy, nutritious food, due to low availability and affordability
of such food in their neighborhoods [16,17]. The food distribution infrastructure is representative of
how modern infrastructures became the pathways for the circulation of many types of resources (e.g.,
money, knowledge, power, etc.) that were disconnected from the dynamic needs and interactions
of local populations. This food production and distribution scenario reflects the complex challenges
found in many urban SETS, in which multiple subsystems and variables interact, producing both
desirable and undesirable emergent outcomes and feedback among the system components that can
become entrenched and difficult to disrupt and change [18].

Modern infrastructures were conceptualized and built to last decades, if not centuries. They
consolidated and perpetuated unsustainable and inequitable patterns of flows of resources within
and across technical systems, directly influencing the well-being of people, organizations, and the
natural environment (e.g., public safety policies, mobility systems, remediation processes, etc.). Over
time, knowledge about how to intervene in infrastructures evolved with a distinction between two
dimensions. Hard infrastructures relate to tangible and material aspects. It usually results from
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engineering and natural science design efforts and includes mostly technological elements, such as
products and their mechanisms of operation. Soft infrastructures relate to institutions, intangible
aspects, and social behavior. They are centered on the exploration of human interactions, services,
and networks, and therefore, consider multiple perspectives towards unfolding new dynamics in
systems [19,20].

The discussion between hard and soft dimensions reflects the paradoxical and unruly nature
of infrastructures. According to Larkin, “the duality of infrastructures indicates that when they
operate systemically they cannot be theorized in terms of the object alone” [21] (p. 329). On the one
hand, they symbolically represent the idea of the commons, and the possibility of access to resources
and assets that facilitate everyday life. On the other hand, they implicitly condition everyday life
through their design, consequently reinforcing established power dynamics in the circulation and
allocation of resources. Hard and soft infrastructures connect social networks by providing access
to different types of resources and shaping the context for how people can or cannot work, learn,
play, and live with others. As they are considered mature elements upon which activities of daily
life and environmental performance fundamentally depend [22], the existing infrastructures shaping
production and consumption systems are usually perceived as given and unchangeable. This is one of
the reasons why contemporary CE practices are constrained by them.

1.2. Urban Infrastructures and CE

CE initiatives at the city-scale can benefit from theoretical debates around the role of infrastructure
in shaping social, ecological, and technical dynamics [23–26]. In their studies, Star and Ruhleder
recognized that properly working infrastructures are formed considering a set of standards and
protocols of both its soft and hard dimensions [27]. According to the authors, once built, infrastructures
carry a system of offerings (e.g., people, objects, environments, messages, and services) and affordances
that standardize the circulation and allocation of resources, as well as how the infrastructure is used.
Instead of approaching infrastructure as an element “which runs underneath actual structures”, they
suggested individuals and organizations recognize them as relational elements “upon which something
else rides, or works, a platform of sorts” [27] (p. 151). Such an approach is particularly useful for
CE initiatives happening within cities, where new technologies and new dynamics of daily life are
rapidly changing and the fairly stable, technical elements of the 20th-century infrastructure are posing
significant barriers to progress towards overcoming 21st-century sustainability and equity challenges.

Urban change agents are searching for creative alternatives for CE practices, business models, and
new offerings that have higher “fitness” between local socio–ecological dynamics and the technical
capabilities necessary to actualize a CE [28,29]. These include citizen-led material reuse and recycling
centers, such as La Recyclerie in Paris, France [30] and Recycle Here in Detroit, Michigan [31], as well
as local government-led CE initiatives, such as in Amsterdam, Netherlands [32] and Charlotte, North
Carolina [33]. However, many CE practices within urban environments often remain novelties at the
meso- or niche-level and are unable to scale as they attempt to activate and mobilize multiple resources
through pathways that counter the linear logic underlying the design of these infrastructures.

Furthermore, many individuals and organizations who are exploring large-scale CE urban
interventions operate within their own traditional disciplinary silos, leverage existing networks of
partners, or do not involve residents and local organizations in their processes. As a result, these
interventions tend to be led, funded, and implemented by a small set of agents that lack expertise
about the dynamics of the daily life of residents and practices of local organizations [34,35]. Without
expanding their scope of closing loops in material resources from existing organizational practices, CE
interventions at the city-level will continue to fall short in understanding how urban dynamics are
shaped by a much more complex web of interconnected infrastructures responsible for allocating and
mobilizing social, ecological, and technical flows of resources.

To effectively realize the CE in an urban context, micro-level changes must be able to leverage
existing infrastructure or be robust enough to transform them in order to achieve lasting structural
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change. Likewise, macro-level interventions at the city scale need to reflect the challenges faced by
the individuals and organizations operating within their urban boundaries. Ozanne and Saatcioglu
suggest that in order to succeed in promoting paradigm shifts in complex systems, interventions “must
occur at multiple levels and depend upon a considerable investment of resources” [36]. Similarly,
Klerkx and colleagues argued that bottom-up approaches often obscure other influential factors, such as
technological advancements and new institutional arrangements that are present at different levels [37].
For them “innovation requires work on changing relationships and institutions at different levels” [37].
This demands that agents embedded in a particular context understand and engage in dynamics
beyond the interactions happening on the focal level. New pathways are required to mediate the
complementary roles of top-down strategic approaches and bottom-up emergent transformations [38].

The concept of “infrastructuring”, from participatory design, suggests an expansion from focusing
on the hard dimensions of interventions (outputs), and to also consider people’s activities and
organizational practices (processes) [39]. It considers that processes for designing interventions, which
determine the allocation and circulation of resources, are just as relevant for the CE as the outputs of
these processes, or the new (hard) elements through which resources circulate. Thus, “infrastructuring”
CE presents a means to democratize the processes of determining how resources should be allocated
and mobilized. It requires the participation of individuals and organizations to be involved in and
impacted by new infrastructural interventions during the processes of creating them, not only in the
implementation phase. Such an approach considers the multiple agents’ aspirations and challenges
as input to determine the goals of infrastructural interventions, the new offerings enabled by them,
and the actions these offerings afford users to do. Without “infrastructuring” CE, it is likely that
contemporary interventions will continue to fall short in recognizing how both the hard and soft
dimensions of infrastructures determine the circulation and allocation of resources, and therefore the
sustainability and equity of these infrastructures.

1.3. Study Objectives

There is a significant gap between the aspirations of a CE, the strategic approaches and operational
capacities of local organizations, and the understanding of the dynamics of daily lives of diverse urban
residents. This research spans multiple levels and systems across the City of Chicago where knowledge
in systems thinking (ST), industrial ecology (IE), and design (D) was combined to explore pathways
through which the narrow focus of CE initiatives on material resources at the meso- (organizational)
level could be expanded.

This paper presents the results of one of these projects: a collaboration between Illinois Institute
of Technology (IIT) and Plant Chicago (PC), a not-for-profit organization that was created to promote
research and education activities at The Plant, a community of sustainable urban agriculture and food
businesses, co-located in a former meatpacking factory. The research team co-created a framework
to incorporate considerations of multiple types of resources shaping organizational practices and
influencing dynamics at the macro-level (e.g., policy and related strategies) and at the micro-level (local
patterns of daily life and related tactics). The team also co-developed a model to support multi-level
infrastructural interventions that can enable paradigm shifts for actualizing CE at the city-level.
PC leveraged both the framework and the model to scale up its impact on the local circular economy
both at the facility-level, working with a small network of co-located food production businesses, and
at the city-level, infrastructuring a city-wide network of farmers markets.

2. Materials and Methods

Individuals and organizations at The Plant have developed collaborative material reuse projects
including organic waste through composting, construction materials through careful demolition and
reuse, reduction and redesign of packaging, and surplus exchange, among others. The research team
investigated how these collaborative efforts, engagement with diverse sets of agents, and knowledge
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creation being developed and disseminated at the meso-level could be scaled for greater impact in the
City of Chicago.

This research utilized mixed methods with participatory action research (PAR) as the primary
methodology for engaging with and involving diverse agents to understand and co-create CE
interventions, which was an inherently iterative process. Researchers integrated tools from industrial
ecology and systems thinking with design frameworks and methods as a means to both gather and
analyze different types of data, as well as support collective decision-making about alternative futures
with those embedded in the context of research (see Figure 1). PAR reinforces processes of ‘learning by
doing’ and focuses on creating an action-learning system for developing practical solutions for complex
social problems. It actively engages individuals and organizations embedded in the context being
researched during all stages of the research process, ensuring greater involvement and collaboration
between all parties, including the preparation of activities, collection, analysis, and synthesis of data,
and validation of the outputs [40]. PAR considers that existing knowledge and resources distributed
across agents are as valuable in the research process as they are in contributing to the outcomes. The
standpoint is that those affected by the research should have a say not only in the research outputs and
outcomes, but also in the process [41]. Thus, PAR ensures that individuals and institutions have agency
in the research being done about the context in which they are embedded [42], while recognizing their
multiplicity of voices, values, and concerns.

Figure 1. Underlying structure of the research approach.

The combination and integration of tools and frameworks throughout PAR activities were made
possible through prototyping and knowledge brokering methods. Unlike traditional prototyping
approaches that search for refinement of an existing concept, researchers leveraged prototyping
methods for knowledge brokering. Both prototyping activities and their related prototypes were used
to engage and involve diverse agents, and became the means to (1) discover new information about the
context, (2) test hypotheses and concepts (associated with products and knowledge), (3) collect evidence
for further analysis and interpretation, and (4) explore alternative futures co-defined by agents who do
not interact with one another normally. Through prototyping activities, participant engagement, data
gathering, data analysis, and the production of interventions became generative activities that allowed
researchers and other agents to explore previously unarticulated (and often hidden) connections and
challenges related to CE practices. Upon revealing these challenges, researchers created and prototyped
a new framework that expanded the consideration of the resources flowing, as well as a new model
to shape the flows of these resources in activities of infrastructuring CE [43]. Both are presented in
this article.
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Tools, frameworks, and methods from the three fields (IE, ST, D) were used as artifacts to facilitate
and mediate engagements during prototyping activities for both discoveries of system dynamics and
refinement of concepts, workshops and focus groups, and other hands-on activities of PAR. Material
and energy flow analysis (MEFA) and life cycle assessment (LCA), as well as network analysis, were
used to measure and map the flow and interactions of materials, money, and relationships among actors.
Conventionally, MEFA is applied to track the inputs, outputs, and transformation of specific material
and energy resources through a system of interest, and uses existing business practices, databases,
inventories, and surveys as its primary sources for data [44]. In parallel to quantifying the materials
consumed and produced by different actors, researchers leveraged IE tools to explore the potential for
material reuse and cycling (industrial symbiosis) with each one of the businesses. Combined, these
activities allowed for identification of common barriers across organizations concerning data gathering
and sharing. Likewise, traditional network analysis maps different types of relationships among actors
and quantifies their correlations. However, since researchers involved different business owners and
staff in their mapping activities, different perceptions about business interactions and the multiple
types of values being exchanged between them were also surfaced.

Systems dynamics modeling helped to surface key variables influencing the interaction among
agents and discuss patterns of challenges underlying engaging in CE practices; for example, the
nature of the relationships between organizations considering business to business, informal trading of
different types of resources, and social interactions [45]. By mapping causal relationships and feedback
mechanisms among these variables, researchers and partners explored leverage points of interventions,
considering how changes in specific components could affect the whole [46].

Design methods and frameworks from the whole view model [47] were used as a structure for
brokering different types of knowledge distributed among diverse agents throughout all phases [48].
These include, but are not limited to, performing field and user observations, and facilitating activities
with different tenants and their staff for describing the current state of their organizations and their
offerings, as well as to speculate alternative futures. Having a rigorous and pliant structure to
perform various activities allowed the research team to better understand the patterns of strategic and
operational challenges across businesses located in the facility, as well as patterns of daily life of those
working in the building.

Combined, MEFA, LCA, network and systems dynamics maps, and the whole view model helped
researchers to co-create a more holistic baseline with multiple agents that resulted not only in better
understanding the parts of the SETS that were embedded, but also the various relationships among
them through the flow and allocation of different types of resources.

3. Results

This research project can be described considering three central foci: (1) quantifying material and
energy flows and circular economy potential (facility-level); (2) activating and mobilizing agents for
advancing circular economy practices (facility-level); and (3) scaling niche-level CE success to city-level
impact (city-level). Although the center of gravity expanded, researchers continued to perform all
activities related to previous foci throughout the project. Thus, the results in both levels were generated
iteratively alongside framework and model development. That is, the outputs of prior activities led to
new questions, for which new frameworks and models were identified or created, which led to new
outputs, expanding the scope of the project for the next iteration and expansion. Figure 2 presents an
overview of the iterative research processes.
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3.1. Facility-Level: The Plant

3.1.1. Contextual Background and Problem Framing

The Plant, located in the Back of the Yards neighborhood on Chicago’s South Side, was started in
2010 by Bubbly Dynamics (BD), a for-profit social enterprise whose mission is “the creation of replicable
models for efficiencies that close loops of waste and energy and to encourage others to implement
these techniques to combat climate change” [49]. During the first half of the 20th century, Chicago’s
Back of the Yards district was considered the meatpacking center of the US. The neighborhood grew at
the intersection of many railroads and became home to advances in production systems, including
the first refrigerated boxcar in 1880, and the country’s oldest community organization, Back of the
Yards Neighborhood Council (1939). In 1971, the closure of the stockyards was the main trigger for
degradation of the neighborhood, including high levels of soil contamination, lack of education, and a
high concentration of low-income and marginalized populations.

BD’s vision for The Plant was for it to become a model for new sustainable urban food production
and consumption systems by transforming an abandoned industrial building into a fully occupied food
and beverage business incubator [50]. Over the last decade, The Plant has been home to a collective of
urban agriculture and sustainable food start-up or early-stage enterprises, most of them drawn to the
facility by its sustainability and circular economy ethos. In 2017–2019, the building housed two dozen
tenants including indoor and outdoor farms, kombucha and beer breweries, a cheese distributor, a
coffee roaster, and other small food and beverage producers and distributors. Together, they occupied
about 80% of the facility and employed 85 full-time employee equivalents. Among the tenants was
Plant Chicago (PC), a non-profit formed by BD to lead education and research activities at The Plant,
particularly around CE [51]. Among other offerings and programs, PC promoted and operated an
on-site farmers market that became a venue for tenants in the building to sell their products and
engage with visitors from across the city and around the world, and to a lesser extent, people from
the neighborhood.

The renovation of the facility has been gradual. Instead of taking a traditional approach to
physical redevelopment, through which high upfront investments determine the quality, allocation,
and use of different types of resources, including space design and hard infrastructure within facilities,
BD followed a path of adaptive growth. Such an approach resulted in a series of infrastructural
interventions that co-evolved in a non-linear manner with the practices they underpin. The company
repurposed different parts of the building as new tenants desired to occupy these spaces, or when
current tenants requested specific changes based on their operational evolution. This is not only a
financial strategy to reduce the uncertainty of resource allocation, as BD uses rents of the finished spaces
to reinvest in the building or fund the remodeling of new spaces for incoming tenants, but also an
ecological approach informed by principles of complex adaptive systems, such as self-organization and
emergence. For example, as new spaces are occupied, additional byproducts become available, giving
room for BD to experiment with new technologies (e.g., redirecting carbon dioxide from brewing beer
to enhance plant growth in a vertical farm). By having time flexibility and control over the construction
process, BD maximizes reuse of the materials in the building.

Overall, the adaptability of The Plant community was shaped by the evolution of interactions
between human, technical, and ecological components of the system. As a collaborative, ongoing
redevelopment process, the interactions between these elements are key to maintain, augment,
or abandon sustainability-oriented practices enacted within the facility. Thus, each infrastructural
transformation has built upon and been shaped by previous interventions, including this research and
the impacts it has created in the facility.
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3.1.2. Focus 1: Quantifying Material Flows, Industrial Symbiosis, and Circular Economy Potential at
The Plant

In summer 2016, researchers (W.A., J.P., and other collaborators) conducted the first comprehensive
material flow analysis for The Plant, measuring material inputs, electricity use, and waste generation
at individual tenant businesses and the facility as a whole [52]. The results of this research highlighted
the need for 1) a framework to actively engage small business occupants of the facility in the overall
mission of moving towards the circular economy, and 2) an easy-to-use and ongoing system to collect
data and measure the sustainability performance of the individual actors and facility as a whole.
Follow-up work by BD and tenants focused on building the physical infrastructure for increasing
facility-scale industrial symbiosis [50]. For example, inefficient water use was highlighted as a major
deficiency in the 2016 study, and BD subsequently designed and installed a rainwater collection system
for use by building tenants.

3.1.3. Focus 2: Activating and Mobilizing Agents Advancing Circular Economy at The Plant

PC, BD, and researchers (W.A., A.N., and IIT graduate students) started the current research
collaboration to explore sustainability performance measurement frameworks with which the occupants
of The Plant could track their material and energy flows. The assumption was that with a framework in
place, tenants would engage more in sustainable initiatives because they would have more information
regarding the technical and financial viability of engaging in CE practices with The Plant community.
Researchers reviewed existing sustainability performance frameworks and reporting tools to determine
best practices. In parallel, researchers conducted user and field observations, as well as semi-structured
interviews with tenant business owners and staff, BD and PC staff, volunteers, visitors, and several
others engaged in The Plant community. These observations revealed key barriers to engaging in and
making progress on CE initiatives. They also helped to uncover the priorities of the facility owners,
main incentives underlying engagements, and critical challenges concerning individual operations and
collective CE efforts. For example, without a formal structure and proper mechanisms to collaborate,
current (particularly new) tenants were struggling to understand their role in promoting, leading, or
participating in the CE practices proposed by PC and BD.

A series of co-creation workshops were subsequently held with stakeholders within this community
to chart a path for deepening and sharing an understanding of CE and the challenges faced by individual
companies in enacting it. Collectively, these interactions resulted in the identification of four strategies
for achieving this mission, each with its own set of tactics: (1) clarify PC’s and BD’s vision for CE;
(2) engage a broader set of stakeholders; (3) strengthen leadership and support within the facility;
(4) measure environmental performance. The staff of BD and PC, as well as some of the tenant business
owners within the community, took leadership positions in this endeavor, serving as repositories of
technical, business, and tacit knowledge to educate and engage the newer tenants in the facility on the
CE journey. A research report was created describing these strategies with tactical recommendations,
distributed among tenants and served as the background for the next phase of research [53].

Expanding Perception of the Circular Economy at the Plant

In summer 2017, the researchers (A.N.) built a research base inside The Plant and performed
a series of activities that ranged from co-defining CE with tenants, lunch and learn meetings, and
design-led workshops with tenants and volunteers, among others. The overall goal was to build new
relationships between PC, multiple tenants and their staff, residents of the surrounding neighborhood,
volunteers at The Plant, and BD. Researchers used “infrastructuring” to better understand the hard and
soft infrastructures conditioning CE practices, as well as the individual activities and business practices
that mobilized different types of resources through these infrastructures to actualize CE within the
facility. Systems maps were used as physical artifacts to encourage discussion through which different
agents in The Plant community could continuously manage concerns and controversies related to
implementing CE practices together. In doing so, researchers and participants were able to adapt their

63



Energies 2020, 13, 1805

activities and consider the unintended consequences of their actions, even as new concerns emerged
throughout these engagements.

Interviews with participants alluded to the use of resources beyond the natural, manufactured,
and financial resources, such as cultural norms and personal relationships, to actualize CE. To bridge the
gap of what is typically considered in CE research, the team explored more expansive frameworks for
assessing how different types of resources are utilized by organizations and identifying new leverage
points for overcoming the observed barriers to CE adoption [54].

Innovation Lenses Framework

It was in this context that researchers created the innovation lenses framework and developed a
series of prototyping activities to explore how the considerations of social, ecological, and technical
concerns could be leveraged to increase the effectiveness of CE practices and broaden participation
in them. The framework resulted from integrating socio-ecological and socio-technical concerns,
considering eight different types of capital, defined as “any type of resource capable of producing
additional resources” [55] (p. 165). The capitals can be classed in three broad categories: social,
ecological, and technological (see Table 1). The “social” capitals are created through human activities
and interactions, these include human, social, political, and cultural capital. Ecological capital is
well-defined for only those natural resources that are deemed valuable and monetized, such as fossil
fuels, minerals, and water [46]. The “technical” capitals are human-made resources that are only present
in economic activities and include financial, digital, and manufactured resources. The framework
has been used to describe how different types of resources are used in existing SETS, and to generate
interventions that embrace an expanded understanding of the dynamics shaping CE options.

Table 1. Definition of the eight capitals as innovation lenses. Reprint with permission [54]; Copyright
2019, Elsevier.

Social

Human Social Cultural Political

The ability and capability
of individuals to produce
and manage their
well-being. It includes
individual health,
knowledge, skills, and
motivation.

The professional and
social connections
among agents. It
includes partnerships
and collaborations, as
well as informal
gatherings.

Values and beliefs
inherent in social
practices, or
incorporated by
communities, that
determine patterns of
behavior being
encouraged,
discouraged, or tolerated
by individuals and
organizations over time.
It also includes ethnicity,
spirituality, heritage,
traditions, and daily
practices.

Governing structures in
organizations that
determine how decisions
are made and power is
distributed. It involves
hierarchy, inclusion,
equity, transparency,
access, and participation.

Ecological Technical

Natural Financial Manufactured Digital

Comprises natural
resources, both
renewable and
nonrenewable. It also
includes fauna and flora,
as well as their
life-supporting systems.

The productive power in
the resources of other
types of capitals. It
includes the resources
and assets of an
individual or entity
translated in the form of
a currency that can be
accessed, owned, or
traded.

All material goods. It
includes human-made
elements such as
physical infrastructures,
roads, artifacts, and
machines.

Digital infrastructure
and data. It includes
digital platforms, as well
as the mechanisms of
data collection, analysis,
and storage.
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The application of the framework allowed participants to raise questions that reflected a systemic
understanding of how different types of resources flow and are allocated based on the individual’s
activities and business practices within The Plant (see [54]). Participants explored alternative pathways
to activate and mobilize available resources and assets for them to contribute to the CE within and
beyond the facility’s boundaries. For example, PC realized that the value in the human resources in
the surrounding neighborhood had not been tapped because of the focus on material loop closing
at The Plant, and so sought to bridge practices at the meso-level in the facility, with the needs of
surrounding residents. Awareness of the disconnect between achieving “facility-scale Industrial
Symbiosis” and investing in residents of the Back of the Yards led tenants at The Plant, including
PC and BD, to prioritize hiring and training their neighbors to work inside the building. They also
began to support neighborhood entrepreneurial ventures, both by providing infrastructures for them
to develop their offerings and by welcoming small neighborhood businesses in their farmers market.
Combined, these activities supported PC staff in realizing that their organization was lacking alignment
between its goals to incubate local circular economies, current strategies, and its offerings to actualize
CE practices. As a response to this challenge, researchers and PC staff collaborated to build each
other’s capacity to innovate and promote CE practices at the local level and began exploring how to
scale impact at higher levels.

3.2. City-level: Farmers Markets

3.2.1. Focus 3: Contextual Background and Problem Framing

Farmers markets provide a platform for farmers to sell their produce directly to consumers. Over
time, they have expanded from being a point of sale for farmers to providing novel “farm to fork” food
for wealthier consumers and addressing food security and access in low-income communities [56,57].
Most recently, they have also started to engage in "shop local" movements to support small businesses,
as well as community building through various complementary programming.

Farmers markets can be characterized as goal-oriented, flexible platforms situated across cities. The
POEMS design framework (people, object, environment, messages, and services) defines people (market
managers and cleaning staff), objects (wayfinding posters, bins, posters, flyers, tends, etc.), environments
(physical space, parking, etc.), messages (information regarding vendors and their produce, incentives
to buy local and fresh food, food recipes, etc.), and services (cooking classes, kids tables, prepared food
and beverages, live music, etc.) [47,58]. As situated platforms, farmers markets enable the allocation
and circulation of various types of resources in urban environments by integrating different production
and consumption systems (finance, waste collection, mobility, regulatory, entertainment, food, fashion,
health, etc.) that shape and condition various interactions between farmers, local businesses, residents,
nonprofits, and government organizations [59]. Yet without proper infrastructures to integrate their
efforts into other movements, farmers markets are limited in leading large-scale changes, such as those
required to implement CE practices citywide.

Farmers markets hold immense potential to demonstrate, promote, and engage urban businesses
and residents with CE practices, as they collectively attract hundreds of thousands of visitors each year in
Chicago. Yet there are many barriers, including lack of adequate funding, staffing, information, energy,
and waste diversion infrastructure, which make it difficult to implement CE beyond market-level
initiatives. Grant funding is one of the chief determinants of what activities and programming market
managers can develop and incorporate. Although farmers markets depend upon a large number
of interactions between diverse sets of agents, they are isolated within their geographic boundaries.
As such, each of these interactions, including among market managers across the city, holds an
opportunity for education and action around CE.
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3.2.2. Investigating Opportunities for Scaling Niche-Level CE Success to City-Level Impact

The research team (A.N., E.L., and interns from PC) applied the innovation lenses framework to
identify how activities performed by PC staff activated and mobilized the eight capitals and to create
new strategies for increasing PC’s capacity to lead research and innovation activities that scaled the
impact of their local CE work.

Given PC’s development of a farmers market at The Plant and burgeoning collaborations with
other markets throughout the city, the researchers focused on the unrealized value of farmers markets
to advance CE in the City of Chicago and explored them as urban infrastructures to expand and
replicate local CE practices [60]. Farmers markets have increasingly aimed to support local businesses
while also attempting to tackle food insecurity and malnutrition [61]. The challenge in Chicago of
how local CE practices should be incorporated into the rules, regulations, and daily operations of the
market itself, has yet to be uncovered. Therefore, the focal question for this phase of the research was:
What hard and soft infrastructural changes could enable farmers market managers to advance local
circular economy practices in Chicago?

3.2.3. Application of the Innovation Lenses Framework in Farmers Markets in Chicago

While farmers markets have been positioned as flexible platforms capable of changing and
adapting to address social needs and consumer demands regarding larger societal movements, they
operate in isolation. Without proper soft infrastructures to integrate their efforts into other movements,
farmers markets are limited in leading large-scale changes, such as those required to implement CE
practices citywide. As a result, researchers investigated situations within which farmers markets
enabled the integration of multiple systems (e.g., food, mobility, education, health, economy, natural)
and supported multiple interactions among diverse sets of agents (e.g., customers, vendors, market
managers, hosts, volunteers). To do so, researchers considered each farmers market as a system in
itself and conducted ethnographic research on both users and infrastructures through the innovation
lenses framework. Table 2 provides a set of questions that guided this phase of research, and examples
of the infrastructures, stocks, and flows of different types of resources across them.

PC’s staff led most of the activities, such as conducting a literature review on how farmers markets
have gone through iterations over time, exploring their contribution, evolution, and adaptation within
urban environments during the 19th and 20th centuries. Together, the research team visited different
farmers markets, grocery stores, restaurants, urban farms, community centers, and research institutions,
and engaged with local vendors, farmers market managers, customers, and peer organizations for
participant observations and interviews. At every opportunity, researchers sought to have both formal
and informal conversations with diverse agents, including vendors, visitors, farmers, etc., about their
personal and professional experiences in farmers markets, and the infrastructure supporting their
activities around Chicago.

Upon identifying a variety of resources and assets within farmers markets, the team utilized the
anatomy of infrastructures tool (Figure 3) as a structure to organize and make sense of the data gathered.
This tool combines principles of multi-level systems mapping, the POEMS design framework, and the
innovation lenses framework. It illustrates (1) how different types of resources are flowing through
existing offerings; (2) the actionable properties these offerings currently afford users based on the access
to specific resources (e.g., affordances); (3) the impacts they generate at different levels considering
resource flows and allocation; and (4) their relationships with the main goals.
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Table 2. Infrastructures, stocks, and flows of resources in farmers markets across Chicago.

Capital Dimension
Stocks Flows

Guiding
Question

Examples
Guiding
Question

Examples

Human
Knowledge Whose

knowledge and
labor are
considered?

Market managers
knowledge of
regulations,
advertising, and
vendors knowledge
of produce and
goods

How and
where is
knowledge
being created,
and for whom?

Market managers
analyze data and
activities of markets
and act accordingly

Well-being How is the
capacity of
individuals to
perform
defined?

Individuals’ health,
education

What activities
maintain or
enhance
individuals’
capacity to
perform?

Cooking classes,
healthcare check ups

Social
Professional Who is

considered a
partner in
farmers
markets? What
is the nature of
the partnership
or affiliation?

Suppliers, market
vendors, city officials,
volunteers

How and
where are
partnerships
being formed?

Outreach of market
managers, vendor
applications,
networking events
across the city, vendor
training

Personal What informal
ties exist within
current
operations?

Relations among
managers, vendors,
and customers help
them to participate in
the market

How and
where are
activities
supporting
informal
gatherings
happening?

Informal social
gatherings in
designated common
areas among managers,
vendors, and
customers

Cultural
Local What are the

local traditions
and cultural
heritage
farmers
markets rely
upon, and what
values and
beliefs they
sustain?

Local food producers,
activists of local and
organic movements,
language and
vocabulary used to
communicate with
visitors

How and
where are the
cultural
practices and
values
manifested?

Selection of
farmers/vendors/
activities presented at
market

Global What global
elements and
practices have
been
incorporated?

Organic
certification/standards,
variety of attractions
beyond food (e.g.,
health, music, art,
dance), bilingual
communications

How and
where are new
global practices
being
incorporated?

Market managers host
diverse activities,
media messaging
about food safety and
health, local grocery
stores pose
competition

Political
Regulations What are the

local, state, and
federal policies
influencing
decisions in
farmers
markets?

City regulations,
state/federal food
safety rules, funding
available for different
types of markets,
food assistance
programs

How and
where are
policies being
enforced or
changed?

Market managers have
to follow food safety
compliance, vendors,
and double-value data
collection, waste
management

Norms What is the
power structure
within current
operations?

Market
owners/managers
make decisions for
all participants,
vendors, and
consumers

How and
where are
decisions being
made, or power
shifts taking
place?

Decisions are typically
made by
owners/managers,
outside of the market,
and presented to
vendors prior to the
event
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Table 2. Cont.

Capital Dimension
Stocks Flows

Guiding
Question

Examples
Guiding
Question

Examples

Natural
Fauna and
Flora

What is the
composition of
flora and fauna
species
supporting the
farmers
markets?

Vegetables and
animal products sold,
organic and
conventionally
produced within and
outside the city

How are
species growth
rates affected
by the market
activities?

Farming practices,
organic and
conventional, tend to
disrupt the ecosystems
in which they exist

Life
support
systems

What are the
energy,
materials, and
services
provided by
nature to
farmers
markets?

Soil for growing
produce to be
consumed by people
or other animals

How and
where are
energy and
nutrients being
extracted and
regenerated?

Extraction of resources
happen within and
outside the city, most
markets outsource
their waste
management services

Financial
Services What

institutions
provide
financial
services to
agents
participating in
the markets?

Loans: banks, credit
unions; Grants:
federal, state, and
local governments,
foundations;
Payments: consumer
income, government
food assistance

How and
where are
financial
services being
provided?

Formal financing of
vendor operations;
on-site ATMs, SNAP
program, double-value
services

Money What is the
institutional
structure
defining value?

Financial institutions,
philanthropic
foundations, market
competition

How and
where are
monetary flows
occurring?

Outside market:
grants, expenses;
Inside market: product
sale transactions

Manufactured
Infrastructure What is the

physical
infrastructure
available and
its condition?

Transportation
networks,
automobiles,
market-owned space
furniture, building
and city utilities

How and
where is
physical
infrastructure
being used and
enhanced?

Location of the market
determines
accessibility and space
occupation; seasonal
markets may occupy
different spaces

Products
and
Services

What products,
byproducts,
and services
support
activities?

Packaging,
marketing materials,
educational activities,
kids table

How and
where are
products and
services being
produced and
consumed?

Packaging typically
produced elsewhere
and discarded at
consumers’ homes.

Digital
Infrastructure What are the

digital
infrastructures
available?

Points of sale
systems, social
media, computers

How and
where are
digital
infrastructure
and data used
and enhanced?

Data analyzed to gain
additional funding

Data and
Information

What data and
information
supports
activities?

Quantified
attendance, sales
data

How and
where are data
collected and
managed?

Managers and vendors
collect data on sales,
attendance,
promotions
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Figure 3. Anatomy of infrastructures underlying farmers markets in the City of Chicago.

The anatomy of infrastructures tool supports the investigation of the overall alignment between the
offerings of a system (outer circle) and the intended goals of an infrastructure, situated in the center of
the diagram. It considers that resources flow through infrastructures considering actionable properties
that their offerings bring to reality, and the impacts users generate given the intended goals. This tool
follows the subsequent logic: the goals of man-made infrastructures (center of the diagram) determine
the intended and unintended impacts that individuals and organizations create in the broader context
in which they exist when they mobilize different resources. These impacts are determined by the
possible actions that users can take given the offerings available (outer circles), thereby suggesting
how individuals and organizations may use or leverage them through their activities. The correlation
between offerings, affordances, impacts, and goals is helpful to understand the current relationships
within the hard and soft dimensions of the infrastructure being analyzed, and how these four elements
can be integrated into new system interventions.

The team used this tool to understand the infrastructural complexity in advancing CE in farmers
markets, and how interventions should consider the integration of infrastructures present in other
systems, beyond the farmers market system. For example, the team learned that a set of vendors
developed the capacity, relationships, and reputation to sell their products in different markets
across the city, but their footprint leaves little room for local or neighborhood businesses to compete
within these spaces. Even though diversity is an affordance of current infrastructures that enables
a variety of offerings to come to life in each market, the same property is not being leveraged for
addressing challenges underlying social inequalities, especially those related to the diversity of vendors
across markets.
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3.2.4. Patterns of Challenges in Mobilizing Resources

The application of new frameworks and tools led researchers and managers to identify four
patterns of challenges related to allocating and mobilizing different types of capital through the farmers
market infrastructures.

• Digital and financial capital—managing diverse sets of data: Integrating data from multiple
sources and transforming the results into meaningful information requires new competencies
within current managerial practices. Farmers markets’ managers face the same challenges that
managers in large organizations face: what data should be collected? Which sources should be
integrated, and to what end? Yet, because farmers markets are usually run by small organizations
with resource constraints, they had to develop the minimum necessary set of competencies to
create the intended values for specific user groups. For this reason, they often do not have the
capabilities to integrate environmental- or social-related data into their operations. This focus
revealed an opportunity for collaboration around benchmarking and data sharing to communicate
local circular economy practices with each other and with the City government.

• Political and cultural capital—updating rules and regulations: Market managers tend to align
their practices and regulations with the larger goals of the City of Chicago programs. Markets
must comply with a wide range of rules and regulations, but existing CE practices have emerged
organically. Thus, where CE practices exist, they are defined by the vendor’s interest and are not
explicitly encouraged by the City government. Through this work, the managers are exploring
how they can shape new market regulations to encourage the adoption of local circular economy
practices by vendors and customers.

• Human and social capital—sharing best practices: Several CE practices have taken root in markets
across the city, but opportunities to accelerate and increase impact remain untapped. Chicago’s
market managers currently share best practices with each other through informal relationships
and infrequent gatherings. Without a formal infrastructure to create and sustain more open and
inclusive mechanisms to share their learnings and experiences, many managers go through the
same struggle at different times. Consequently, the overall farmers market operations become
inefficient in resource allocation. This realization led managers to create a systematic way to
learn from each other, employ proven successful practices at their markets, and advance the local
circular economy.

• Natural and manufactured capital—managing materials and nutrients: Implementing a materials
and nutrient management system based on CE practices can significantly increase the diversion of
recyclable and biodegradable materials from landfills. In the past five years, a handful of markets
have hired small, local food scrap haulers to handle their organic waste, but many markets
identified lack of budget, infrastructure, knowledge, and available local services as barriers to
diverting materials and nutrients from landfills. Since the majority of waste generated in farmers
markets is biodegradable, the ability to implement a system that properly manages materials and
nutrients is highly dependent on the market’s host site and the priorities of the market’s host
organization. This insight led to the consideration of how managers could collaborate to create an
affordable and effective system to divert materials and nutrients away from landfills.

3.2.5. CE Interventions

The researchers hosted a design-led workshop at the IIT Institute of Design for market managers,
representatives of the City of Chicago, and other stakeholders working on CE initiatives from the
private sector and non-governmental organizations (NGOs). The goal was to co-create alternative paths
to advance local CE through their markets. The workshop represented an action situation (see [18])
necessary to advance CE practices in complex, open-ended projects involving multi-stakeholders, such
as urban farmers markets. Each participant received a contextual report created by the researchers
indicating the approach to the research and the four common challenges that were uncovered. After
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validating interpretations about these four challenges, participants divided themselves into small
groups, each responsible for one challenge, and considered principles of transparency, diversity,
and inclusion as underlying criteria for intervening in current flows and allocation of resources.
Participants agreed upon (1) a common goal (advance local circular economy in Chicago through
farmers markets), (2) a set of challenges, and (3) the criteria for intervention (principles for local CE)
to co-define principles for future engagements and explore new competencies that market managers
needed to enable local CE. These priorities and competencies are education (knowledge dissemination),
facilitation (CE-oriented interactions to sustain engagement with vendors and customers), collaboration
(organize and intentionally support one another), and coordination (ensure that collaboration leads to
actions). Combined, these four competencies present opportunity areas for intervention and impact
related to building soft infrastructures for the CE at the city-level (see Figure 4).

The understanding and implementation of CE practices at farmers markets require market
managers to be connected and communicate regularly. This project served as a starting point for a
series of collective efforts to increase the adoption of CE practices currently being led by a coalition
of farmers market managers. A research report was co-created and is currently being used by PC
staff and other market managers to continue to form new engagements with various stakeholders
involved in farmers markets activities [60]. Stakeholder group activities currently include advising
the City of Chicago on market regulations, changing the rules and regulations of individual farmers
markets programs, maintaining a digital platform for market managers to communicate, and building
vendor’s capacity to engage in CE practices, among others. This highlights the opportunity for scaling
the impact of meso-level successes, by pivoting through strategic alliances, systems understanding,
and infrastructuring co-design practices with lead agents and partners.

Note: Grey elements illustrate existing competencies needed to bring a farmers market to life, and
their interdependencies (arrows). Green elements (arrows, texts, and circles) situate the changes and
the four new competencies identified by researchers and participants.

Figure 4. Competencies needed for infrastructuring the local CE through farmers markets.
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3.2.6. Four I’s Model

Combined, the experiences at the facility-level (The Plant) and the city-level (farmers markets in
Chicago) culminated in the “Four I’s” model, which presents four intervention strategies needed in any
process of “infrastructuring” the CE practices in SETS, regardless of its geographic boundary. The “Four
I’s” model consists of: (1) interconnectivity between the organizational levels of systems; (2) integration
of the social, ecological, and technical systems shaping the conditions in place; (3) interactions of the
agents defining the dynamics of these systems; and (4) iteration of design interventions over time [62].
The Four I’s model ultimately presents four general design strategies for intervening in complex CE
challenges, such as in urban environments. For each one of these strategies, researchers are exploring a
specific tool that can support and advance design practices in these complex spaces.

Interconnectivity of Organizational Levels

People experience different conditions of SETS and develop unique knowledge about them
depending on the level within which they are embedded (macro, meso, micro). Unlike embedded
(operational) and explicit (codified) knowledge, “tacit knowledge can neither be explained in terms of
rational decision-making nor be summarized easily in quantitative terms” [63] (p. 55). This challenges
traditional approaches to expertise and requires different stakeholders to understand the value of
daily life experiences that manifests itself as tacit knowledge, to inform change. Thus, in addition to
capturing the different types of knowledge about the conditions in each one of these levels, individuals
and organizations need new approaches that recognize and incorporate considerations of how the
interdependency among them is shaping the dynamics of SETS. Although activities at each level
need certain autonomy to increase efficiency and effectiveness, they also need to be connected and
integrated with the choices and activities happening at the other levels. Without proper alignment, the
chances of unintended consequences might increase because a choice made in one level invariably
will be made based on the unrealistic assumption that the other levels will support or are capable of
adapting accordingly.

Integration of Multiple Systems

A system is a collection or set of interconnected parts, usually delimited by some type of spatial
or temporal boundaries. Systems’ boundaries can be outlined based on the structure, the functionality,
the nature, and/or the intended goal of the analysis and design [64]. As individuals and organizations
focused on creating new CE practices in cities tend to interpret systems’ boundaries of their innovation
processes based on the specialized practices of their own industry or sector, they create artificial
boundaries for interventions that are defined by their focal idea, not by the natural or existing limits
of the system. Yet, infrastructural interventions in urban areas result from individual activities and
organizational practices that activate and mobilize various types of resources currently distributed
across multiple systems (e.g., energy, knowledge, water, money, power, etc.). Thus, when these agents
take traditional approaches that consider one system at a time, they overlook the extent through which
infrastructural interventions are conditioned by, and dependent on, intersecting systems that shape
everyday life [65].

Interactions of Diverse Sets of Agents

The interaction of diverse agents can bring distinctive perspectives to framing problems and
developing solutions to CE challenges in cities. Agents can be human or non-human, including
components of technology (e.g., portable machines, digital platforms, organizations, products, etc.)
or biological (living creatures, etc.). An interaction in SETS occurs when any agent affects the other.
Interactions can be defined as symbiotic relationships between and among social, technical, and
ecological components. They are dynamic relations between parts and wholes in systems and can
be transactional (e.g., a single purchase from a vendor at a farmers market) or defined by a temporal
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pattern (e.g., increase of visitors at The Plant during wintertime). Redesigning the flows of political
capital within various systems that shape local dynamics should underlie efforts to create infrastructural
interventions. Currently, this resource is unevenly distributed and hoarded by certain agents within
SETS. Such conditions create unsustainable power dynamics among agents and influence the outcomes
of infrastructural interventions. Boonstra defines power as “a (human) capacity to act in social and
ecological conditions” [66] (p. 1). Thus, understanding the role of power in shaping contemporary
socio-technical and socio-ecological interactions in urban territories is critical to map and intervene in
current urban dynamics. As noted by Geels, existing institutional arrangements operate within certain
power dynamics, and to intervene in them, individuals and organizations that seek to create urban
CE practices need to understand who has the power to enable or inhibit large-scale transformations,
including how the relationships among and between these two groups are sustained [67].

Iterations over Time

Having considered the dynamic interactions of diverse sets of agents as the third attribute
of infrastructural intervention, this last part addresses the iterative nature of CE interventions.
Infrastructural interventions “are always and unavoidably situated within, and part of the sedimentation
of material arrangements, themselves linked to a persistently dynamic profile of activities and
practices” [65] (p. 164). Infrastructuring the CE demands recognition that infrastructures are
path-dependent and impermanent because of the variation of the activities they enable. The dynamic
nature of everyday individual activities and organizational practices suggests that intervening in
existing infrastructures to support local CE demands agents involved in these processes to work in
successive intervention processes, as the interactions between diverse sets of agents utilizing these
infrastructures will necessarily change over time.

Cities, as SETS, are shaped by interdependent infrastructures that produce synergies due to
complementary functions they perform in activating and mobilizing different types of resources. Such
interdependence will likely support the co-evolution of both problems and solutions to city dwellers,
organizations, and ecosystems within the urban territory. Thus, infrastructural interventions are
dependent on how different resources distributed across social, technical, and ecological systems can be
activated and mobilized so as to serve one or more SET demands (e.g., Bubbly Dynamics repurposing
a building, while contributing to local economic development). This work suggests that diverse agents
driving CE change in cities need to adopt more pliant approaches that can enable them to continuously
engage and involve diverse voices representatives of the plurality of residents and local business in
both processes of problem framing and solution finding, as well as in the resulting pathways that lead
to creating and implementing infrastructural interventions for local CE practices.

4. Discussion

A significant gap remains to connect conceptual and ideological discourses of CE practices to the
pragmatism required to intervene in complex situations that need reconsideration of the allocation and
circulation of different types of resources, so they are fit to the sustainability of the SETS of interest.
Transitions in SETS, such as cities, require knowledge integration from both multiple disciplines and
diverse agents distributed across the different levels of these systems. As knowledge is dispersed
in multiple forms and agents shape the dynamics in SETS, new approaches are required to not only
increase impact in each one of these systems but also to carve new opportunities and explore emerging
possibilities. This work focused on creating innovative infrastructural interventions centered on
overcoming complex socio-ecological-technical challenges. More specifically, it focused on expanding
CE practices to contribute to the sustainability of the systems within which they exist and advancing
expertise in providing alternative, regenerative approaches to scale impact from niche-level successes
to higher levels in SETS.

In the case of both the facility- and city-level, the opportunity relied on the creation of new
knowledge infrastructures, or “robust networks of people, artifacts, and institutions that generate,
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share, and maintain specific knowledge about the human and natural worlds [68] (p. 5). Here,
knowledge infrastructures are recognized as adaptive and involving a continuous flow of information
because (1) individual elements are constantly changing, leaving, or even being introduced, and (2)
“knowledge is perpetually in motion” [64] (p. 6), meaning that the definition of the known is constantly
changing either by novel questions, redefinitions, or incorporations of novel perspectives, which was
the case of the CE paradigm. Such fluid conditions frame knowledge as a resource flowing through the
interactions between different agents in SETS. As Edwards and colleagues argued, “the current situation
for knowledge infrastructures is characterized by rapid change in existing systems and introduction
of new ones, resulting in severe strains on those elements with the greatest inertia” [68] (p. 5). Thus,
if individuals and organizations interested in enabling CE practices intend to capture these resources
and embody them into new interventions, they will have to develop new mechanisms to integrate
knowledge that is not only pulled from different domains (e.g., industrial ecology, socio-technical,
design, and socio-ecological systems theory) but also distributed among different agents (residents,
local institutions, researchers, local businesses, investors, government agencies, etc.), considering
how they are interacting on multiple levels of the SETS of interest. By doing so, individuals and
organizations may be better equipped to design alternative infrastructures capable of confronting
complex socio-ecological-technical challenges preventing the wide adoption of CE practices within
urban environments.

As urban change makers, researchers working with individuals and organizations embedded
in cities leveraged the innovation lenses framework and the Four I’s model to explore infrastructure
within The Plant and in farmers markets across Chicago. Both were approached as junctions of social,
ecological, and technical systems enabling the allocation and movement of multiple types of resources.
Upon completing the first comprehensive material flow analysis of The Plant, our research focused on
co-creating a sustainability measurement framework to support The Plant’s tenants in their engagement
with CE activities. By applying prototyping methods as means for infrastructuring change through
PAR, the team uncovered the need, and opportunity, to broaden participation and involvement in
determining and shaping CE activities both within and beyond the facility (the niche), and to consider
the variety of perspectives (Four I’s model) and resources (innovation lenses framework) that shape
sustainability and equity within SETS dynamics. As a response, Plant Chicago repositioned itself
as a convener for local circular economy practices, facilitating niche-to-regime transitions towards
circularity across the city, in this case, through farmers markets.

This research project not only helped build design capacity among PC staff, increasing their ability
to embed principles of sustainability and equity into their innovation processes towards CE, but it
also increased their confidence in tackling complex projects at a broader scale, beyond the facility
boundaries. In the process of doing so, PC transitioned from an NGO that promoted CE through
research and development at The Plant to one cultivating local circular economies across the City of
Chicago by convening diverse perspectives that would not otherwise have a forum in the circular
economy space. Researchers, on the other hand, benefited from social connections and political access
to various communities, and from the knowledge and experience of diverse agents embedded in these
communities as they had deep expertise about existing infrastructural challenges, as well as historical
and cultural patterns that continue to prevent CE to be actualized. Such contributions were keen to
advance on new approaches, combining frameworks, methods, models, and tools that can facilitate
and contribute to the sustainability and equity of SETS dynamics through CE practices. Other agents
directly or indirectly involved in this research benefited from the activism and leadership of PC to
intervene in the flows of resources through infrastructural interventions.

The researchers, PC staff, and market managers explored farmers markets as citywide
infrastructures to promote and enable local CE practices, rather than isolated platforms. Together
with other market managers, the research team realized that by incentivizing changes in the business
practices of small companies involved in farmers markets, vendors will likely change their practices
elsewhere, consequently creating a network effect across the city with the farmers market as a leverage
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point for change. As urban infrastructures are (re)oriented towards CE, farmers markets in Chicago
present high potential to become the means through which other agents learn about and can practice CE.
Currently, they are not only becoming regulated by CE principles, but also provide incentives for the
adoption of CE practices through various activities (e.g., capacity building of vendors, periodic meetings
of market managers), aligned messages (e.g., posters informing opportunities and decisions around
CE, more inclusive and diverse messaging to reflect the population it serves, etc.), and new offerings
(e.g., new waste stations, compost services, advice and recommendations for policy change in the City
of Chicago, among others). By relying on the concept of infrastructuring, market managers are creating
new CE-focused programs that increase interactions between small local businesses, while also forming
a local network centered on CE. In doing so, they are connecting data, information, and strategies
from attempts in each market, sharing with each other, and co-creating and prototyping alternative
interventions based on the resources available and on the opportunities to promote well-coordinated,
citywide change towards CE.

5. Conclusions

The application of the innovation lenses framework and Four I’s model can help agents in public,
private, and civil society to consider how infrastructural interventions activate, mobilize, and are
conditioned by the flow and allocation of various types of resources, the interconnectivity of different
organizational levels, the intersection of social, ecological, and technical systems, the interactions of
diverse sets of agents, and their iterations over time. Urban infrastructures are the means through
which resources flow in a system, given a specific goal, traditionally to support economic growth
through the lenses of technical systems. Today, there is increasing recognition that they have to be
adapted and used to support more sustainable and equitable outcomes in urban environments; but to
do so, urban change makers must develop their expertise in creating the infrastructural interventions
affecting the circulation of different types of resources, and contribute to the fitness of humans and
non-human agents’ interactions happening within and across systems levels.

Exploring infrastructure from a multi-level, relational perspective unlocks new opportunities for
situated urban interventions to consider how the relationships between different agents embedded in
these situations are the means through which different types of resources are activated and mobilized
within a city. Expanding the traditional boundaries of infrastructural problems to include dynamic
interactions of diverse agents underpinning resources flow also enables urban change makers to better
understand how these dynamics in turn shape and condition situated interventions. When explored as
elements of both socio-ecological and socio-technical systems, infrastructural interventions for CE in
urban settings become the nexus through which different types of resources are combined to generate
transformational change towards sustainability and equity.
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Abstract: Successful transitioning to a circular economy city requires a holistic and inclusive approach
that involves bringing together diverse actors and disciplines who may not have shared aims and
objectives. It is desirable that stakeholders work together to create jointly-held perceptions of value,
and yet cooperation in such an environment is likely to prove difficult in practice. The contribution
of this paper is to show how collaboration can be engendered, or discord made transparent, in
resource decision-making using a hybrid Game Theory approach that combines its inherent strengths
with those of scenario analysis and multi-criteria decision analysis. Such a methodology consists of
six steps: (1) define stakeholders and objectives; (2) construct future scenarios for Municipal Solid
Waste Management; (3) survey stakeholders to rank the evaluation indicators; (4) determine the
weights for the scenarios criteria; (5) reveal the preference order of the scenarios; and (6) analyse the
preferences to reveal the cooperation and competitive opportunities. To demonstrate the workability
of the method, a case study is presented: The Tyseley Energy Park, a major Energy-from-Waste
facility that treats over two-thirds of the Municipal Solid Waste of Birmingham in the UK. The first
phase of its decision-making involved working with the five most influential actors, resulting in
recommendations on how to reach the most preferred and jointly chosen sustainable scenario for
the site. The paper suggests a supporting decision-making tool so that cooperation is embedded in
circular economy adoption and decisions are made optimally (as a collective) and are acceptable to
all the stakeholders, although limited by bounded rationality.

Keywords: circular economy; cooperation; game theory; multi-criteria decision analysis;
scenario analysis

1. Introduction

A growing body of research suggests that a Circular Economy (CE) approach results in more
efficient use of materials and better waste management processes in which resources are continually fed
back into the consumption process, rather than reaching end-of-life. CE principles involve resources
and waste being reintroduced into the process (indefinitely) rather than effectively becoming lost [1].
As such, it is considered as the opposite of the current linear consumption system. Adoption of a CE
approach is fraught with a plethora of associated barriers that need to be overcome [2], not least the
ability to:

• Capture multiple value perceptions [3];
• Facilitate cooperation between stakeholders [4];
• Ensure stakeholders are proactive and cooperative in terms of considering and adopting new

supply chains [5];
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• Raise awareness and provide regulations that support CE [6];
• Achieve an outcome that satisfies (i.e., is welcomed or tolerated by) all participants.

In essence, it is about facilitating a decision-making process that acts as a CE enabler by overcoming
the barriers previously highlighted. Multiple methodologies have been reviewed that facilitate
decision-making processes for topics such as Municipal Solid Waste (MSW), bioenergy and Industrial
Symbiosis (IS)—all relevant aspects of waste management (e.g., [2,7–9]).

The method presented in this paper embraces the advantages of three diverse methodologies into
a hybrid approach, namely:

1. Scenario Analysis (SA);
2. Multi-Criteria Decision Analysis (MCDA); and
3. Game Theory (GT).

SA has been commonly used to make future predictions, for example: to identify optimisation
measures in the waste household appliance recovery industry [10]; to predict the total greenhouse
gas emissions of multiple MSW scenarios [11]; to analyse the influencing factors in MSW scenarios,
thereby improving opportunities and identifying key problems [12]; and to compare the economic
and environmental impact, and review the energy efficiency, of traditional technologies with
mechanical-biological MSW treatment [13]. Additionally, SA and MCDA were used complementarily
to find the best solutions of MSW strategies for future scenarios [14].

MCDA techniques have been widely applied to CE studies, a few relevant examples being: a
weighting method was introduced to involve stakeholders in the selection process of a MSW facility [15];
MSW studies which focused on the perceptions of stakeholders have been reviewed [16]; subjective
preferences of stakeholders and objective performance of eco-industrial thermal power plants were
integrated to determine criteria rankings [17]; the disassembly of aircraft at their end-of-life were
studied as a MCDA issue [18]; the preferences of alternatives to new uses for waste in mining sites were
assessed [19]; and alternatives to import liquefied natural gas whilst satisfying CE-related logistics
criteria were optimised [20].

On the other hand, GT elements are less commonly applied, although examples of CE and solid
waste studies do exist. For example, the trade-offs between disposable and refillable bottles were
studied [21], in which consumers and bottles were incorporated as the stakeholders; the characteristics
of Cost-Benefit Analysis (CBA), Life-Cycle Assessment (LCA) and MCDA were contrasted to further
introduce a decision support framework based on GT [22]; the optimal alternative from multiple
waste-to-energy solutions was selected [9]; and cooperative costs and legislation constraints were
included in a study of MSW separation mechanisms [23].

MCDA is used to model the preferences of stakeholder groups in decision-making by introducing
‘compensation’, meaning to agree on a set of trade-offs which settle for fewer features of the most
preferable scenario and more of the less preferable ones, without decreasing the general satisfaction of
stakeholders [16]. Whilst GT is able to analyse trade-offs by considering potential cooperation and
conflict between stakeholders, MCDA techniques do not consider stakeholders’ preferences and their
influence when negotiating and attempting to reach consensus [9]. This is a shortfall and, therefore,
the potential of combining SA with MCDA and GT offers significant advantages, particularly in the
case of the CE. For a more detailed discussion of these, refer to [2].

Additionally, GT elements were used to study group decision-making for landfill and
Energy-from-Waste (EfW) technology alternatives [9], whereas this paper has included other CE
principles such as reducing MSW generation, recycling and carbon emissions mitigation. In addition,
a two-player game was introduced in this study, whilst the framework reported herein considers an
expanded n-player game where five stakeholders are considered for the case study provided. The
proposed methodology aims to deliver recommendations on how to reach a ‘most optimal’ scenario.
(That is, each stakeholder might have an ‘optimal scenario’, but for the stakeholders as a whole,
there will be a ‘combined optimal’, which will (at least for some) be ‘sub-optimal’, yet acceptable,

80



Energies 2020, 13, 1845

to individual stakeholders). Thus, the scope is oriented to stakeholder groups, and is meant to help
decision-makers, particularly in conflicting CE situations, where participants have clashing objectives;
an aspect that has not been yet addressed previously in the CE literature.

The aim of this paper is to present a methodology whose underlying philosophy is to encourage
cooperation between stakeholders within the decision-making process and, where cooperation of all is
not possible, to demonstrate where decision-making is vulnerable to discordant views. Its starting point
is the adoption of two underlying, well-evidenced principles: to be capable of realising the aspirational
futures of a city (in this case, creating an effective CE), all urban stakeholders should ideally work jointly
and collaborate effectively [24]; and to truly transform an urban area, a transdisciplinary approach
must provide the foundation to solve city problems [25]. It also assumes a priori that stakeholders: are
individually rational (are able to define objectives and appropriate actions that meet their own needs),
have complete information, are willing to engage in a discourse with other actors, and are potentially
willing to compromise on and accept compensation for their satisfaction levels (as long as their needs
are sufficiently met); these assumptions being in accordance with GT principles. Finally, it assumes
that it is possible to define a comprehensive stakeholder directory—those who have a vested interest
and should be included as ‘actors’ in the GT process—that this set of actors remains comprehensive
(i.e., no new actors will be introduced) and that all actors will continue to comply with GT principles
(continue to engage in discourse and be willing to compromise, unless one or more wishes to withdraw
from the process) during all later stages of the decision-making process.

This activity forms part of a larger decision-making process around a substantive change to (or
an intervention in) the complex system-of-systems that make up cities and underpin civilised life.
Citizens and those who govern them (city leaders) have aspirations for their place (visions, mission
statements and suchlike), representing bottom-up and top-down perspectives, and these will almost
certainly include many aspects of a CE, whether for economic, social, environmental or political
reasons [24]. These need to be identified, articulated and disseminated to all stakeholders. The current
operational paradigm (the systems that currently operate, e.g., often in accordance with a linear
economy) needs to be understood and mapped, its current performance (in CE terms) established and
a rigorous diagnosis of the problems of transformation to a CE carried out [25]. Only then can an
engineered solution—a revised system operating in accordance with CE principles—be proposed [3].
This would inevitably attempt to take all relevant stakeholders’ views into account while delivering a
suite of benefits that meets the combined aspirations of the citizens and city leaders, while addressing
national and global priorities [24]. It will equally explore how well the intervention is likely to
function if the future context changes (to build in resilience), formulate alternative business models
to secure the investment necessary to implement the intervention, and identify all of the forms of
governance—formal (legislation, regulations, codes and standards) and informal (individual and
societal attitudes and behaviours, social norms)—that would determine whether the intended benefits
of the intervention would be likely to be delivered [3]. While this overarching set of methodologies is
straightforward to define, one crucial question remains: will all of the actors involved—the individuals
who will determine whether the intervention will work as intended—either positively enable it to
work or allow it to work?

In addition to addressing this question, a crucial gap in knowledge addressed by this paper is that
even though several researchers have studied CE implementation (e.g., [26–28]), and despite others
recognising its relevance to the successful adoption of CE principles (e.g., [4–6]), cooperation between
stakeholders (and its satisfactory achievement) has not yet been researched in terms of it being a key
element for the CE transition. In dealing with these two primary goals, we illustrate and trial our
thinking by considering adoption of CE principles in the waste management of Birmingham, UK’s
second city. The paper is organised as follows: Section 2 presents a six-step hybrid approach that
integrates three existing methodologies, namely, SA, MCDA and GT; Section 3 describes the case study
to which the proposed hybrid approach is applied (the first phase of decision-making, involving the
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five most influential actors); Section 4 discusses the results of its application; and Section 5 highlights
the conclusions and potential future areas for research.

2. Methods and Materials

The hybrid approach consists of the six steps shown in Figure 1. Further details are provided in
Sections 2.1–2.6.

STEP 1: Establish Scope of the Study and Stakeholders
• Step 1a: Establish scope of study
• Step 1b: Determine stakeholder groups

STEP 2: Formulate Future Scenarios
• Step 2a: Indicators selection
• Step 2b: Construct possible scenarios

STEP 3: Obtain Subjective Weight Vectors
• Step 3a: Stakeholders assign scores to indicators
• Step 3b: Pairwise comparison of stakeholder scores
• Step 3c: Determine subjective weights from stakeholders

STEP 4: Construct Objective Weight Vectors
• Step 4a: Rescale scenarios performance
• Step 4b: Pairwise comparison of scenarios
• Step 4c: Determine objective weights from scenarios

STEP 5: Evaluation and Ranking
• Step 5a: Calculate inconsistency ratios
• Step 5b: Determine preference order of scenarios

STEP 6: Competitive and Cooperative Analysis
• Step 6a: Use equilibrium methods
• Step 6b: Apply allocation method

Figure 1. Flowchart summarising the methodology.

2.1. STEP 1: Establish Scope of the Study and Stakeholder Groups

To define and classify the stakeholder groups for consideration in the decision-making process of
Municipal Solid Waste Management (MSWM), four steps are adapted from the ‘Stakeholder Analysis
Module’ tool [29]:

1. Define the problem to study (Step 1a);
2. State the important elements that caused the problem (Step 1a);
3. List all stakeholders with an interest in the elements of the issue (Step 1b);
4. Remove any duplicated stakeholders (Step 1b).

2.1.1. Step 1a: Define Scope of Study

The scope of the study (i.e., problem to be solved) needs to be clearly stated and any influencing
factors that caused the problem need to be considered. The objectives refer to specifying what is
intended to be drawn out of the study, e.g., compare MSWM or EfW alternatives [9]. The case study
application of this step is shown in Section 3.2.
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2.1.2. Step 1b: Determine Stakeholder Groups

A stakeholder is defined as a group or an individual who is influencing or being influenced by
(or both influencing and being influenced by) a set of decisions regarding a specific issue [16]. If
the stakeholders are highly unlikely to cooperate, it might be thought that the possibilities of their
being included in the decision-making process, or the effectiveness of the decision-making process
itself, would be significantly reduced [30]. However, the proposed framework aims to encourage
cooperation—it makes transparent to all actors the benefits of cooperation and the adverse consequences
of failing to cooperate—and as such, advocates the inclusion of the opposing actors in order to shed
light on their contradictory and/or contentious views. The methodology has been devised to increase
the overall levels of satisfaction of all involved, and therefore has the potential to change the views
of stakeholders (or actors in the decision-making process) who might initially adopt a contradictory
stance in relation to the proposed (CE) intervention. This would, of course, be a rational response;
irrational actors, who would disrupt any decision-making process, would be exposed as such as the
methodology progresses and would find themselves isolated, and their views potentially excluded,
as a result of the openness and transparency being brought to the decision-making. This might then
result in them deciding to withdraw, or being asked by the collective to withdraw, and this would then
become a matter of record when the final decision-making outcomes are disseminated.

2.2. STEP 2: Formulate Future Scenarios

It is now necessary to build future scenarios, of which their performance will be evaluated.
Scenarios are usually constructed from the participant stakeholders, the available MSWM alternatives
and the indicators to assess them [9]. Case study application of this step is shown in Section 3.3.

2.2.1. Step 2a: Indicators selection

Indicators must have characteristics considered to be appropriate to measuring the performance
of CE scenarios. A good indicator should identify where you are and provide a pathway to where you
want to be [31]; therefore, a unit of measure is required. The process of correctly identifying indicators
relevant for CE assessment is based on:

• Valenzuela-Venegas et al. [32], which describes the process of selecting a range of sustainability
indicators relevant to evaluating the sustainable performance of Eco-Industrial Parks (EIPs);

• Saidani et al. [33], which reviewed literature relevant to CE indicators; and
• Valenzuela-Venegas et al. [32] and Leach et al. [34] in which that the desirable properties for

selecting indicators accurately are reported as:

1. Understanding: be understood easily;
2. Pragmatism: be easily measurable and data easily obtained;
3. Relevance: be aligned with the goals and future of EIPs and businesses;
4. Representative: enable the comparison of EIPs and allow for progress to be identified; and
5. Multi-dimensional: evaluate one or more sustainability dimensions.

2.2.2. Step 2b: Construct Possible Scenarios

The objective of utilising MCDA is to evaluate—according to stakeholders’ preferences—which is
the best from a set of hypothetically built, by the researcher, future CE scenarios of MSWM in cities.
While there are many ways to develop scenarios, the four Urban Futures scenario archetypes, which
are themselves based on four of the six scenarios developed by the Global Scenario Group (their two
scenarios involving societal breakdown were considered irrelevant to this exercise), are used because
of their ability to provide diverse stakeholder engagement in futures; for more details refer to [35–37].
They have been re-interpreted to show the thinking for MSWM:
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Scenario 1. Market Forces (MF). An extreme extension of the business-as-usual scenario, yet
one in which social and environmental concerns are ignored completely. In terms of MSWM, this
would likely mean that sustainability does not feature high up the agenda and waste is considered as
a burden and typically something that costs rather than makes money and hence CE receives little
investment or attention.

Scenario 2. Policy Reform (PR). This is based on strict enforcement of policy to achieve
sustainability goals. In terms of MSWM, sustainability is likely to feature high on the agenda
and strict policies for ever increasing charges for landfill and fines for waste production are likely
to ensue.

Scenario 3. New Sustainability Paradigm (NSP). This scenario is shaped by widely accepted
sustainable citizen values and behaviour. For MSWM, it is likely that citizens readily embrace CE
principles and the governance systems support such implementation.

Scenario 4. Fortress World (FW). This scenario is characterised by highly polarised wealth
distribution and wellbeing. In terms of MSWM, there are likely to be significant disparities in the way
this issue is considered. The wealthy inside the fortress take care of their waste by pushing it out of
the fortress causing negative consequences for those who lie outside—a “not in my backyard-ism”
mentality ensues.

2.3. STEP 3: Obtain Subjective Weight Vectors

In this step, stakeholders are asked, through the use of a questionnaire, to rank the selected
indicators (Step 3a). The researcher then pairwise compares their scores (Step 3b) in order that a
subjective weighting is found (Step 3c). Case study application of this step is shown in Section 3.4.

2.3.1. Step 3a: Stakeholders Assign Scores to Indicators

The first part of the ranking process is to utilise a ‘priority scale’ [15] where stakeholders assign
‘priority scores’ to the indicators based on how important the indicators were based on a well-recognised
9-point ‘Saaty scale’(9 being most relevant and 1 being least relevant). This technique was selected
due to its ease of understanding to all stakeholders, but most importantly because it helps avoid any
inconsistencies and facilitates pairwise comparisons.

2.3.2. Step 3b: Pairwise Comparison of Stakeholder Scores

Using the output of Step 3a, the pairwise comparison of stakeholder scores is performed. The
matrix of pairwise comparisons consists of one plus the differences in the ranking values (DVi,j) of each
indicator assigned by each stakeholder, and they are calculated as follows. However, if the comparison
results in a negative number, the value of DVi,j will be given by the reciprocal of one plus the absolute
value of the differences:

DVi,j = 1 + (Ri −Cj), (1)

DVi,j =
1

(1+
∣∣∣Ri −Cj

∣∣∣) , (2)

The matrix of pairwise comparisons should look like the following:
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Difference Values (DVi,j)

Cj

1 2 . . . j

Ri

1 DV1,1 DV1,2 . . . DV1,j

2 DV2,1 DV2,2 . . . DV2,j

. . . . . . . . . . . . . . .

i DVi,1 DVi,2 . . . DVi,j

Σ Σ C1 Σ C2 . . . Σ Cj

where, DVi,j is the difference between the values of the indicator in the row (Ri) minus the indicator in
the column (Cj). The i and j subscripts are the row and column indicators, respectively. The sum of the
columns in the bottom row (ΣCj) is then used in the following Step 3c.

2.3.3. Step 3c: Determine Subjective Weights from Stakeholders

The calculations of the subjective indicator weights are to be performed using the well-known
Analytical Hierarchy Process (AHP) technique. The method aims to produce weights for criteria, based
on qualitative ranking data from decision-makers [38]. Using the output of Step 3b, to calculate the
values of the normalised matrix, the following formula is used:

NVi,j =
DVi,j

Σ Cj
, (3)

The indicator weight is calculated using the arithmetic mean of the normalised values for each
row (NVi):

Ii = NVi =
1
n

∑
n
i=1NVi (4)

To obtain the exact weights, iterations must be performed until the new weights obtained do
not change significantly from the value previously calculated. To do so, the set of weights must be
multiplied by the original matrix of pairwise comparisons:

RVi =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

I1

I2
...
Ii

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

DV1,1 DV1,2 . . . DV1,j

DV2,1 DV2,2 . . . DV2,j
...

... . . .
...

DVi,1 DVi,2 . . . DVi,j

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (5)

Ǐi =
RVi∑

RVi
, (6)

The normalised matrix of pairwise comparisons should look like the following:
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Normalised Values (NVi,j)
1st Weights Iterations Final Weights

Ĉj

1 2 . . . j Ii=
¯

NVi
RVi

ˇ
Ii

R̂i

1 NV1,1 NV1,2 . . . NV1,j I1 RV1 Ǐ1

2 NV2,1 NV2,2 . . . NV2,j I2 RV2 Ǐ2

. . . . . . . . . . . . . . . . . . . . . . . .

i NVi,1 NVi,2 . . . NVi,j Ii RVi Ǐi

Σ Σ Ĉ1 Σ Ĉ2 . . . Σ Ĉj Σ Ii = 1 Σ RVi Σ Ǐi = 1

where, NVi,j, calculated using Equation (3), is the normalised value of the indicator in the row (R̂i) and
the column (Ĉj). The sum of the normalised columns (Ĉj) must be equal to one. Ii is the (subjective)
weight for indicator i, obtained through Equation (4). RVi is the revised (weight) value for indicator i,
calculated using Equation (5). Ǐi is the final weight for indicator i, calculated using Equation (6).

2.4. STEP 4: Construct Objective Weight Vectors

As opposed to the subjective weight which refers to the stakeholders’ ranking of indicators, the
objective weight vectors refer to the CE scenarios weights, the rankings being built by the researcher.
Case study application of this step is shown in Section 3.5.

2.4.1. Step 4a: Rescale Scenarios Performance

In order to prevent significant differences in the pairwise comparisons resulting in disproportional
weights and the ranking of CE scenarios, the data needs to be rescaled. To do this, the ‘priority scale’ is
considered again. However, the ranking of the CE scenarios is based on their expected performance for
each CE indicator. The number of levels to use needs to be determined by setting a maximum allowed
weight for a single scenario and by using Equation (7) ([15], p.2376).

1 = y+(y/c) × (x− 1),
c =(x− 1)/((1/y)−1),

(7)

where y is the maximum allowed weight (i.e., the worst case where all scenarios are ranked in the
lowest level except one, which is ranked as the topmost), x is the number of scenarios being compared,
and c is the number of levels in the new scale. The data from the CE built scenarios must now be linearly
rescaled using the following equations, depending whether the indicator’s aim is to be maximised or
minimised, respectively:

m′ = m− amin

amax − amin
× (dmax − dmin) + dmin, (8)

m′ = amin −m
amin − amax

× (dmin − dmax) + dmax, (9)

where amin and amax are the minimum and maximum range of the measurements, dmin and dmax are the
minimum and maximum range of the intended target rescaling, m ε [amin, amax] is the measurement
to be rescaled, and m′ is the rescaled measurement to the desired [dmin, dmax] range values.

2.4.2. Step 4b: Pairwise Comparison of Scenarios

To continue using the AHP technique, it is necessary to now pairwise compare the CE scenarios
in terms of their importance to each indicator [39]. This is done using Equations (1) and (2) according
to the explanation provided in Section 2.3.2. However, the only difference is that a matrix of pairwise
comparisons for all scenarios must now be elaborated for each indicator.
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2.4.3. Step 4c: Determine objective weights for scenarios

Similarly to calculating the subjective weights of stakeholders, the objective weights for scenarios
are calculated using the AHP technique (described in Section 2.3.3). Using again the outputs from
the previous steps—rescaling and pairwise comparing scenarios based on their performance for each
indicator—the utilisation of the ‘priority scale’ should facilitate its ranking and avoid inconsistencies.
The main difference is that since multiple matrices of pairwise comparisons were elaborated (one for
each indicator) in the previous step, the result will be a matrix of (objective) weights for scenarios,
rather than a vector.

2.5. STEP 5: Evaluation and Ranking

After both the subjective and objective weights are calculated, it must be ensured that they are
consistent. Thereafter, it is possible to determine the preferred order of the CE scenarios by the
stakeholders. Case study application of this step is shown in Section 3.6.

2.5.1. Step 5a: Calculate Inconsistency Ratios

There must be consistency in the preference judgements of both indicators and CE scenarios.
Having used the ‘priority scale’ [15], any inconsistency should have been avoided; however, this must
be verified by calculating the Inconsistency Ratio (IR). Its maximum value must be below 10% for
the judgements to be considered acceptable, otherwise they are considered to be purely random and
unreliable. The IR is given by the following formulas [15,38,40]:

CI =
∑

RVi − k
k− 1

, (10)

IR =
CI
RI

, (11)

where, CI is the consistency index; ΣRVi is the sum of the revised (weight) values for indicator i
(also known as the maximum Eigenvalue of the matrix) calculated using Equation (5); k is the matrix
dimension; and RI is the random index based on a mean CI value for purely random matrices, given in
Saaty ([41], p.966).

2.5.2. Step 5b: Determine Preference Order of Scenarios

To determine the preference order of CE scenarios, a preferability index is determined using the
previously obtained weighting vectors for stakeholders and for CE scenarios. The preferability index
is calculated by multiplying the (stakeholders) subjective vector weights (Step 3c) and the (scenarios)
objective matrix weights (Step 4c), producing the preferability index vectors:

PIx =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ix,1

Ix,2
...

Ix,i

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

S1,1 S1,2 · · · S1,i

S2,1 S2,2 · · · S2,i
...

... · · · ...
Sm,1 Sm,2 · · · Sm,i

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

S1,1Ix,1 + S1,2Ix,2 + . . .+ S1,nIx,i

S2,1Ix,1 + S2,2Ix,2 + . . .+ S1,nIx,i
... +

... + . . .+
...

Sm,1Ix,1 + Sm,2Ix,2 + . . .+ Sm,iIx,i

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(12)

where PIx is the preferability indexes of stakeholder x, Ix,i ε (0 ≤ Ix,i ≤ 1) is the stakeholder x subjective
weight for indicator i, and Sm,i ε (0 ≤ Sm,i ≤ 1) is the objective weight for CE scenario m and indicator
i. These indexes show, on a scale from 0 to 1, how preferable the CE scenarios are to each stakeholder;
their total when summed must be equal to 1.

2.6. STEP 6: Competitive and Cooperative Analysis

Once the preferred order of scenarios has been determined, a competitive and cooperative analysis
is performed to enhance the possibilities of stakeholders cooperating (and continue cooperating)
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towards achieving their combined most preferred CE scenario. Case study application of this step is
shown in Section 3.7.

2.6.1. Step 6a: Use Equilibrium Methods

Non-Cooperative Game Theory (NCGT) uses equilibrium methods to facilitate the most probable
outcomes in interactive decision-making, in which the behaviour of stakeholders can be predicted
since they prioritise their own objectives. The preferability indexes obtained from the last step are now
utilised to construct the payoffs of each stakeholder; these represent the levels of satisfaction obtained
from the combined preference selection of all stakeholders. The combined preferences are calculated
as follows:

ϕs =
∑

s
x=1(PIx,m), (13)

where ϕs is the combined preference of the CE scenarios (s) for stakeholders x, respectively, and PIx,m

is the preferability index of stakeholder x for CE scenario m. In other words, ϕs is the sum of one
preferability index on any CE scenario for each of the five stakeholders. The objective of calculating
the preferences of stakeholders is to analyse them using GT techniques. In order to do so, the payoffs
for the NCGT analysis need to be constructed:

∏
x
s , m = ϕs × PIx,m, (14)

where
∏x,m

s is the payoff for stakeholder x if scenario m is their chosen alternative and given the
combined preferences ϕs as calculated from Equation (13). Thus, m must coincide with the scenario in
the combined preference for stakeholder x.

A Nash equilibrium [42] finds the combination of stakeholder preferences to scenarios which gives
the highest possible level of satisfaction to each stakeholder. It also helps understand how stakeholders
would not be motivated to change their scenario selection, i.e., such action would result in decreasing
their (and other stakeholders) obtained satisfaction. If a state is stable under several equilibrium
methods, it is highly likely to be the final resolution of a game [43]. Four different methods are used
in the software to compute the Nash equilibrium. For the detailed methods, refer to the literature
as follows:

1. Pure strategy equilibria [44,45];
2. Minimising Lyapunov function [46];
3. Global Newton tracing [47];
4. Solving systems of polynomial equations [48].

2.6.2. Step 6b: Apply Allocation Method

Once the equilibriums are obtained, applying allocation methods can help in preventing the
potentially formed coalitions from being abandoned by the stakeholders in the future. To do so, the
benefits of the participants must be assigned adequately. In this framework, the proportional gains of
stakeholders from the payoffs of the selection of the combined preferences of CE scenarios above are
called benefits. These are constructed as follows:

βx,m
s =

∏
s
×
∏

x,m
s , (15)

where the arithmetic mean of the payoffs for all stakeholders in the selected coalition (
∏

s) multiplied
by the respective payoff of stakeholder x (

∏x,m
s ) is the benefit for stakeholder x (βx,m

s ). In other words,
the benefit is the proportional gain of each stakeholder from the payoffs obtained for the combined
preference of scenarios.

Cooperative Game Theory (CGT) is able to efficiently and equitably assign benefits and costs to a
set of stakeholders (called coalitions) instead of optimising each of them separately [49]. The CGT
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allocation method used is the well-known Shapley value [50], which assumes participants agree to
behave cooperatively and assigns each of them their marginal contribution to the coalition they join.

For the benefit allocation method, the data to use as input is the sum of benefits for each possible
coalition (

∑s
x=1 β

x,m
s ). The application of this method is performed using the R programming package

‘GameTheory’ to solve cooperative games [51]. The results for the Shapley value are obtained with R
version 3.5.1 on Windows 10 version 1903. For a detailed description of the Shapley value method,
refer to [50,51]. The Shapley value results are then compared with the original coalition total worth to
reach the fairest distribution of the computed benefits. This final step yields a best allocation of “levels
of satisfaction”, and by tracing back the indicators which resulted as the highest weighted, focusing on
increasing their performance would increase further the respondents’ satisfaction. This provides the
necessary evidence to increase the participants’ satisfaction and encourage cooperation.

3. Case Study

3.1. General Overview

Tyseley Energy Park (TEP) in Birmingham, UK, is a renowned project aiming to adopt and develop
sustainable energy generation technologies for the city at a time when its current EfW MSWM contract
was due to expire (in 2019). Opportunities to embrace CE arise from such vast amounts of waste being
at risk of remaining untreated. The land where the project is to be developed is privately owned and
many business tenants are currently settled at the site. Other companies have private interests on
settling businesses therein with IS potential and universities are interested in the research opportunities
arising around renewable energies. The local government owns the incineration facilities and has
a contract with a waste management operator to recover energy from a large portion of the MSW
collected in the city, yet there exist general environmental and societal concerns by local inhabitants.
Therefore, the local government and related companies have requested the help of consultancy services.
This provides an opportunity for embedding CE principles in the development of TEP and there is no
reason why this could not materialise if cooperation between stakeholders is achieved. Recent data
on the city’s MSWM [52] as depicted in Figure 2 shows that, even though Birmingham has one of
the lowest landfill rates in the UK, two-thirds of the MSW is still treated via incineration with energy
recovery. Despite annually producing 217 GWh of energy each year, this amount is equivalent to just
over 1% of the city’s total energy demand [52]. This casts doubt on the true circularity of the current
treatment, and suggests that opportunities for improving the city’s MSWM to be more aligned to CE
principles could be generated and should be embraced.

 
(a) (b) 

Figure 2. (a) Types of waste distribution for Birmingham; (b) Municipal Solid Waste (MSW) treatment
(2013/14) for Birmingham (percentage amounts by weight).
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3.2. STEP 1: Scope of study and stakeholders for TEP, Birmingham

3.2.1. Step 1a: Scope of the Study

Drawing on the description in the previous section, the scope of this study is to compare CE
MSWM future scenarios for TEP, Birmingham. The primary influencing factor is that the current EfW
plant in Tyseley is due to close, and CE opportunities arising from this have been widely discussed
in meetings with the city stakeholders. The Birmingham case study is an academic exercise using
a sub-set of real decision-makers from an ongoing process. The authors have performed solely as
external observers, although the outcomes are being shared with the wider set of decision-makers.

3.2.2. Step 1b: Stakeholder Selection

The respondents in this study included a consultant in ISs, a university researcher on CE
SMEs, a Tyseley ward local (community) representative, a steel sector company landowner in TEP,
and a representative of Birmingham and Solihull Local Enterprise Partnership (representing local
government). Drawing on the previous description of the problem and its elements, the respondents’
identities and any information that could enable them to be traced back is not revealed and they were
thus categorised in stakeholder groups as follows:

A. Companies—energy sector businesses in the TEP
B. Academic institutions
C. Local government
D. General public
E. Consultants—externals to the previous stakeholders who provide consultation services

3.3. STEP 2: Indicators selection and formulation of CE MSWM Scenarios

3.3.1. Step 2a: Indicators Selection

Applying Step 2 of the methodology (Section 2.2), the selected indicators for the case study are
shown in Table 1. They have been selected through an extensive and thorough literature review. Their
choice was based on being understandable, pragmatic, relevant, representative and able to assess a
sustainability dimension (i.e., they all comply with the five recommended properties, see Section 2.2.1)
and are deemed appropriate to the scale (i.e., city and eco-industrial park levels). In order to study
the three acknowledged dimensions of CE and sustainability, three main indicator categories were
selected (i.e., economic (indicators 1 to 3), environmental (indicators 4 to 7) and social (indicators 8 and
9). The appropriate units of measure and underpinning objective of the indicator (i.e., to minimise
versus maximise the quantity) are shown. For example, indicator 1, Investment cost, is one of the
most commonly used economic indicators [53]. It was set to be minimised, in line with Behera et
al.’s [54] framework arguing that research performed in EIPs (as in TEP) is meant to be developed into
a business (profit-led activities), thus aiming to reduce costs.
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Table 1. Indicators adopted for the evaluation of Circular Economy (CE) waste management scenarios.

No. Indicator Unit Description Objective

1 Investment cost £M/yr It is the £million invested in a project. Minimise

2 GVA 1 impact £M/yr It measures the total annual added
production value at the end of the year. Maximise

3 Payback months It indicates the time required for a
project to recover the investment. Minimise

4 Carbon emissions
mitigation CO2 kt/yr

It reflects the amount of CO2 emissions
in kilotonnes that are reduced/saved

yearly.
Maximise

5 MSW generation
reduction % It measures the MSW generated in

comparison to a previous year. Maximise

6 Recycling rate of
MSW %

It measures the recycling rate of MSW,
and the level of materials re-used and

recycled in the city.
Maximise

7 Landfill rate of
MSW % It measures the rate of MSW that is not

diverted from disposal in the city. Minimise

8 Jobs creation # It measures new jobs created per
annum. Maximise

9 Public awareness
and satisfaction %

It expresses the overview of opinions
related to the MSWM system by the

local population.
Maximise

1 GVA—Gross Value Added.

3.3.2. Step 2b: Construct Possible Scenarios

The indicators are used to set performance levels within the future scenarios as shown in Table 2.
(Note, the user could use more indicators than those shown here; an abridged set is used herein to
aid understanding of the method). These values are not predictions but merely suggestions of likely
future performance for the year 2030 drawn from data [55,56]. The supporting narrative for these
values within each scenario has once again been removed for clarity.

Table 2. Future CE scenarios matrix for Municipal Solid Waste Management (MSWM) in
Birmingham, UK.

Type No. Indicator
Scenarios Unit

MF PR NSP FW

Economic
1 Investment cost 46.4 53.8 60.6 43.1 £M/yr

2 GVA impact 12.5 15.0 17.0 12.0 £M/yr

3 Payback 180.0 300.0 360.0 240.0 months

Environmental

4 Carbon emissions mitigation 45.0 55.0 65.0 35.0 CO2 kt/yr

5 MSW generation reduction 7.0 8.5 10.0 3.0 %

6 Recycling rate of MSW 31.5 40.0 50.0 30.0 %

7 Landfill rate of MSW 6.0 2.5 1.0 5.0 %

Social
8 Jobs creation 1157.0 1469.0 1836.0 1101.0 #

9 Public awareness and satisfaction 44.0 56.0 70.0 42.0 %
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3.4. STEP 3: Subjective Weights for Indicators

3.4.1. Step 3a: Stakeholders Rank Indicators

In this step, the five critical stakeholder groups (shown as A to E in Table 3) were asked to rank
the selected nine indicators (using a priority scale, see Section 2.2.1). Stakeholders were told not to
use the same ranking number more than once; however, they were allowed to have more than one
indicator with the same level of relevance. For example, stakeholder A and D gave indicators 1 and 3
the highest ranking of 9, likewise stakeholder C and E gave indicators 5, 6 and 7 an equal ranking of 3.
None of the stakeholders deemed any indicator to be irrelevant.

Table 3. The indicators key on the left and stakeholders’ responses on the right.

Stakeholders’ Responses
Type No. Indicator Rank Value

A B C D E

Economic
1 Investment cost 9 1, 3 5 2 1,3 2
2 GVA impact 8 8 6, 7 8 4, 9 1
3 Payback 7 9 3 1 3
4 Carbon emissions mitigation 6 2 4 4
5 MSW generation reduction 5 4, 5, 6, 7 1 9 8, 9
6 Recycling rate of MSW 4 8 3 4Environmental

7 Landfill rate of MSW 3 9 5, 6, 7 2, 5, 6, 7 5, 6, 7

Social
8 Jobs creation 2 2 8

9 Public awareness and
satisfaction 1

3.4.2. Step 3b: Pairwise Comparison of Stakeholder Scores

The priority scale helped the stakeholders to simplify the process of pairwise comparing the
selected indicators Table 4. A pairwise comparison matrix was produced from the filled-in priority
scales Table 3 and by applying Equations (1) and (2). It is not possible to show the calculations for
all pairwise comparisons of all 9 indicators and all 5 stakeholders, as there would need to be a total
of n × (n − 1)/2 comparisons made. Hence, the set of pairwise comparisons for stakeholder B are
shown in Table 4. For illustration, calculations associated with indicator 1 (i.e., Investment cost) are
shown. For the first calculation, it can be seen from Table 3 (shaded in light grey) that stakeholder B
gave Investment cost (R1) a value of 5, and again Investment cost (C1) a value of 5, hence the value of
DV1,1 = 1 + (R1 −C1) = 1 + (5− 5) = 1, likewise:

DV2,1 =
1

(1 + |R2 −C1|) =
1

(1+|2− 5|)= 1/4

DV3,1 = 1 + (R3 −C1) = 1 + (7− 5) = 3

DV4,1 = 1 + (R4 −C1) = 1 + (6− 5) = 2

DV5,1 = 1 + (R5 −C1) = 1 + (9− 5) = 5

DV6,1 = 1 + (R6 −C1) = 1 + (8− 5) = 4

DV7,1 = 1 + (R7 −C1) = 1 + (8− 5) = 4

DV8,1 =
1

(1 + |R8 −C1|) =
1

(1 + |4− 5|) = 1/2

DV9,1 =
1

(1 + |R9 −C1|) =
1

(1 + |3− 5|) = 1/3
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It must be noted that the DVi,j values in the diagonal should be ones, because the comparisons
between the indicator in the column minus the indicator in the row results in a subtraction of the
exact same indicator plus one. Also, the values below the diagonal (shaded in dark grey) must mirror
reciprocally those above it, because these comparisons are between the same indicators, but oppositely.

3.4.3. Step 3c: Determine Subjective Weights from Stakeholders

Using the outputs from Step 3b, the AHP technique is now applied. For illustration, the examples
to be used are the shaded cells in Table 5. First, the normalised matrix of pairwise comparisons is
calculated using Equation (3) and data from Table 4, the normalised value of the comparison between
indicator 1 and indicator 1 is: NV1,1, =

DV1,1
C1

= 1
20 = 0.050. The process is repeated to fill in the table.

Second, the first weight for indicator 1 can be obtained using Equation (4), being the arithmetic mean
of the row of indicator 1 (R̂i):

I1 =
1
9

∑
9
i=1NVi =

1
9
(0.500 + 0.93 + 0.035 + 0.035 + 0.062 + 0.045 + 0.075 + 0.087) = 0.0585

Table 5. Example normalised matrix of pairwise comparisons for stakeholder B.

Row
Indicators

Ĉj 1st Weights Iteration 1 2nd Weights
Ĉ1 Ĉ2 Ĉ3 Ĉ4 Ĉ5 Ĉ6 Ĉ7 Ĉ8 Ĉ9

R̂i

R̂1 0.050 0.093 0.035 0.035 0.062 0.045 0.045 0.075 0.087 0.0585 0.5363 0.0568
R̂2 0.012 0.023 0.018 0.014 0.039 0.026 0.026 0.012 0.014 0.0205 0.1873 0.0198

R̂3 0.149 0.140 0.106 0.140 0.104 0.089 0.089 0.149 0.145 0.1235 1.1695 0.1240

R̂4 0.100 0.116 0.053 0.070 0.078 0.060 0.060 0.112 0.116 0.0848 0.7912 0.0839

R̂5 0.249 0.186 0.317 0.280 0.311 0.358 0.358 0.224 0.203 0.2761 2.6173 0.2774

R̂6 0.199 0.163 0.212 0.210 0.155 0.179 0.179 0.186 0.174 0.1841 1.7553 0.1861

R̂7 0.199 0.163 0.212 0.210 0.155 0.179 0.179 0.186 0.174 0.1841 1.7553 0.1861

R̂8 0.025 0.070 0.026 0.023 0.052 0.036 0.036 0.037 0.058 0.0403 0.3661 0.0388

R̂9 0.017 0.047 0.021 0.018 0.044 0.030 0.030 0.019 0.029 0.0282 0.2554 0.0271

ΣĈj 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.0000 9.4337 1.0000

This 0.0585 value represents, on a scale from zero to one, how much stakeholder B considers
indicator 1 to be worth in comparison with the rest of the indicators. To find the exact weights, several
iterations must be performed. For illustration, only the first iteration is performed. Equation (5) is
applied to multiply the 1st weight’s vector by the original matrix of pairwise comparisons (Table 4).
Thus, the revised (weight) value for indicator 1 (RV1) is given by: RV1 =

∑9
i=1 (Ii ×DV1,j) = I1 ×DV1,1 +

I2 ×DV1,2 + I3 ×DV1,3 + I4 ×DV1,4 + I5 ×DV1,5 + I6 ×DV1,6 + I7 ×DV1,7 + I8 ×DV1,8 + I9 ×DV1,9:

RV1 = 0.0585× 1 + 0.0205× 4 + 0.1235× 1
3 + 0.0848× 1

2 + 0.2761× 1
5 + 0.1841× 1

4 + 0.1841× 1
4

+0.0403× 2 + 0.0282× 3 = 0.5363

With the revised values, they must be normalised using Equation (6). Thus, this gives the second
weight value for indicator 1: Ǐ1 = RV1

RVi
= 0.5363

9.4337 = 0.0568.
Note that the sum of the indicator weights must be equal to one. The process iterates until

the newly calculated weights are not significantly different to those previously computed. The final
subjective weight vectors for all five stakeholders are shown in Table 6. The bottom row is the IR
calculated for the final weights; this will be explained in Section 3.6.1. The calculations were performed
with the aid of an adapted Excel template [57].
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Table 6. Subjective weight vectors for stakeholders.

Stakeholders
Type No. Indicator

A B C D E

Economic
1 Investment cost 0.2465 0.0564 0.1540 0.2518 0.2282
2 GVA impact 0.0694 0.0200 0.3132 0.0335 0.3194
3 Payback 0.2465 0.1232 0.0465 0.2518 0.1614
4 Carbon emissions mitigation 0.0412 0.0832 0.1052 0.1701 0.0483
5 MSW generation reduction 0.0412 0.2799 0.0296 0.0335 0.0304
6 Recycling rate of MSW 0.0412 0.1858 0.0296 0.0335 0.0304Environmental

7 Landfill rate of MSW 0.0412 0.1858 0.0296 0.0335 0.0304

Social
8 Jobs creation 0.1642 0.0386 0.2217 0.0220 0.0756

9 Public awareness and
satisfaction 0.1087 0.0271 0.0707 0.1701 0.0756

IR 1.1717% 2.4673% 2.6644% 1.3273% 2.5760%

3.5. STEP 4: Objective Weights for CE MSWM Scenarios

3.5.1. Step 4a: Rescale Scenarios Performance

Before being able to pairwise compare the scenarios, their suggested performances need to be
rescaled into the ‘priority scale’ range. However, first, the maximum number of rankings needs to be
determined. By substituting in Equation (7): four being the number of scenarios (“x”), and 0.5 the
maximum allowed weight for a single scenario (“y”). Thus, three is the maximum times that a scenario
is allowed to be more important than another. The number of levels to use (“c”) is three (the top 9 to 7
from the ‘priority scale’):

c =(4− 1)/((1/0.5)−1) = 3

Using Equations (8) and (9), the data for CE scenarios in Table 2 are rescaled and shown in Table 7.
For example, for indicator 1, Investment cost, to rescale the scenario values in Table 2 the formula to
use is Equation (9) because the objective of the indicator is to be minimised as follows:

MF′1 =
43.1− 46.4
43.1− 60.6

× (7− 9) + 9 = 8.6

PR′1 =
43.1− 53.8
43.1− 60.6

× (7− 9) + 9 = 7.8

NSP′1 =
43.1− 60.6
43.1− 60.6

× (7− 9) + 9 = 7.0

FW′1 =
43.1− 43.1
43.1− 60.6

× (7− 9) + 9 = 7.0

Table 7. Rescaled suggested performance of CE scenarios.

Indicators

Investment
Cost

GVA
impact

Payback
Carbon

Emissions
Mitigation

MSW
Generation
Reduction

Recycling
Rate of
MSW

Landfill
Rate of
MSW

Jobs
Creation

Public
Awareness and

Satisfaction

Scenarios C1 C2 C3 C4 C5 C6 C7 C8 C9

MF 8.6 7.2 9.0 7.7 8.1 7.2 7.0 7.2 7.1
PR 7.8 8.2 7.7 8.3 8.6 8.0 8.4 8.0 8.0

NSP 7.0 9.0 7.0 9.0 9.0 9.0 9.0 9.0 9.0
FW 9.0 7.0 8.3 7.0 7.0 7.0 7.4 7.0 7.0

Values in between the levels (top 9 to 7 from the ‘priority scale’) are used, thus the first decimal
rounded figure is used for further AHP calculations.

3.5.2. Step 4b: Pairwise Comparison of Scenarios

Similar to pairwise comparison of the stakeholders rankings, the scenarios rescaled performances
are pairwise compared using the ‘priority scale’ according to each indicator individually. This process
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used the output from the previous step Table 8 to create the matrices for each indicator. For illustration
purposes, only the matrix for indicator 1, Investment cost, is presented in Table 8. The rest of the
indicators have their own matrix of pairwise comparisons; while they are not presented in this paper,
they follow the same calculating procedure. For the first calculation in Table 8, it can be seen from
Table 7 (shaded in light grey) that for indicator 1, Investment cost (C1) and scenario MF, the rescaled
value of the MF scenario is 8.6, and again the rescaled value of the MF scenario is 8.6, hence the
difference value is:

DVMF,MF = 1 + (MF1 −MF1) = 1 + (8.6− 8.6) = 1.000, likewise :

DVPR,MF =
1

(1 + |PR1 −MF1|) =
1

(1 + |7.8− 8.6|) = 0.556

DVNSP,MF =
1

(1 + |NSP1 −MF1|) =
1

(1 + |7.0− 8.6|) = 0.385

DVFW,MF = 1 + (FW1 −MF1) = 1 + (9.0− 8.6) = 1.400

Table 8. Example matrix of pairwise comparisons of scenarios for indicator 1, Investment cost.

Indicator 1:
Investment Cost

Column Scenarios

Cj

Row scenarios MF PR NSP FW

Ri

MF 1.000 1.800 2.600 0.714
PR 0.556 1.000 1.800 0.455

NSP 0.385 0.556 1.000 0.333
FW 1.400 2.200 3.000 1.000
ΣCj 3.340 5.556 8.400 2.502

3.5.3. Step 4c: Determine Objective Weights for Scenarios

The AHP technique is similarly applied to determine the objective weights of scenarios. For
illustration, the examples to be used are the shaded cells in Table 9. First, the normalised matrix of
pairwise comparisons is calculated using Equation (3) and data from Table 8. The normalised value

of the comparison for indicator 1 between scenario MF and scenario MF is: NVMF,MF =
DVMF,MF∑

CMF
=

1
3.340 = 0.299. The process is repeated to fill in the table. Second, the first weight for indicator 1 and
scenario MF can be obtained using Equation (4), being the arithmetic mean of the row of scenario MF:

SMF,1 =
1
4

4∑
i=1

NVMF,i =
1
4
(0.299 + 0.324 + 0.310 + 0.285) = 0.3046

Table 9. Example normalised matrix of pairwise comparisons of CE scenarios for indicator 1.

Ĉj 1st Weights Iteration 1 2nd WeightsRow Scenarios
ĈMF ĈPR ĈNSP ĈFW

R̂i

R̂MF 0.299 0.324 0.310 0.285 0.3046 1.2231 0.3048
R̂PR 0.166 0.180 0.214 0.182 0.1856 0.7438 0.1853

R̂NSP 0.115 0.100 0.119 0.133 0.1169 0.4681 0.1166

R̂FW 0.419 0.396 0.357 0.400 0.3930 1.5782 0.3933

ΣĈj 1.000 1.000 1.000 1.000 1.0000 4.0132 1.0000
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To find the exact weights, several iterations must be performed. For illustration, only the first
iteration is presented. Equation (5) is applied to multiply the 1st weight’s vector by the original matrix
of pairwise comparisons (Table 8). Thus, the revised weight value for scenario MF and indicator 1 is:

RVMF,1 =
4∑

i=4
(Si,1 ×DVMF,i) = SMF,1 ×DVMF,MF + SPR,1 ×DVMF,PR + SNSP,1 ×DVMF,NSP + SFW,1 ×DVMF,FW

RVMF,1= 0.3046× 1.000 + 0.1856× 1.800 + 0.1169× 2.600 + 0.3930× 0.714 = 1.2231

The revised values must be normalised using Equation (6). Thus, this gives the second weight

value for scenario MF and indicator 1: ŠMF,1 =
RVMF,1∑

RVi
= 1.2231

4.0132 = 0.3048.
Table 10 presents the final objective weight matrix for all four CE scenarios and all nine indicators

after the necessary iterations. Each weight represents the performance of the scenario in comparison to
the rest of the scenarios for each indicator individually. The rightmost column is the IR calculated for
the final weights (this is addressed in Section 3.6.1).

Table 10. Objective weight matrix for the CE scenarios.

Scenarios

Indicators 1 MF PR NSP FW IR

1 Investment Cost 0.3047 0.1853 0.1167 0.3933 0.3859%
2 GVA Impact 0.1509 0.2781 0.4387 0.1323 0.4302%
3 Payback 0.4182 0.1860 0.1221 0.2736 0.4564%
4 Carbon Emissions Mitigation 0.1860 0.2736 0.4182 0.1221 0.4564%
5 MSW Generation Reduction 0.2108 0.2934 0.3825 0.1132 0.3526%
6 Recycling Rate of MSW 0.1552 0.2580 0.4511 0.1357 0.4420%
7 Landfill Rate of MSW 0.1253 0.2939 0.4200 0.1607 0.4018%
8 Jobs Creation 0.1552 0.2580 0.4511 0.1357 0.4420%
9 Public Awareness and Satisfaction 0.1479 0.2606 0.4534 0.1381 0.4466%

Total 1.8542 2.2871 3.2539 1.6049
1 Note that the columns and rows of the matrix have been transposed for presentation purposes.

3.6. STEP 5: Ranking Order of the CE Scenarios

3.6.1. Step 5a: Calculate Inconsistency Ratios

The use of the ‘priority scale’ has ensured that there are no inconsistencies in the rankings.
However, this must be verified using Equations (10) and (11). For illustration, the IR of the scenarios’
comparison for indicator 1 (IR1) will be explained. The final iteration resulted in the maximum
Eigenvector or sum of revised values being

∑
RV1 = 4.0104 (very similar to that in the first iteration in

Table 9; the matrix dimension is 4; and the RI for a matrix of such dimension is 0.89 (obtained from [41]).
Thus, the IR1 is as follows:

CI1 =

∑
RV1 − k
k− 1

=
4.0104− 4

4− 1

IR1 =
CI1

RI4
=

0.0035
0.89

= 0.3859%

All the IR values for both the final subjective and objective weights were presented above in the
lowest row and the rightmost column in Tables 6 and 10, respectively. The IR values are well below the
maximum acceptable value (IR < 10%).

3.6.2. Step 5b: Determine preference order of scenarios

To reveal the preference order of the CE scenarios for each stakeholder, the preferability indexes
are calculated. Using Equation (12), the indexes for each stakeholder are shown in Table 11, and below
them, their ranking order. The sum of the preferability indexes must be 1 for each stakeholder. For

97



Energies 2020, 13, 1845

example, the preferability index for stakeholder B for the MF scenario (PIB,MF) (shaded in light grey in
Table 11) is the sum of all the products of each subjective weight (Ix,n) (shaded in Table 6 multiplied by
the objective weight SMF,n (shaded in Table 10) for the MF scenario and indicator n:

PIB,MF =
∑

9
n=1(IB,n × SMF,n),

PIB,MF = IB,1 × SMF,1 + IB,2 × SMF,2 + IB,3 × SMF,3 + IB,4 × SMF,4 + IB,5 × SMF,5 + IB,6 × SMF,6

+IB,7 × SMF,7 + IB,8 × SMF,8 + IB,9 × SMF,9

PIB,MF = 0.0564 × 0.3047 + 0.0200 × 0.1509 + 0.1232 × 0.4182 + 0.0832 × 0.1860 +
0.2799 × 0.2108 + 0.1858 × 0.1552 + 0.1858 × 0.1253 + 0.0386 × 0.1552 +

0.0271 × 0.1479 = 0.208

Table 11. Preferability indexes and ranking for the CE scenarios for each stakeholder.

Scenarios
Stakeholders

A B C D E

MF
0.258 0.208 0.193 0.264 0.232
(2nd) (3rd) (3rd) (2nd) (3rd)

PR
0.228 0.263 0.254 0.228 0.239
(4th) (2nd) (2nd) (4th) (2nd)

NSP
0.281 0.364 0.374 0.275 0.313
(1st) (1st) (1st) (1st) (1st)

FW
0.233 0.164 0.180 0.233 0.215
(3rd) (4th) (4th) (3rd) (4th)

3.7. STEP 6: GT Analysis

3.7.1. Step 6a: Use equilibrium Methods

Using the preferences of scenarios above, all their possible combinations for the four CE scenarios
and the five stakeholders are calculated (45 = 1024 combinations). For example, using Equation (13)
and data from Table 11, the combined preference of stakeholder A to MF, B to FW, C to NSP, D to FW
and E to PR is given by:

ϕMF,FW,NSP,FW,PR =
∑

PIA,MF + PIB,FW + PIC,NSP + PID,FW + PIE,PR

ϕMF,FW,NSP,FW,PR =
∑

0.258 + 0.164 + 0.374 + 0.233 + 0.239 = 1.270

The total number of payoffs to be calculated are five (one for each stakeholder) per combined preference
(i.e., 1,024 × 5 = 5120 payoffs). For example, from Equation (14), the payoffs vector for the combined
preference in the example above is:

∏
A,MF
MF,FW,NSP,FW,PR = ϕMF,FW,NSP,FW,PR × PIA,MF = 1.270× 0.258 = 0.328

∏
B,FW
MF,FW,NSP,FW,PR = ϕMF,FW,NSP,FW,PR × PIB,FW = 1.270× 0.164 = 0.209

∏
C,NSP
MF,FW,NSP,FW,PR = ϕMF,FW,NSP,FW,PR × PIC,NSP = 1.270× 0.374 = 0.475

∏
D,FW
MF,FW,NSP,FW,PR = ϕMF,FW,NSP,FW,PR × PID,FW = 1.270× 0.233 = 0.296

∏
E,PR
MF,FW,NSP,FW,PR = ϕMF,FW,NSP,FW,PR × PIE,PR = 1.270× 0.239 = 0.304
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∏
MF,FW,NSP,FW,PR = [0.328, 0.209, 0.475, 0.296, 0.304],

The NCGT equilibrium analysis of payoffs for the stakeholders is performed using the open-access
software Gambit (Version 15.1.1, The Gambit Project, Norwich, UK). These payoffs are a representation
of the level of satisfaction obtained by each stakeholder for that specific combination of alternative
scenarios. Thus, it is of great relevance to uncover the set or the single combination of scenarios which
brings an equilibrium to the interactive decision-making. This means finding the highest possible
satisfaction to each stakeholder without decreasing that obtained by others. The results in Table 12
show that, as initially expected, the calculated Nash equilibrium for the majority of the methods is
when all stakeholders select the same NSP scenario (

∏
NSP,NSP.NSP,NSP,NSP). The payoffs are shown in

the row below the scenarios.

Table 12. Nash Equilibriums for the combined preferences of stakeholders.

Equilibrium Methods Nash Equilibriums Found
Stakeholders

A B C D E

Pure strategy Equilibria 1
NSP NSP NSP NSP NSP
0.453 0.585 0.602 0.442 0.504

Minimising Lyapunov
Function

0
- - - - -
- - - - -

Global Newton Tracing 1
NSP NSP NSP NSP NSP
0.453 0.585 0.602 0.442 0.504

Solving Systems of
Polynomial Equations 1

NSP NSP NSP NSP NSP
0.453 0.585 0.602 0.442 0.504

3.7.2. Step 6b: Apply Allocation Method

Once the Nash equilibrium is identified, the next step is to analyse how stakeholders should
arrange their satisfaction levels to prevent them from abandoning their (presumably) cooperative
behaviour. This is done by applying CGT allocation methods, which aim to distribute benefits fairly to
stakeholders in pre-emptive coalitions to protect cooperation.

For example, using Equation (15), the benefits of coalition ABCDE (where all stakeholders
cooperate and are allocated benefits) for the equilibrium result where all stakeholders select the NSP
scenario (

∏
NSP,NSP.NSP,NSP,NSP) is as follows:

∏
NSP,NSP,NSP,NSP,NSP = [0.453, 0.585, 0.602, 0.442, 0.504]

∏
NSP,NSP,NSP,NSP,NSP = 0.517

βA,NSP
NSP,NSP,NSP,NSP,NSP =

∑ ∏
NSP,NSP,NSP,NSP,NSP ×

∏A,NSP
NSP,NSP,NSP,NSP,NSP,NSP = 0.517× 0.453 = 0.234

βB,NSP
NSP,NSP,NSP,NSP,NSP =

∑ ∏
NSP,NSP,NSP,NSP,NSP ×

∏ B,NSP
NSP,NSP,NSP,NSP,NSP,NSP = 0.517× 0.585 = 0.302

βC,NSP
NSP,NSP,NSP,NSP,NSP =

∑ ∏
NSP,NSP,NSP,NSP,NSP ×

∏ C,NSP
NSP,NSP,NSP,NSP,NSP,NSP = 0.517× 0.602 = 0.311

βD,NSP
NSP,NSP,NSP,NSP,NSP =

∑ ∏
NSP,NSP,NSP,NSP,NSP ×

∏D,NSP
NSP,NSP,NSP,NSP,NSP,NSP = 0.517× 0.442 = 0.229

βE,NSP
NSP,NSP,NSP,NSP,NSP =

∑ ∏
NSP,NSP,NSP,NSP,NSP ×

∏ E,NSP
NSP,NSP,NSP,NSP,NSP,NSP = 0.517× 0.504 = 0.260

βNSP,NSP,NSP,NSP,NSP = [0.234, 0.302, 0.311, 0.229, 0.260]

The rightmost column in Table 13 shows the sum of the benefits for each coalition, or the total
worth of the coalition. It is essential to analyse every possible coalition that can be formed, i.e., from
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stakeholders working individually to the case where all of them behave cooperatively. Table 13 presents
all the possible coalitions to be formed and their βNSP,NSP,NSP,NSP,NSP benefits.

Table 13. Coalitions of stakeholders for obtained Nash equilibrium.

Payoffs
∏

NSP,NSP,NSP,NSP,NSP Benefits βNSP,NSP,NSP,NSP,NSP

A B C D E A B C D E
Coalition Name

NSP NSP NSP NSP NSP
∏̄

NSP NSP NSP NSP NSP
Σβ

A 0.453 0 0 0 0 0.453 0.205 0 0 0 0 0.205
B 0 0.585 0 0 0 0.585 0 0.342 0 0 0 0.342
C 0 0 0.602 0 0 0.602 0 0 0.362 0 0 0.362
D 0 0 0 0.442 0 0.442 0 0 0 0.196 0 0.196
E 0 0 0 0 0.504 0.504 0 0 0 0 0.254 0.254

AB 0.453 0.585 0 0 0 0.519 0.235 0.303 0 0 0 0.538
AC 0.453 0 0.602 0 0 0.527 0.239 0 0.317 0 0 0.556
AD 0.453 0 0 0.442 0 0.447 0.202 0 0 0.198 0 0.400
AE 0.453 0 0 0 0.504 0.478 0.216 0 0 0 0.241 0.457
BC 0 0.585 0.602 0 0 0.593 0 0.347 0.357 0 0 0.704
BD 0 0.585 0 0.442 0 0.514 0 0.300 0 0.227 0 0.527
BE 0 0.585 0 0 0.504 0.544 0 0.318 0 0 0.274 0.592
CD 0 0 0.602 0.442 0 0.522 0 0 0.314 0.231 0 0.545
CE 0 0 0.602 0 0.504 0.553 0 0 0.332 0 0.278 0.610
DE 0 0 0 0.442 0.504 0.473 0 0 0 0.209 0.238 0.447

ABC 0.453 0.585 0.602 0 0 0.546 0.247 0.320 0.329 0 0 0.896
ABD 0.453 0.585 0 0.442 0 0.493 0.223 0.289 0 0.218 0 0.730
ABE 0.453 0.585 0 0 0.504 0.514 0.232 0.300 0 0 0.259 0.791
ACD 0.453 0 0.602 0.442 0 0.499 0.226 0 0.300 0.221 0 0.747
ACE 0.453 0 0.602 0 0.504 0.519 0.235 0 0.312 0 0.262 0.809
ADE 0.453 0 0 0.442 0.504 0.466 0.211 0 0 0.206 0.235 0.652
BCD 0 0.585 0.602 0.442 0 0.543 0 0.318 0.327 0.240 0 0.885
BCE 0 0.585 0.602 0 0.504 0.563 0 0.330 0.339 0 0.284 0.953
BDE 0 0.585 0 0.442 0.504 0.510 0 0.298 0 0.226 0.257 0.781
CDE 0 0 0.602 0.442 0.504 0.516 0 0 0.310 0.228 0.260 0.798

ABCD 0.453 0.585 0.602 0.442 0 0.520 0.235 0.304 0.313 0.230 0 1.082
ABCE 0.453 0.585 0.602 0 0.504 0.536 0.242 0.313 0.322 0 0.270 1.147
ABDE 0.453 0.585 0 0.442 0.504 0.496 0.224 0.290 0 0.219 0.250 0.983
ACDE 0.453 0 0.602 0.442 0.504 0.500 0.226 0 0.301 0.221 0.252 1.000
BCDE 0 0.585 0.602 0.442 0.504 0.533 0 0.312 0.321 0.236 0.269 1.138

ABCDE 0.453 0.585 0.602 0.442 0.504 0.517 0.234 0.302 0.311 0.229 0.260 1.336

The Shapley value results are shown in Table 14. The fairest allocation of benefits corresponds
to the five-stakeholder coalition, in other words, when they decide to cooperate and remain in the
previously agreed alliance. The letter below each allocated benefit in Table 14 indicates whether it
should stay the same (S), increase (I) or decrease (D) compared to the originally claimed benefits in the
coalition in Table 13. The sum of the newly proposed distribution must be equal to the total worth of
the original coalition. The implications of these results are discussed in Section 4.

Table 14. Shapley value results for the benefits of stakeholders.

Benefits βNSP,NSP,NSP,NSP,NSP

Allocation Method
Stakeholders

Σβ
A B C D E

Shapley value 0.200 0.337 0.355 0.191 0.253
1.336(D) (I) (I) (D) (D)

4. Discussion

The total subjective weights for the indicators is depicted in Figure 3, in which it can be seen
that the environmental indicators have resulted as of the least concern. Previous findings [9] indicate
that industry stakeholders prefer economic indicators, whilst municipalities consider environmental

100



Energies 2020, 13, 1845

indicators as being more important. For this case study, recycling and landfill rates of MSW have
yielded the lowest weighted values, whereas the economic indicators resulted in the highest weight
values. Academic institutions are the most concerned with environmental indicators. The slightly
higher value for the reduction of carbon emissions might be related to the fact that Birmingham is
committed to reduce its carbon footprint by 60% by 2027 [55,58,59].

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Investment cost
GVA impact

Payback
Carbon emissions mitigation

MSW generation reduction
Recycling rate of MSW

Landfill rate of MSW
Jobs creation

Public awareness and satisfaction

A-Companies B-Academic Institutions
C-Local Government D-General Public
E-Consultants/Externals

Figure 3. Subjective weight values for stakeholders.

An unexpected finding is the low subjective weight for the Jobs creation indicator for the General
Public stakeholder (D). As mentioned by them during the interview: ‘( . . . ) it’s not just about jobs
creation, we need skilled jobs in the area, not simple jobs ( . . . )’. Conversely, the most important
indicators for the rest of the stakeholders were Investment cost and Payback. This reinforces the initial
expectations that the stakeholders’ conflicting viewpoints might be a barrier to cooperate and thus
reach the optimal scenario. The scenario that scored highest was NSP, followed by PR; MF was ranked
third and the FW scenario resulted as the lowest ranked of all (Figure 4).

 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

MF

PR

NSP
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Investment cost GVA impact
Payback Carbon emissions mitigation
MSW generation reduction Recycling rate of MSW
Landfill rate of MSW Jobs creation
Public awareness and satisfaction

Figure 4. Objective weight values for scenarios.
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NSP also resulted as the most preferred scenario for all stakeholders (Figure 5). This is in line
with previous observations where 70% or their interviewed stakeholders ranked highest the most
sustainable performing composting plant site alternative [15]. However, the second most preferred
scenario varied between stakeholders. For example: stakeholders A (Companies) and D (General
Public) ranked MF, FW and PR in second, third and fourth places, respectively. This means that they
prefer a business-as-usual and a breakdown scenario over a strong policy implementation. In contrast,
stakeholders B, C and E ranked PR, MF and FW in decreasing order. This suggested, before the GT
analysis, that stakeholders having NSP as their most preferred scenario would be willing to work
jointly towards it. However, it does not necessarily mean that their priorities are aligned, and that
cooperation would occur naturally.
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Figure 5. Preferability indexes for the CE scenarios for each stakeholder.

After the preferences of the stakeholders to the CE scenarios were revealed, the NCGT analysis
reported that, as expected, stakeholders achieve their maximum levels of satisfaction (payoff) when all
four of them select the NSP scenario, meaning this is a Nash equilibrium. If any of the participants were to
deviate from this selection unilaterally, not only would that result in a decrease for them, but it would also
result in a decrease to the rest of the stakeholders. This combined set of preferences (

∏
NSP,NSP,NSP,NSP,NSP)

was then used to calculate the benefits system for the stakeholders (βNSP,NSP,NSP,NSP,NSP) to enable the
CGT analysis to be carried out.

The first row in Table 15 indicates the benefits each stakeholder would obtain separately. This
implies there is no cooperation, and thus why there is no addition in the rightmost column. The second
row shows the benefits obtained by each stakeholder if they all join a coalition and cooperate, with the
letters below each entry showing how the benefits obtained compared to the previous benefits—some
stakeholders (A, D and E) can increase their benefits whilst the rest (B and C) exhibit a decrease. In the
bottom row, the Shapley value assigns benefits differently, with the letters below indicating how this
new allocation compares with the previous case in which all stakeholders cooperate (ABCDE).
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Table 15. Coalition distributions of benefits for stakeholders.

Benefits βNSP,NSP,NSP,NSP,NSP

Coalition
Stakeholders

Σβ
A B C D E

Independently 0.205 0.342 0.362 0.196 0.254

ABCDE
0.234 0.302 0.311 0.229 0.260

1.336(I) (D) (D) (I) (I)

Shapley
value

0.200 0.337 0.355 0.191 0.253
1.336(D) (I) (I) (D) (D)

The Shapley value results in lower assignations to all stakeholders than if they work on their
own (i.e., when a single stakeholder is considered in five different coalitions, shown in the first row in
Table 15). Compared to the values for the ABCDE coalition, the benefit allocation for stakeholders
B and C is suggested to increase, because according to the Shapley value definition, their allocation
is influenced by their contribution to the coalition. In other words, it is a representation of their
bargaining power and, as shown in their independent and ABCDE values, their contributions are the
highest. Likewise, Figure 6 helps to visualise these comparisons and shows how the Shapley value is
assigning the minimum satisfaction to prevent them from abandoning the coalition.
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Figure 6. Comparison of coalition distributions.

This is an ideal recommended distribution that would give all stakeholders benefits; otherwise
the benefits would only be distributed amongst those who entered a coalition. Some participants (A,
D and E) are suggested to decrease their degree of benefit in order to maintain the coalition, since
otherwise the other stakeholders might be too unsatisfied with the outcome (their share of the benefits)
and believe that their benefits might increase by working on their own (which would not be possible
because the entire payoffs model would disintegrate). Thus, some stakeholders are expected to forego
a part of their benefits in order that the benefits would be allocated more fairly, while those who
contribute more to the coalition can expect to receive higher benefits. This expected increase and
decrease of benefits is consistent with previously reported research [60], which show a fair sharing of
savings in energy from intercompany heating and cooling integration.

Finally, these results mean that increasing the satisfaction of stakeholders B and C could ensure
successful cooperation. To do that it is recommended to trace back those indicators which these
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stakeholders find more important and work on maximising their performance depending on their
objective. For example, by focusing on increasing the GVA impact, despite having little effect on the
satisfaction of stakeholder B, it will significantly increase that of stakeholder C. Likewise, reducing
further MSW generation increases the satisfaction levels of stakeholder B. It should be noted that
these actions do not negatively affect other stakeholders, but will continue contributing to improve
their satisfaction levels and thus encourage cooperation towards the NSP scenario [49]. As suggested
elsewhere [22], creating equitable benefit and cost distribution to stakeholders in MSWM can increase
cooperation and ultimately, the system’s sustainability.

5. Conclusions

Even when stakeholders share a common goal, e.g., adopting Circular Economy (CE), conflicting
objectives and priorities between different stakeholders are expected to arise. By providing evidence
on stable (equilibrium) and optimal decisions, this paper contributes to the decision-making process
by proposing a hybrid methodology that attempts to encourage cooperation between stakeholders to
adopt CE principles in Municipal Solid Waste Management (MSWM) in cities. This method facilitates
the incorporation of all stakeholders’ views by considering their multiple and sometimes conflicting
priorities. It balances the overall decision-making process by harmonising government technical
knowledge, private sector profit-led activities and general public needs.

The efficacy of the proposed framework has been demonstrated with a case study of hypothetically
built CE scenarios in Tyseley, Birmingham, UK. The five most influential stakeholder groups were
identified and asked to rank nine selected CE indicators that measured the performance of four
constructed future scenarios. The subjective and objective weights were calculated for the stakeholders
and scenarios, respectively, and these were then used to obtain the stakeholders’ preferability indexes
and rank their scenarios preferences. The most preferred (or optimal) selection of scenarios was
determined using a Nash equilibrium, and the analysis of possible coalitions and the most efficient
allocation of benefits was performed using the Shapley value methodology. Thus, the scope of
application is to support group decision-making in CE scenarios evaluation, and so it is aimed at the
MSWM of cities when multiple stakeholders have different priorities towards future urban scenarios
based on CE indicators.

The utilisation of AHP for both the subjective and objective weights not only considers the views
and understanding of the stakeholders, but also uses the impartial data of the constructed CE scenarios.
The Shapley value allocation of benefits yields a result where all stakeholders share a portion of the
benefits; in other words, no coalition where a stakeholder is missing produced an optimal result.
However, Cooperative Game Theory (CGT) assumes participants are willing to cooperate and agree on
forming coalitions. If stakeholders desert the agreement, the coalition and its benefits model breaks
down and jeopardises the possibility of reaching the most preferred, or optimal, scenario.

There are certain factors in decision-making that are extremely difficult to identify and measure;
for example, the subjective views on employment in the particular area of Tyseley as briefly presented
in the discussions section. In rationality there is no room for human emotions or subjective views.
This is a limitation of the proposed method and of Game Theory (GT), as they are both based on the
assumptions that actors are intelligent and rational; they have the same information and can make
inferences about it, and they will always seek to maximise their utility, respectively. However, in
practice, most actors have limited rationality [61] as ”rational decision making” and the “rational
planning process” assure; meaning that their decisions are bounded by their limited cognitive capacity,
restricted time for decision-making and/or by incomplete information [62]. Whilst the proposed
method complies with these GT assumptions, it is acknowledged that they also agree with the criticism
from rational decision making because it has been widely debated that decision-making is not always
rational [63]. However, rational decision making is widely applied in other social and economic
disciplines that fall beyond the scope of this study, and that is why it is not explored in more depth.
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The study involved the five most influential actors in the particular TEP site; the results were able
to come to a most optimal combined scenario for all participants. While it is relatively uncomplicated
to define a comprehensive stakeholder directory, it is difficult to predict whether all actors will continue
to comply with GT principles (regarding cooperation and willingness to compromise) later in the
decision-making process. In this respect, the proposed framework does not consider multiple stages
in the decision-making process or the possibility that new stakeholders might be introduced at later
stages of the decision-making process. It is also recommended that future research should attempt
to measure the awareness of stakeholders towards CE, their willingness to cooperate (accept/pay) to
achieve such a CE transition, their level of trust towards other stakeholders, and their perceptions
on their counterparts (e.g., more or less powerful and willing or not to forego benefits to bring fairer
distributions).

The proposed methodological framework attempts to provide evidence of how the joint selection of
the most sustainable scenario could lead to its realisation, and consequently, formulate recommendations
to successfully achieve it. It certainly is not the solution to complicated decision-making processes;
however, it facilitates them by making the difficult decisions more transparent. In essence, the
method represents a single stage of the decision-making process, where it is necessary to converge
on a preferred scenario by adjusting the stakeholder satisfaction levels whilst enhancing indicator
performance and without damaging the overall decision-making process. However, negotiations might
still be fruitless without extensive communication and the development of a common understanding
between stakeholders. It is, therefore, recommended that such an investment of prior effort and
meticulous preparation through adoption of this methodology is likely to lead to the CE outcomes to
which we all already do, or should, aspire.
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Abstract: Urbanization and climate change are requiring cities to find novel pathways to a sustainable
future, and therefore the urban context may accelerate the conversion to a circular economy.
In this sense, climate change is a considerable threat to the environment, affecting both human
and natural systems, and in this context individuals have a very important role. Therefore, the paper
aims to investigate, on the one hand, what determines people to undertake specific actions in fighting
climate change and, on the other hand, what determines some people to engage in adopting multiple
actions exhibiting extra mitigation behaviour compared to others, paving the way to an urban circular
economy. In order to do that, multilevel logistic regression analysis using hierarchical data (individuals
grouped in counties), reflecting group variability and group-level characteristics effects on outcomes
at individual level has been applied. Special attention was given to modernisation thesis validation,
stipulating that citizens from more developed and modernized countries are expected to manifest a
higher level of extra mitigation compared to inhabitants of less-modernized nations. The empirical
results revealed the positive association of pro-environmental factors, socio-demographic and
economic factors with both specific and extra mitigation behaviour in fighting climate change.
An important finding of the empirical research highlighted the validation of the modernisation thesis,
even if partially, and the reinforcement of the modernisation thesis impact on the extra mitigation
behaviour determined by the urban area segmentation. The extra commitment behaviour reflected by
citizens’ multiple actions in fighting climate change ensures progress to a circular economy through
its contribution to waste reduction, eco-shopping increase, on eco-friendly transportation increase
or domestic energy reduction. We believe that a shift in citizens’ attitude towards climate change
is needed, taking into account that a lot must be done” to effectively respond to climate change,
paving the way for the circular economy.

Keywords: circular economy; urbanization and climate change; multilevel logistic regression; citizens;
extra mitigation behavior; EU member states

1. Introduction

In the context of urbanization and excessive pollution, on the path to achieving sustainable
development, the principles of circular economy become increasingly important and also necessary.
The circular economy implies material reducing, reusing, remanufacturing and recycling, but the
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transition is not possible without including environmental considerations, such as climate change.
Potential synergies between circular material use, climate change mitigation and the halting of
biodiversity loss are increasingly recognized [1].

Urbanization and climate change are determining cities to find novel pathways in order to lead to
a sustainable future, therefore the urban context may precipitate the conversion to a circular economy.
In this sense, climate change is a considerable danger to the environment, affecting both human and
natural systems [2], and in this context individuals have a very important role [3].

Climate change needs to be mitigated, requiring a change in personal behavior, from levels of
action or limited action to broader and higher levels of behavioural involvement [4]. A further way of
tackling climate change is represented by the adoption of auxiliary actions leading to a higher level of
engagement in climate change mitigation going beyond what most people do [5].

Cities represent the link to circular development, the city administrations being able to specify
and inform a circular vision and strategy. Cities can provide opportunities for accessing, purchasing,
promoting and stimulating circular solutions.

The movement to a circular economy is not easy, particularly for companies in which all the
operations are deeply subordinated to the linear approach, production processes must first be
transformed from linear to circular [6] and, accordingly, the implications of such a transformation
refers to changes of processes, additional investments, modifications in equipment and production,
shifts in raw materials, as well as personnel re-training with consequences on extensive value chain.

The current model of wasting resources involves depleting the natural capital of the Earth,
generating irrevocable and alarming effects on both environment and climate.

Climate change is a serious environmental challenge, the reduction of greenhouse gas (GHG)
emissions representing an important target that can be acquired only by the involvement in
actions targeting the increase of resource efficiency, prolonging the lifecycle of buildings and goods,
enhancement of recycling and reuse together with a decline in primary raw materials [1].

Therefore, the main objective of the research is two-fold: on the one hand to enhance understanding
of the main environmental, socio-demographic and economic determinants of citizens’ specific actions
to mitigate climate change and, on the other hand, to investigate factors related to a higher level of
extra commitment in fighting climate change in an urban context.

Thus, the paper aims to answer to the following main question: “What determines some people
engaging in adopting multiple actions exhibiting extra mitigation behaviour compared to others?”
Finding a reliable respond to this question will also provide solutions that will help stakeholders to
make the transition to an urban circular economy.

More in depth, the research aims also to respond to specific research questions through the results
provided by the multilevel approach: what are the main characteristics of pro-environmental behaviour
associated to an increased level of engagement in adopting specific actions in fighting climate change as well as an
extra mitigation behaviour? What are the main socio-demographic characteristics associated with a higher level
of engagement in adopting specific actions in fighting climate change as well as an extra mitigation behaviour?
What are the main economic characteristics associated with an increased level of engagement in adopting specific
actions in fighting climate change as well as an extra mitigation behaviour? Is extra mitigation behaviour
to climate change higher in more modernized developed economies? What is the extent of between-country
variation in adopting taking specific actions as well as in developing extra mitigation behaviour in fighting
climate change? Can between-country differences in fighting climate change be explained by differences in
individual characteristics? Does the effect of modernization thesis on the extra mitigation behavior depends on
the segmentation of large town vs. small or medium town?

In order to mitigate climate change and also to pave the way to circular economy, the role of
citizens is fundamental and a shift in personal behaviour is required. In combating climate change,
the actions need to cover multiple measures and to target the implications of the main actors—local
governments, business sector, civic society, environmental organisations and European institutions.
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In the paper, the focus is on the role of citizens, the personal mitigation behaviour referring to voluntary
behavioural responses to climate change.

The article makes its contribution to the literature in the following four ways. Firstly, it investigates
factors related to specific actions made by citizens to combat climate change, revealing the main
individual determinants that could lead citizens to make a certain action by the analysis of 13
self-reported actions, revealing also how the actions taken to combat climate change could support the
shift to a circular economy.

Secondly, the study investigates factors related to citizens’ profile characteristics leading them to
adopt specific actions to address climate change, highlighting the differences among individual actions.

Thirdly, the study explores the individual extra mitigation behaviour in fighting climate change,
analysing the individual behaviour in terms of cumulative actions, taking into account that according
to Ortega et al. [5], a lot must be done to effectively address climate change. More in depth, the research
examines the between-country variations related to both citizens’ actions in tackling climate change,
as well as an extra engagement level in combating climate change using a staged multi-level logistic
regression model based on hierarchical data (individuals within countries). The utility of this category
of models have been acknowledged also by Ortega-Egea [5] who mentioned that multilevel models are
the most appropriate in tackling environmental researches.

In particular, the research makes a contribution to climate change research by testing the
modernization thesis according to which an extra mitigation behavior for climate change is higher
in more modernized developed economies, highlighting also how a broader and greater level of
commitment can pave the way to a circular economy.

Fourthly, for exploring country discrepancies in both specific and extra mitigation behaviour to
fight climate change, the dataset of the recent Eurobarometer 91.3 Rule of law and climate change
has been used [7], having the advantage of using the most recent large-scale survey conducted at the
end of 2019. In such a way, the study contributes to the research field through an advance of current
understanding of climate change extra mitigation behaviour reinforcing also the main implications for
supporting the shift to a circular economy. The main results of the research represent a useful tool
mainly for policy-makers that need to focus on expanding the engagement level in tackling climate
change both among citizens and across countries.

The paper is organized as follows. The Section entitled “Literature review” offers an overview of
the most proper studies regarding climate change mitigation and its implications for the transition to a
circular economy. Section 3 offers additional information about the data used in the analysis providing
also a brief description of the methodology used within the paper. Section 4 is divided into five main
sub-sections presents the descriptive profile of the respondents, a brief analysis of climate change
mitigation actions among European Union (EU) countries and also the sub-sections of multilevel
models results, summary of findings in relation to specific mitigation and extra mitigation behaviour
and discussions in relation to the man findings. The paper ends with concluding remarks and also by
highlighting limitations and recommendations for further study.

2. Literature Review

The circular economy emerged as a response to maximize the reuse of assets and products and
minimize their depreciation [8] becoming the driving force of sustainable land development, aiming to
maximize resource efficiency together with impact reduction on environment [9].

The circular economy put together four main actions: reduce, reuse and recycle and remanufacture
of materials in the processes of production, distribution and consumption [10,11]. The circular economy
relies mainly on resource and environmental efficiency, aiming to provide key measures that will
assure the transition to a greener and more sustainable economy [12].

Korhonen et al. [13] define the circular economy as an approach aiming to fight against
environmental challenges and encourage sustainable development, reducing both the input of virgin
materials and waste production by closing the economic and ecological curves of resource courses [14].
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The circular economy achieve optimal production by simultaneously minimizing the use of natural
resources, minimizing waste by reusing production, and minimizing pollution by recycling and
restoring industrial unnecessary waste [15].

The circular path is more than just a recycling and environmental issue, it represents a new
approach to thinking about how to grow and develop without resorting only to spending resources [16],
but reusing them. Reuse supports resource efficiency, reducing air, water and soil pollution during the
lifecycle of the product [17]. In this context, circular economy can play the fundamental role of driving
force, strongly supporting the attainment of Sustainable Development Goals [18].

There are many definitions for climate change in the literature, but the most prominent has been
provided by the Ellen MacArthur Foundation [19], according to which circular economy represents an
industrial system designed and intended to be restorative or regenerative, replacing restoration with
transition to renewable energy usage. This excludes the use of toxic chemicals, which impair reuse,
and eliminate waste [20,21].

The circular economy represents a model of generating and waste, involving the distribution,
rental, reusing, repair, reconditioning and recycling of materials and products as long as possible,
aiming also to increase the product lifecycle.

Therefore, the circular economy has 3 dimensions:

sustainable food system that can lead to improved efficiency, solving logistical problems and protecting
food security in the agricultural sector;
resource management and waste optimization that can improve the waste-recycling process;
reducing pollution that has raised awareness about polluted cities and the associated health risks [22].

The circular economy relies on three major principles: waste and pollution reduction, preserve
using products and materials; reestablishing natural systems [19].

The transition to a circular economy implies targeted changes implying all three actors: civic society,
governments and business sector, with consequences on different subsystems: energy, logistics and
financial subsystems and clear guidance and monitoring [23]. The circular economy involves both public
actors responsible for sustainable development and planning, as well as businesses seeking economic,
social and environmental results and society that should ask itself about its real needs [24].

The urban population is constantly growing, so cities must meet the criteria of sustainability.
UN-HABITAT (2011) [25] reported that urban areas generate 70% of global greenhouse gas emissions
and 50% of global waste [26]. In this sense, measures are being taken in the field of sustainability,
cities and communities being encouraged to apply ingenious strategies to address circularity on urban
scale [27], reducing the breadth of global waste streams and emissions [28].

The model of circular economy implies reusing, reducing, recycling and remanufacturing [29]
(Figure 1), representing sustainable ecological growth by extending the life of products and materials and
reducing waste. The path to circular economy should also include environmental considerations, such
as climate change [30]. The circular model has many environment, climate, social and economic benefits,
one being the mitigation of climate change [1].

In 2019, the World Economic Forum stated that the circular economy could represent an important
tool to avoid climate change [31]. Reducing greenhouse gas emissions in the circular economy is reflected
by increasing resource efficiency, by raising the life of construction and goods, increasing recycle and
reuse, and a complete reduction in using primary raw materials. According to the Committee on
Climate Change (CCC), the transition to a circular economy must be a part of climate change. As part
of Covid-19 recovery plan that prioritizes the climate crisis, the CCC has urged the governments to
hurry the transition to a circular economy, reiterating its call for a ban on biodegradable wastes to
landfill by 2025 [32].

A major global challenge is represented by climate change [33], requiring the international
community to adopt mitigation strategies having as their main target limiting the average increase
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of global temperature [34,35]. Climate change is a major, anthropically caused environmental risk,
with important effects for human and natural systems [36].

Figure 1. The implications of climate change mitigation on the transition to circular economy. Source
Author’s contribution.

Under the Framework Convention on Climate Change, climate change is defined as a climate
modification attributed to human activity, altering the the global atmosphere composition [37].
According to the Intergovernmental Panel on Climate Change, climate change is defined as any
modification regarding climate caused by natural variability or human activity [38].

Climate change is significantly influenced by humans, the main changes occurring in the
atmospheric composition. These are caused by emissions associated with energy consumption,
urbanism and land-use changes, being very important at local and regional level. Although certain
progress have been achieved in the processes of monitoring and exploring climate change, several
scientific, technical and institutional obstacles still have to be overcome in order to design, plan for,
adapt to and mitigate the impact of climate change [39].

Climate change mitigation calls for cooperation both national governments and consumers,
the mitigation effort being concentrated on reducing sources and amplifying greenhouse gas sinks,
requiring concerted efforts of both national and international institutions that take quite a long time [40].
One potential solution for urgent measures is the increase in the level of citizens’ commitment by
adopting voluntary more-sustainable and low-carbon lifestyle alternatives.

Through a higher level of individuals’ engagement, a higher level of receptivity and response to
change messages, emissions from home using up and personal transportation could be significantly
attenuated [41].
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The most important factor causing climate change is excessive energy consumption, so in order
to adopt a new low-carbon paradigm, energy reduction is needed, both on businesses and civil
societies [3]. Even if climate change is generally seen as a global issue and municipal governments have
their local agenda as an important tool to control greenhouse gas emissions, the mitigation behaviour
cannot be improved without the help of state and national policy changes [42].

In this fight against climate change, the contribution of citizens becomes increasingly important [43],
they acquiring the role of agents of change in field of environment [44].

Although the anthropogenic cause of climate change is scientifically proven, people consider
different causes regarding climate change, such as: natural processes, human activities, determining
both risk perception and mitigation behaviour [45].

In industrialized countries, the principal cause of climate change is the lifestyle [41], with high
level of carbon emissions, with households responsible for 20% of total greenhouse gas emissions [46]
and over a quarter of the final energy consumed [47]. Therefore, individuals have a very important
role in the face of climate change [3], either adapting to potential and unavoidable climate impacts, or
decreasing GHG emissions to avoid further damage [48].

The literature is focused on different specific actions undertaken to combat climate change
in relation to the transition to a circular economy, grouped in four main categories: eco-friendly
transportation referring to: low fuel consumption car, electric car, alternatives to car use, travel carbon
footprint considered; domestic energy reduction referring to: insulated home better, low-energy home,
energy efficiency households (EFF HH) appliances, switched energy supplier, energy-saving
equipment home, installed solar panels home; eco-shopping referring to: food carbon footprint
considered; and waste reduction refering to: reduce and separate waste, use less disposable items
(Figure 2).

Previous studies targeted very intensively recycling [17,18], reducing the use of the car and
adopting another means of transport that supports the environment, [22,49] or explaining involvement
in environmental citizenship [19] by various individual factors [12,23–30,50]. The relevance of
pro-environmental behavior has proved its stability over time [11,33] being related to ecological
behavior [34]. Ortega-Egea et al. [5] analysed the main factors related to an extra mitigation behaviour
among individuals, revealing the relevance of gender, age, attitudes, knowledge and political ideology
in combating climate change.

Although most people consider climate change and sustainability to be important issues, too few
citizens are taking action to stop the growing flow of greenhouse gases and other related issues. This is
due to adverse climate infrastructure, and psychological barriers such as: limited knowledge of the issue,
ideological conceptions of the world that tend to deter a pro-environmental habit, comparisons with
other key people, low costs and time of behavior, discrediting of experts and authorities, perceived
risks of change [51].

The models tested in the research propose that environmental factors, socio-demographics and
modernisation theory-related factors enhance understanding of citizens’ specific actions to mitigate
climate change as well as the extra mitigation behavior in fighting climate change in urban context.

The literature review is structured on the four main factors related to climate change mitigation:
environmental factors, demographics factors, socio-economic factors and state-level factors.
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Figure 2. An overview of the most relevant studies concerning specific mitigation behaviour and its
relation with the circular economy. Source: Author’s contribution.

2.1. Perceived Importance of Climate Change

The pro-environmental and climate change motivated behavior has been analyzed in the
literature [52–63]. The concept of global environmentalism [63–65] emerged as a consequence
of environmental degradation, joint with pro-environmental actions in wealthy and developing
countries [66,67]. The globalization hypothesis was debated in specialized studies [67,68],
with some studies [51,54,57–59,68,69] supporting the country significant differences regarding public
environmental concern and protection, including climate change mitigation efforts [62].

People do not take any action to mitigate climate change because they do not believe that climate
is changing and, if it does, they deny the involvement of human activity [70–73]. According to Tranter
and Booth [74], the proportion of climate sceptics was around one-fifth of the interviewed respondents
from the dataset of the 2010 International Social Survey Programme, while according to the World
Values Survey, the proportion of sceptics is even lower, the general perception being as “very serious”
issue [75,76]. The results of 2017 Pew Global Attitudes and Trends survey [77] revealed that almost
61% of respondents from 38 countries acknowledged that climate change is a “major threat” in case of
their country and only 23% of them consider climate change a “minor threat”.

People’s opinion about climate change is influenced by the position of scientists on this issue, the
disagreement of scientists on global warming leads to the new indivisibility to global warming and
can be reduced for climate policy [78].

Some people do not believe in climate change, in its anthropogenic character and its importance to
humans and nature [67,68,74,79,80]. They are climate skeptics and represent at most one-fifth
of respondents to the 2010 International Social Survey Program [74], being more prevalent in
Anglo-American countries, especially in the United States [81,82]; however, they represent a
declining minority [83–85]. Therefore, most people consider climate change to be anthropogenic, real,
and costly [86].
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2.2. Climate Change Perceived Responsibility

In the context of climate change, responsibility is the obligation of people to achieve their
goal of protecting the environment [87]. Regarding how individuals respond to climate change,
four typologies can be identified—community, systemic, skeptical and economist; most of them
claiming that individuals act based on their perceived responsibility regarding climate change.
It is worth mentioning that under these circumstances, behavioural change is seen as an optimal
combination of living standards, knowledge of the causes and climate change contributions and
harmful emissions intensity, involving actions of individuals as voters and consumers [88].

Responsibility in the case of climate change is also attributed to state institutions, governments
and churches taking action so as to reduce dependence on carbon-based energy sources [89,90].

2.3. The Perceived Importance of Climate Actions

The perceived importance in the case of climate change is influenced by environmental position
and climate change knowledge, the relationship being mediated by risk perception [91].

Bockarjova and Steg [92] highlighted that measures to combat climate change are associated
with health, including quitting smoking or promoting exercise, and changing behavior patterns. In
this context, Bergantino and Catalano [93] consider that age, sex, employment status and the number
of young children significantly influence the psychological profiles of respondents.

For civil societies fighting against climate change it is very important that citizens are well informed
and know about this problem [94]. In this regard, informational efforts have been made to encourage
public and voluntary involvement in climate change mitigation actions [95,96]. Other measures
that have led to public awareness and preoccupation about climate change are economic incentives,
subsidies and related interventions [97].

2.3.1. Gender

Pro-environmental behavior is influenced by gender, with women being more likely to take action
to combat climate change [98,99]. Women are more likely to work for the environment in response
to climate change by reducing waste and saving energy during the day [55,100]. Other studies have
highlighted the greater concern and involvement of women about the environment compared to
men [98,101,102]. Ortega-Egea [5] found evidence although weakly that female gender was more
inclined to develop an extra mitigation behavior to address climate change.

In some areas, climate policies are insensitive to gender issues and do not take into account the
fact that some adaptation actions may be less available for certain groups of women, such as the head
of the household [103]. Countries whose development policies aim at the stability of the system by
strengthening the status quo, neglects the differentiated vulnerability, adaptability, existing cultural,
institutional and political factors of inequality [104].

2.3.2. Age

Environmental behavior is most influenced by age, with young people being those most concerned
about climate change [105]. Most studies have found that age is inversely correlated with attitudes
and concerns about the environment, with young people being more concerned about climate
change [3,106,107], perceiving the seriousness of climate change more acutely [108]. Other studies have
highlighted the negative, positive or insignificant link between age and environmental behaviour [48,98].
An important result has been obtained by the study of Ortega-Egea [5] indicating an inverted U-shaped
relationship between age and individual level of engagement, citizens aged between 45–56 years old
tend to be more inclined to exhibit an extra mitigation by way of acting.
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2.3.3. Education

Women, people with a lower level of education, middle-aged, with higher household incomes are
more skeptical about the existence of climate change [109]. Many studies have shown a direct correlation
between the level of education and environmental behavior [5,98,110], individuals with a high level
of education are informed, concerned and involved in pro-environmental activities [98,107,111,112],
undertaking actions to mitigate climate change [2,3,41]. Ortega-Egea [5] proved that there is a appositive
association between education and extra mitigation behavior.

2.3.4. Marital Status (Children)

Marital status is an important characteristic, particularly in the case of women, that affects the
social relationships [113]. Gender intersects with marital status, being discursively produced [109,114]
and manifested in the concrete actions of women and men [115].

Chant [116] argues that women from households formed exclusively by women face poverty and
vulnerability differently to women from mixed households formed by women and men. While women
in households formed exclusively by women often have to deal with the problem of limited resources,
women from mixed households have less access and control over household assets.

Englert [117] highlighted that unmarried, divorced and widowed women have more freedom to
buy land or take action, marital status having an important role, and in the case of married women their
actions depend on the nature of their relationship with the husband. The marital status significantly
influences climate change initiatives, mainly for women, and this results has been supported by the
study of KatrienVan and Holvoet [103].

2.3.5. Occupation

Confidence in the environment, awareness of the main implications of climate change, high income,
employment and old age have led to support for climate change policy [112]. Employment status has
no effect on environmental concern [118], a higher remuneration is associated with an increase in the
level of pro-environmental engagement [119].

2.3.6. Difficulties Paying Bills

Some people find it difficult to manage risky events related to climate change, lack of cash, credit,
land, networks, education, or time to adapt [120,121], leading to a lack of involvement in actions related to
environmental protection. Significant linkage between household income and standard socio-demographic
characteristics and environmental quality concerns has been demonstrated [122,123].

For this particular case, poor people or migrants tend to be the most vulnerable [124]. Regarding
income, the evidence is inconclusive, the actions pro-environment is unrelated to income, according to
Domene and Sauri [125] and positively correlated, according to Renwick and Archibald [126].

2.3.7. Urban Area

Taking account of the high level of population concentration in cities, these consume three-quarters
of global energy consumption and greenhouse gas emissions [127]. That’s why cities are fighting to
mitigate climate change by implementing low-carbon development strategies [128]. Cities involve
wealth and innovation, with resources and tools necessary to combat climate change [129].

Intercultural analyses of climate change and environmental protection behavior have attracted
increasing attention recently [52–54], highlighting variations in environmental concerns and public
protection at the regional level [55,58,69,102], including efforts to mitigate climate change [60]: coastal
or riverine regions are strongly unprotected and thus vulnerable in facing climate change impact [130],
which poses a huge pressure on urban infrastructure, the lives of urban citizens and the entire
urban system.
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Climate change mitigation is more likely in large cities than smaller cities [131], most often the
focus being on energy policy, air quality and GHG emissions.

2.3.8. Political Ideology

Another important variable that influences environmental behavior is political ideology [48,
64,88,99,110,112,132], and people with left-center political visions are more concerned and have
significant environmental attitudes and behavior [96,112,113,133]. Political ideology has clear
relationships with beliefs about climate change [134,135], and conservatives and right-wing
citizens have low beliefs about climate change [136], being more skeptical on this issue [46].
The explanation is that conservatives have strong tendencies to justify the system, denying issues
that threaten the functioning of the system, including climate change [137]. Important results have
been provided by the study of Ortega-Egea et al. [5] who have proved that individual having a
leftist/liberal political orientation were more likely to engage in extra mitigation behavior compared to
right-wing/pro-environmental respondents.

2.3.9. Political Interest Index

Citizens’ beliefs directly influenced their implication in the public policy and have not been
the subject of many researches, as there are few studies in the literature on this connection [138].
Political distrust is more prevalent in countries with more corruption [86]. People who trust politics
support environmental protection policies [72,139,140], and countries that register a high level of political
trust are more inclined to spend for environmental protection [141]. In developed countries there is a
tendency to diminish political trust [142], this being considered the reason for the low involvement of
citizens in actions aimed at improving the common good [143]. On environmental issues, people do
not trust governments, businesses, industry, and experts, and hold them accountable for controlling
environmental risks [36].

According to the results of Fairbrother et al. [86], supported at the level of 23 European countries,
higher political trust was related to a higher level of support in adopting fossil fuel taxes among
individuals believing in the importance and awareness of climate change.

2.3.10. Modernisation Theory-Related Factors

The existent differences in pro-environmental beliefs are for sure related to the existent differences
in wealth modernisation level [54,60,68], stating that citizens from richer nations grant a higher level of
importance to all environmental targets compared with those from pooper countries. The environmental
awareness is positively correlated with wealth [67], and negatively correlated with work [64,67,68] in
poorer countries, generally the environment related issues are subjects of public concern. For individuals
in rich countries, the general perception is that climate change is a fundamental issue and in consequence
it is not ranked as a highly dangerous threat, leading to maladaptation to climate change [144].

Individuals of richer countries have this perception about climate change to be a fundamental
issue and consequently this could lead to maladaptation to climate change [144–146].

Since greenhouse gas emissions significantly influence climate change, modernization theory
and world economy theory [147] have been investigated, empirical results confirming both theories.
The IPCC WGII [148] proved that the main factors of influence in the climate change adaption are the
access to economic and natural resources as well as institutions and governance.

Well-being is very important in climate change mitigation, and human need and quality of life
interferes with energy and resources usage within society [149–151]. Adua et al. [152] drew attention
that the modern communities need to be redesigned if the target is to attenuate the environmental
crisis [153] still registering economic growth. Between technological innovations indicators and CO2

emissions was registered a negative relationship, with technological innovation being very important
in diminishing human impacts on the environment.
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Digitalization foster climate-friendly urban environments [154] being considered a stepping stone
for the global economy [155].

ICTs (Information and Communication Technologies) brings a contribution to climate change
mitigation through the access to relevant information, increasing concerns and making possible the
enhancing of learning and knowledge [156]. Individuals who exhibit a higher level of information
using diverse and multiple sources of information, [157] have also a different level of environmental
issues’ perception, including climate change.

In order to mitigate and adapt to climate change, digital technologies are very important,
with information and communications technologies leading to cities climate action. Involving citizens
and making possible their participation in city programs with appealing digital technology are very
important for climate action [158]. Exploring similarities in environmental protection and climate
change mitigation among Norway’s voters, Kullberg and Aardal [159] revealed that those in favor of
environmental protection and climate change mitigation possess rather a libertarian way of thinking
compared with climate-only supporters who exhibit an authoritarian belief. The governmental policy
related to climate change put in the first place mitigation instead of adaptation [160], taking into account
on the one hand the main benefits of mitigation [161] as well as other factors such as savings, energy
security or the importance of reducing emissions [162–166]. Governments significantly influence
environmental issues, and can intervene politically through taxes related to the damage caused to the
environment. Thus, polluters pay for each environmentally harmful action, discouraging pollution
and encouraging companies to find and implement new technologies and production processes that
affect the environment as little as possible [167,168].

Taking into account all these, the present research represents, to our knowledge, the first study
exploring the specific mitigation behavior of climate change through the analysis of 13 types of personal
actions and their determinants, as well as one of the few studies exploring the extra mitigation behavior
determinants in a more comprehensive way.

Acknowledging the important role of personal behaviour in tackling climate change from different
perspectives, supporting the shift to a circular economy, the following hypotheses have been formalised
in order to highlight the main factors related to the level of citizens’ specific mitigation and extra
mitigation behaviour:

Hypothesis 1. (H1). An increase in pro-environmental behaviour is associated with a higher level of engagement
in adopting specific actions in fighting climate change as well as with a higher level of extra mitigation behaviour,
supporting the switch to a circular economy.

Hypothesis 2. (H2). Individuals with the following socio-demographics characteristics (female, from 55–64
age group, married with children, with a higher level of education, self-employed, with a left- center political
ideology and a higher level of political interest) are more inclined to engage in specific actions in fighting
climate change as well as to exhibit a higher level of extra mitigation behaviour, supporting the transition to a
circular economy.

Hypothesis 3. (H3). Citizens from small or medium towns, without facing any difficulties in paying their
bills and living in Western Europe or Nordic nations are more likely to engage in specific actions in fighting
climate change as well as to exhibit a higher level of extra mitigation behaviour, supporting the transition to a
circular economy.

Hypothesis 4. (H4). Citizens from more developed and modernized countries are more likely to exhibit a higher
level of extra mitigation behaviour, supporting the transition to a circular economy through the multiple actions
undertaken.
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3. Data and Methodology

3.1. Data

The empirical analysis relied on the cross-national dataset “Eurobarometer 91.3/2019-Rule of
law and climate change” [7] aiming to reveal the attitudes and behaviour of European citizens’
towards climate change, data collection being between 9 and 26 April 2019. The survey covers the
resident population of all European Union member states aged 15 years and over. A multi-stage,
random (probability) sample has been used in all countries, and a total of 27,655 individuals were
interviewed face-to-face, from which 18,529 individuals were from urban areas. The questionnaire treats
among others, the assessment of climate change importance; responsible actors for tackling climate
change, detailing here the role of national governments, international institutions, local authorities,
environmental agencies, citizens or business sector; the importance of climate change actions leading
to innovation; with a detailed presentation of personal actions undertaken to combat climate change,
being presented in the reports of European Commission [169,170]. The Data Archive for the Social
Sciences provides access to the Eurobarometer data [7]. The outcomes of our research have been
analysed from two points of view—as individual actions to mitigate climate change as well as extra
mitigation behavior through multiple actions taken.

Individual mitigation behavior, was quantified by specific climate change actions taken by individuals
in the last six months coded on a binary nominal scale (1—yes, 0—no) from a set of 13 self-reported
mitigation actions related to four environmental area of personal action:

- eco-friendly transportation refereeing to: low fuel consumption car, electric car, alternatives to car
use, travel carbon footprint considered;

- domestic energy reduction refereeing to: insulated home better, low-energy home, energy EFF HH
appliances, switched energy supplier, energy saving equipment home, installed solar panels home;

- eco-shopping refereeing to: food carbon footprint considered;
- waste reduction refereeing to: reduce and separate waste, use less disposable items.

Multiple actions taken to combat climate change have been considered, building several binary
nominal scale variables (1—yes, 0—no): for at least one action, at least two actions; at least three actions;
at least four actions; at least five actions; six actions and more, differencing between common behavior
and extra behavior.

As extra mitigation behavior, based on the distribution of the number of actions at individual level,
we have considered at least five actions as being a broader and greater level of personal engagement.

Climate change related explanatory variables considered in the analysis were as follows:
Perceived importance of climate change was initially rated on a scale from 1 to 10, from 1- not at all

a serious problem to 10- an extremely serious problem, and this has been transformed into a three
point categories variable where 1- not a serious problem, 2- a fairly serious problem and 3- a very
serious problem.

Climate change perceived responsibility has been rated on the report of binary nominal scale (1-yes,
0-no) coding the responsibility of national governments, European Union, local authorities, business
sector citizens and environmental agencies.

The perceived importance of climate change actions was captured through the statement “Fighting
climate change will lead to innovation making companies more competitive” initially rated on
four-point scales from 1 to 4, from 1- totally agree and 4- totally disagree, and then transformed into a
dummy variable coded 1-agree and 0-disagree.

Individual-level demographics considered in the analysis were as follows:

Gender: a dichotomous variable with value 1 for men and 2 for women;
Age: initially measured as a continuous variable, was divided into six age categories: value 1 for
15–24, value 2 for 25–34, value 3 for 35–44, value 4 for 45–54, value 5 for 55–64, and value 6 for
65 years and over.
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Education is a categorical variable with value 1 for up to 15 years old, value 2 for 16–19 years old,
value 3 for 20 years old or over, value 4 for still studying and value 5 for no full-time education.
Marital status (children) is a four category variable with1 for Single without children, 2 for single
with children, 3 for multiple marriages without children, 4 multiple marriages with children.
Occupation is quantified by 1 for self-employed, value 2 for employed, value 3 for not working.
Difficulties of paying bills is quantified by 1 for having difficulties most of the time, value 2 for
from time to time and value 3 for almost never/never.
Urban area is a categorical variable with value 0 for small or middle sized town and value 1 for
large town.
Region is quantified 1 for East-Central Europe 2 for Western Europe 3 for Southern Europe and
4 for Nordic Nations Political ideology is an ordinal variable with 1 = left/liberal; 2 = centre;
and 3 = right/conservative.
Political interest index was rated on four-point scale from value 1-strong, value 2–medium, value
3-low, value 4 –not at all.

Country-level variables. In accordance with the second objective of our research, we aims to
investigate what are the main factors leading to an extra commitment in fighting climate change.
In this context, the research aims to test the validity of modernization thesis according to
which respondents from more developed and modernized nations are more involved in all
environmental-related issues, allowing a relevant importance to this matter of combating climate
change compared to citizens of less-modernized nations. In order to test this hypothesis, the following
variables have been used:

GDP per capita in purchasing power standards;
Human Development Index (HDI);
Happy Planet Index (HPI);
Social Progress Index (SPI);
Individuals’ level of internet skills (%);
Individuals’ level of internet access (%);
SGI government effectiveness score;
SGI policy performance score;
SGI environmental policy protection score.

Definitions and data sources for all variables are provided in Appendix A. All country-level
predictors were centred on its sample mean.

The GDP per capita in Purchasing Power Standards (PPS) is used as proxy for the level of economic
development and the expected sign is a positive one, respondents from wealthier EU-28 countries
are expected to be more active and involved in supporting the process of diminishing this danger of
climate change than citizens of poorer nations.

According to the HDI, not the economic growth need to be the benchmark for wealth, pointing
out the relevance of investing in people and in developing their capabilities if the objective is the
assessment of country development. It is worth to mention how HDI can quantify the way in which
two countries with similar Gross National Income (GNI) per capita can register different human
development outcomes. Therefore, the expected impact is a positive one, a higher the level of human
development of a country, leading to a higher level of engagement in climate change mitigation.

Social progress aims to improve peoples’ lives all over the world, offering to responsible bodies
the chance for more effective cooperation and an efficient resources use in order to solve pressing
social and environmental problems. Through this, both individuals and communities could make their
contribution to the progress of their lives, creating the conditions to attain full potential. Under these
circumstances, the Social Progress Index (SPI) rigorously measures country performance on many
aspects of social and environmental performance, including a component of environmental quality.
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Therefore, a positive sign is expected, a higher level of SPI leads to a higher level of engagement in
climate change mitigation.

The Happy Planet Index (HPI) reflects sustainable wellbeing for all individuals, quantifying the
process of achieving a long, happy, sustainable lives, and puts together four dimensions: wellbeing,
life expectancy, inequality of outcomes and ecological footprint, in order to quantify how citizens of
different countries are using environmental resources to lead long, happy lives. Therefore, the expected
sign is a positive one, a higher level of the index, a higher level of engagement in mitigating
climate change.

Two proxies for digital usage and access have been taken into account—individuals’ level of
internet skills (individuals who have done at least one internet activity) in urban areas (%) and
individuals’ level of internet access in the last 12 months in urban areas (%); a positive impact
being expected. Therefore, a higher level of individuals’ internet skills and access is associated with a
higher level of personal engagement in tackling climate change.

As governance indicators, we have included three main variables: SGI government effectiveness score,
SGI policy performance score, SGI environmental policy protection score.

The first, SGI Government Effectiveness score is one of the SGI Governance indicators and measures
the efficient implementation of governmental policies. Therefore, a positive impact is expected, a higher
perceived level of government effectiveness being associated with a higher level of engagement in
climate change mitigation.

The second one, SGI policy performance score, is another SGI Governance indicators measuring
the government efficiency in cultivating sustainable conditions helping to assure well-being an
empowerment. Also, a positive impact is expected, and a higher level of trust in government is
associated with a higher level of personal mitigation of climate change.

The last one, the SGI environmental policy protection score, measures the level of resources
protection and environment quality acquired through environmental policy, a positive impact being
expected; a higher level of environmental policy protection being associated with a higher level of
citizens’ engagement in fighting climate change.

3.2. Multi-Level Econometric Modelling

In the process of highlighting the main driving forces of climate change among EU citizens,
a multilevel logistic regression (the command in STATA 15 for the estimation of multilevel logistic
regression models is xtmelogit) analysis has been used highlighting that the specific and extra
mitigation behaviour is influenced by both individual characteristics and country specificities in
combating climate change, supporting thus the shift to a circular economy.

The conceptual framework of the main determinants for citizens’ engagement level in mitigating
climate change is presented in Figure 3.

Figure 3. Conceptual framework of the main determinants for citizens’ engagement level in mitigating
climate change. Source: Author’s contribution.
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In order to analyse the between-country variation in the specific and extra mitigation behaviour
of climate change, diverse categories of of two-level models were used. The two-level models implies
a four-stage methodology.

In the first stage, the appropriateness of the multi-level approach was tested by the estimation of a
baseline random intercept model without any explicative variables, the empty two level model with
an intercept and country effects (the null model) has the following specification:

log
(
πi j

1−πi j

)
= β0 + u0 j, (1)

The intercept β0 is shared by all countries, while the random effect u0 j is specific to county j and it
follows a normal distribution with variance σ2

uo.
In the second stage, the model additionally assumes the influence of first-level characteristics:

log
(
πi j

1−πi j

)
= β0 + β1·Xij + uj, (2)

In the third step, the model specification includes simultaneously both individual-related factors
as well as country-level variables being formulated as follows [85]:

log
(
πi j

1−πi j

)
= β0 + β1·Xij + β2·Xj + uj, (3)

where: β0 is the overall intercept, β1 is the cluster specific effect, β2 is the contextual effect, Xij is
the vector containing individual level explanatory variables and their interactions, Xj is the vector
containing country level explanatory variables and uj is the group (random) effect.

As in any regression model, we can include interaction effects which allow for the possibility that the
effect of one explicative variable on the outcome depends on the value of another explanatory variable.
An interaction between a level 1 variable and a level 2 variable is called a ‘cross-level interaction’.
Furthermore, it is worth testing if the effect of contextual country factors on climate change extra
mitigation behavior depend on the type of the town (large town vs. small and medium size town).
Therefore, in the fourth step, different random intercept models with cross-level interactions have
been estimated.

log
(
πi j

1−πi j

)
= β0 + β1·Xij + β2·Xj + β3·Xij·X2 j + uj, (4)

The general scheme of two level models for citizens’ engagement level in combating climate
change is displayed in Figure 4. Different specifications of two-level logistic models were estimated in
over to overcome the issue of multi-collinearity, as country-level variables could be correlated.
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Figure 4. The logical scheme of two-level models for climate change mitigation behaviour. Source:
Author’s contribution.

4. Empirical Results and Discussion

4.1. Descriptive Profile of Respondents

From 18,529 individuals from the urban environment, almost 42.7% of them come from a large
town while 57.3% of respondents live in small and medium-sized towns. Also, 38.66% of them were
citizens of East-Central Europe and only 13.38% come from Nordic nations.

The sample is well-proportioned in terms of gender, age, education; yet, there was greater
involvement of female (54.3%), middle-aged (mean age = 51.09 years), and moderately educated
individuals (41.84% of them finishing school at the age of, at most, 19 years old) and 34.81% have
multiple marriages without children, a centre political orientation (42.08%). Almost 47.33% of them
were not working, 45.84% of them were employed and only 6.84% were self-employed and 66.91% of
respondents declared that never had difficulties in paying bills and only 7.8% of them declared that
most of the time faced this issue.

Almost half of respondents have a medium level of political interest and only 16% of them were
not at all interested in such a topic.
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Asked about the importance of climate change, an overwhelming proportion of 78.71% of them
perceived it as a very serious problem and only 6% of individuals considered it not a big problem.
Also about 88.7% of citizens agreed with the fact that action on climate change leads to innovation
making companies more competitive.

In the descending order of perceived responsibility, most citizens considered national governments
responsible for the mitigation of climate change (55.28%), followed by business and industry (52.12%),
European Union (49.22%), citizens (35.41%), regional and local authorities (33.09%), and environmental
groups (29.04%). All of these actors have been mentioned only by almost 11% of the respondents.
Asked if they undertook specific actions in fighting climate change in the last six months, almost 63%
of respondents consented to this statement.

4.2. A Descriptive Analysis of Climate Change Mitigation among European Union (EU) Countries

The climate change was perceived as a very serious problem by most of the respondents
in each country, with an overwhelming proportion of citizens in Malta (93%), Greece (92%) and
Spain (89.5%). Only a very small proportion of citizens from every country considered that the climate
change is not a serious problem, with two-digit percentages for Finland (11.6%) and Austria (16%).

Asked about how the main responsibility of tackling climate change is divided among the main
actors in the field, the majority recognised the important role of national governments, EU institutions
as well as business and industry. More than half of all respondents from urban areas attributed the
main responsibility to national governments (55.3%), business and industry (52.1%) as well as EU
instructions (49.2%). Just over 30% of respondents recognised the role of themselves as important
drivers in tackling climate change, as well as the contribution of local authorities. Almost 29% of
respondents mentioned environmental groups as being responsible for tackling climate change. What
it is interesting to mention is that only 11% of all respondents attributed the responsibility of combatting
climate change to all actors involved.

From all EU member states, 18 countries recognised the importance of national governments’
responsibility in combating climate change, the leaders being Sweden (80.2%), the Netherlands (73.6%),
Malta (73.4%) and Greece (67.8%), while in the vision of the respondents from Sweden (57%),
Netherlands (57%) and Finland (51%), citizens were seen as a responsible body in tackling
climate change.

More than 4 out of 10 respondents in Sweden and Portugal (47%, respectively, 43%), Romania (44%) and
Malta (42%) assigned the responsibility of combating climate change to regional and local authorities.

An interesting remark is related to the fact that 18 EU countries attributed the responsibility of
combatting climate change to all actors involved, with the highest proportions in Portugal (21.6%),
Slovenia (19.7%) and Luxembourg (19.6%).

Citizens from the urban areas of more than 22 countries declared that they have personally
taken action to fight climate change in the past six months and this is available mostly in the case of
Slovenia (86%), Malta (85%), Sweden (81%), Spain and Finland (80%) and Luxembourg (78%) compared
to only 31% in Romania, 34% in Bulgaria and 40% in Poland (Table A2, Appendix A).

Asked about specific actions in fighting climate change (Figure 5), 73.4% of respondents declared
that they tried to reduce their waste and regularly separate it for recycling, while 62% of them resorted
to reducing consumption of disposable items, these being the most common measures taken to combat
climate change. The Energy EFF HH appliances was ranked third in the list of measures taken to
mitigate climate change, these three actions being considered as the most common measures taken by
more than half of the respondents.
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Figure 5. Types of individual action taken to fight climate change. Source: Author’s contribution.

In order to combat climate change, about 37% of the respondents declared using
environmentally-friendly alternatives to their private car, while 25% of them insulated their home better.

A small proportion of citizens, almost one in five (18%) take into account the carbon footprint of their food
purchases and tried to accommodate their shopping accordingly, while an even lower percentage of
interviewed citizens (14.7%) declared that they installed energy-saving equipment home and only 12.4% of
respondents admitted that they have tried to reduce the fuel consumption buying a new car.

The measure of considering the carbon footprint of transport, adapting their holiday accordingly, has been
adopted by only 11.8% of the respondents, while an even lower proportion of individuals claimed
that they have switched energy supplier in order to increase the energy share from renewable sources (10.7%).
Installing solar panels (6%), buying a low-energy home (5%) or buying an electric car (1.6%) are the
least undertaken actions among EU citizens.

In all countries, except for two, the majority of respondents declare they try undertook the action of
reducing and separating waste. The country recording the highest proportion of reduced and separate
waste is Sweden (91.8%), followed by Netherlands (87.8%), France (87.7%) and Luxembourg (87.5%),
while the majority of respondents declaring to reduce consumption of disposable items were from
Netherlands (84.8%), Sweden (84%) and Luxembourg (78.2%).

The energy EFF HH appliances measure taken to reduce energy consumption has been
the respondents’ choice most in the Netherlands (77.6%), Germany (65.6%) and Latvia (64.9%),
while regarding the alternatives to car use, the first three countries adopting this measure have been
Sweden (67.5%), the Netherlands (67.1%) and Germany (55.9%).

Most respondents considering to insulate their home better in order to reduce their energy
consumption were from the Netherlands (39.6%), Bulgaria (36.8%) and Denmark (36%) while Finland
and Sweden (41.3%) were the countries registering the biggest proportion of urban citizens that
considered the carbon footprint of their food purchases.

The share of citizens who bought a new car, thus reducing fuel consumption, was higher in
Denmark (27%), Sweden (20.1%) and Belgium (18.4%) while the highest adoption rate of considering
travel carbon footprint when planning their holiday have been encountered among citizens from
Sweden (41%) and Finland (26%).

An important measure for climate change mitigation is switching to an energy supplier,
contributing thus to an increase in the energy share from renewable sources. In this regard,
Sweden registered an adoption rate of 26.8%, the Netherlands (24.5%) and Belgium (22.9%).
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Urban respondents having installed solar panels in their home are most from Cyprus (24.4%) and the
Netherlands (21.5%), while 12.7% of citizens in Netherlands and 12.5% of citizens in Luxembourg have
bought a low-energy home.

Overall, the countries registering the biggest proportion of measures mitigating climate change
were Denmark (27%), Netherlands (20.7%) and Sweden (20.1%). The countries registering the lowest
proportion of measures mitigating climate change were Greece (4.6%), Spain (4.4%), Portugal (4.4%)
and Poland (4.7%).

Analysing the distribution of the number of individual actions taken to combat climate change it
can be highlighted that less than 10% of EU urban citizens took no measure to mitigate climate change,
25% took one or two actions, and 50% took at most three actions.

Only 25% of the respondents declared that they have taken more than five actions and only
1% of individuals declared to taken 9 or more actions. In urban areas, EU citizens took, on average
3 measures, the maximum of the measures taken being 13 (Table 1).

Table 1. Summary statistics on action to mitigate climate change.

Percentiles Smallest

1% 0 0
5% 0 0
10% 1 0 Obs. 18.529
25% 2 0 Sum. Of Wgt. 18.529
50% 3 Mean 3268

Largest Std. Dev. 2165
75% 5 13
90% 6 13 Variance 4688
95% 7 13 Skewness 6519
99% 9 13 Kurtosis 3229

Regarding the cumulative measures to mitigate climate change, it can be seen that the majority
from EU urban areas (91.85) took at least one measure, 77.4% of EU urban citizens took at least two
actions and only 15.4% of EU urban citizens took six or more actions. The Netherlands is the country
whose citizens adopted more than six actions in fighting climate change (52.9% in case of 6 measures)
while at the opposite end there is Poland, with only 1.1% of citizens adopting six actions in combating
climate change.

4.3. Results of the Estimated Models

In accordance with our first objective, the research explored the main socio-demographic factors
related to specific mitigation behaviour quantified by individual actions untaken to fight climate change,
with the estimation process including 13 models, one for each type of climate change individual action.

The empirical results of the null baseline random intercept model, revealed that multilevel
approach was appropriated and the log-odds of citizens share declaring having undertaken specific
actions to fight climate change in an “average” country was estimated to be β0 = 0.60.

The between-country variance of the log-odds of citizens’ share taking actions to combat climate
change was estimated as 0.455 with a standard error of 0.125. The significance of the between-region
variance was tested using a Wald test, the empirical results (Chi-square test = 1456.74 with a
p-value = 0.0099) revealing that there is a significant variation between EU countries in the proportion
of those citizens environmentally active taking specific actions in fighting climate change.

Based on the value of between-country variance (0.455), the variance partition coefficient (VPC)
was computed to be 12.15% using the formula: 0.455/(0.455 + 3.29) = 0.1215; thus 12.15% of the residual
variation in the propensity of taking actions in mitigating climate change is attributable to unobserved
country characteristics), indicating that almost 13% of the variance in climate change specific mitigation
actions can be attributed to differences between countries.
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Figure A1, Appendix A, reports the residual level-2 country effects derived from the null model
(with no explanatory characteristics) proving the differences between countries. A country whose
confidence interval does not overlap the line at zero (representing the mean log-odds of taking specific
actions to climate change mitigation across all states) differs significantly from the EU-28 average at a
95% confidence level [84].

Romania, Bulgaria and Poland are countries with the lowest probability of taking personal
actions in mitigating climate change in the last six months (largest negative values of uj) for which
the confidence intervals do not overlap with 0, pointing out that a significantly lower probability of
participation compared with the EU average has been registered by these countries. At the upper end,
Sweden, Slovenia and Malta are the countries with intervals that do not overlap with 0 with the highest
response probability (largest positive values of uj), indicating a significantly higher probability of
participating in climate change actions compared with the EU-28 average.

Proving that the multilevel approach is the appropriate one, in the second stage different
specifications of the multilevel models with only individual level characteristics were stipulated,
with 13 sequential models being estimated, one for each specific action taken by citizens in the
mitigation process of climate change, providing new and more detailed perspectives regarding the
main determinants of climate change specific mitigation behaviour. The empirical results of random
intercept models including individual-level variables are presented in Table A3, Appendix A.

For the first specific climate change action adopted at the same time by most of the citizens,
reduce and separate waste, the empirical results pointed out the statistical significance of climate
change perceived importance, the perceived responsibility of national governments, European Union,
business and industry, citizens and environmental groups, as well as the importance of climate change
actions leading to innovation in explaining the specific mitigation behaviour.

Also, most of the socio-demographic variables exhibited statistical significance: gender, age,
education, occupation, facing difficulties in paying bills, marital status (children), type of urban area,
types of EU region, political interest as well as political ideology.

Analysing the individual characteristics, it can be highlighted that women, from the age groups
45–54 years and 55–64 years, with a high level of education, with multiple marriages with children,
usually employees, without difficulties in paying their bills, living in small towns from Western Europe,
Southern Europe or Nordic Nations, having a leftist/liberal or centre political orientation and a high
level of political interest, were inclined to adopt this specific action in fighting climate change.

The empirical results of the second specific action adopted by the most respondents—use
fewer disposable items—revealed that people perceiving the climate change as a serious problem,
considering that the responsible bodies in fighting this phenomenon are national governments,
the European Union, business sector, local authorities or citizens themselves or acknowledging that
the role of climate change actions are more inclined to undertake this action. Analysing the profile of
individuals adopting this action, it can be mentioned that women more than 35 years old, with a high
level of education, with multiple marriages with children, usually without any problem in paying bills,
living in Western Europe and Nordic nations having a leftist/liberal or centre political orientation and a
high level of political interest were more inclined to fight climate change using less disposable items.

The empirical results of the third action taken to combat climate change—energy EFF
HH appliances—highlighted that people perceiving climate change as a very serious problem,
those considering that the main responsibility in tackling this negative phenomenon rests with
national governments, European Union, business sector or themselves, as well as those acknowledging
the importance of climate change actions on the path to innovation, were more willing to adopt
this action.

The fourth action adopted in combating climate change—alternatives to car use—was more likely
to be considered by people perceiving the climate change as a very serious problem, those considering
that the main responsibility in tackling this negative phenomenon rests with national governments,
European Union, or themselves. Regarding individual characteristics, more educated women, 55 years
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old and over, living usually in large towns, having multiple marriages without children, and without
having difficulties in paying bills or living in Western Europe as well as in Nordic nations, having an
increased level of political interest and a leftist/liberal political orientation, are more determined to
combat climate change by adopting this specific measure.

The fifth action mentioned by the citizens in the climate change mitigation— better insulated
home—was more likely to be considered by people perceiving the climate change as a very
serious problem, those considering that the main responsibility in tackling this negative phenomenon
returns mainly to citizens. Exploring the citizens’ profile, it can be highlighted that men, with a higher
level of education, from all age categories, usually self-employed, living in small towns, having multiple
marriages with or without children, without any difficulties in paying bills and having an increased
level of political interest and a right/conservative political orientation.

Concerning the sixth action adopted—food carbon footprint—the empirical results revealed that
people perceiving the climate change as a very serious problem, those considering that the main
responsibility rests mainly with national governments, regional or local authorities as well as to citizens,
or acknowledging the importance of climate change actions on the path to innovation were more likely
to take such an action. Highlighting the individual profile, it can be mentioned that women, from the
age category 65 years old, more educated, having multiple marriages with our without children,
not facing any difficulties in paying bills, living in Western Europe or Nordic nations, having an
increased level of political interest or a leftist/liberal political orientation, were more inclined to adopt
this action as climate change mitigation measure.

The empirical results of the seventh action—energy saving equipment at home—revealed that citizens
considering that the main responsibility returns regional or local authorities, environmental groups
or even themselves and living in small towns from Western Europe or Nordic nations, from all
age categories, with a higher level of education, usually self-employed, having multiple marriages
with or without children, with a very strong political interest and a liberal political orientation, were
more inclined to adopt this action.

The eighth action—low fuel consumption car—was taken as climate change mitigation more likely by
those citizens perceiving climate change as a very serious problem, attributing the main responsibility
of climate change mitigation to citizens, those living in small towns, from countries in Western Europe
or Nordic nations, without any difficulties in paying bills, being men, either less than 44 years old or
over 65 years, with a higher level of education, usually self-employed, having multiple marriages
with our without children, having a medium and strong level of political interest and a liberal
political orientation.

The ninth action—travel carbon footprint—was more likely by those citizens perceiving climate
change as a very serious problem, attributing the main responsibility of climate change mitigation
to citizens, living in large towns, from Western Europe or Nordic nations, not facing any difficulties in
paying bills, being women, educated people, usually self-employed, having a medium and strong
level of political interest and with a leftist/liberal political orientation.

The empirical results of the tenth action—switched energy supplier—revealed that those citizens
perceiving climate change as a very serious problem, considering that the main responsibility rests
with citizens, acknowledging the importance of climate change actions on the path to innovation,
living in Western Europe or Nordic nations, with a high level of education, usually self-employed,
having multiple marriages with our without children, an increased level of political interest, were more
inclined to adopt this action in the mitigation process of climate change.

The eleventh action—installed solar panels at home—was a climate change mitigation more likely
to be taken by those citizens considering that the main responsibility returns to regional authorities,
business sector, living in small towns, from Western and Southern Europe, educated people, from the
age category 55–64 years old, usually self-employed, having multiple marriages with our without
children and a centre political orientation.
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The twelfth action—bought low-energy home—was a climate change mitigation more likely to be
taken by those citizens considering that the main responsibility returns to business sector, living in
small towns, from Western Europe, being men, educated people, usually self-employed, not facing any
difficulties in paying bills, having multiple marriages with our without children and a very strong
political interest.

The last action—electric car—was a climate change mitigation more likely to be taken by
those citizens considering that the main responsibility returns to regional and local authorities,
living in Western Europe or Nordic nations, educated people, having at most 44 years old or over
65 years old, usually self-employed, having multiple marriages with children and a right/conservative
political ideology.

The mitigation actions exhibiting the largest variance at country level among individual
characteristics were the following: installed solar panels home (12.27%), reduce and separate
waste (10.59%), switched energy supplier (9.37%) and food carbon footprint (9.12%).

Going further in our research analysis, in accordance with our second objective and after exploring
the main determinants of citizens’ decisions to undertake specific individual actions to fight climate
change, the research investigated factors that relate to extra behavioural engagement, trying to find
what determines some people to be involved in an extra commitment (i.e., do “more”) to mitigate
climate change as compared to others, testing the validity of modernization thesis. In this context,
the modernisation thesis has been tested, stipulating that extra mitigation behaviour is more likely
to occur in more modernized developed economies. Therefore, in order to prove this, 12 alternative
models have been estimated, for different proxies of modernization thesis including also those models
taking into account cross-level interaction terms.

The empirical results of the null baseline random intercept model revealed that the multilevel
approach was appropriated and the log-odds of extra personal engagement in mitigation behaviour in
an “average” country was estimated to be β0 = −1.226.

The between-country variance of the log-odds of citizens’ extra mitigation behaviour was estimated
as 0.842 with a standard error of 0.228. The significance of the between-region variance tested with the
Wald test (Chi-square test = 2495.02 with a p-value = 0.00) revealed that there is a significant variation
between EU countries in the extra personal engagement in mitigation behaviour.

The variance partition coefficient (VPC), determined using the value of between-country variance
is 20.37%, revealing that 20.37% of the residual variation in the propensity of extra mitigation behaviour
is attributable to unobserved country characteristics.

Figure A2, Appendix A reports the residual level-2 country effects derived from the null model
(with no explanatory characteristics) proving the differences between countries. A country whose
confidence interval does not overlap the line at zero (representing the mean log-odds of taking multiple
actions to climate change mitigation across all states) differs significantly from the EU-28 average at
the 5% significance level [83].

Poland, Croatia, Lithuania and Italy are countries with the lowest probability of extra mitigation
behaviour (largest negative values of uj) for which the confidence intervals do not overlap with 0,
indicating that they have significantly lower probability of extra mitigating climate change than the
EU average. At the upper end, the Netherlands, Sweden, Denmark and Luxembourg are the countries
with intervals that do not overlap with 0 with the highest response probability (largest positive values
of uj), indicating a significantly higher probability of extra mitigation of climate change compared with
the EU-28 average.

Stipulating that the multilevel approach is the appropriate one, the research built different
specifications of multilevel modelling including both individual level characteristics as well as
country-level factors related to modernisation thesis in order to extra mitigate climate change.

Therefore, 12 alternative models have been estimated capturing the main determinants of extra
mitigation behaviour among EU citizens, the empirical results being presented in Table A4, Appendix A.
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The empirical results of all alternative models revealed that climate change extra mitigation
personal behaviour was more likely to be adopted by citizens perceiving the climate change as is
a serious problem, attributing the responsibility of fighting against this phenomenon to national
governments, regional or local authorities, business sector or themselves contributing through multiple
actions undertaken to the transition to a circular economy.

Also, the importance of climate change actions leading to innovation and making companies
more competitive was positively associated in all models with an extra personal engagement in
mitigation behaviour.

All tested socio-demographic variables manifested a statistically significant impact on the decision
of adopting an extra mitigation personal behaviour, the estimates of individual-level demographics
being almost identical in all alternative models.

Female gender, from the age category 55–64 years old exhibited a higher level of extra
mitigation habits, the empirical results pointing out the existence of an inverted U-shape between age
and citizens’ extra behavioural engagement in fighting climate change. Also, a positive association has
been found between education and the extra mitigation behaviour, with people with a higher level of
education being more inclined to adopt multiple actions manifesting a higher level of commitment.

Also, the empirical results revealed that people of a leftist/liberal political orientation and a higher
level of political interest displayed an extra behavioural engagement in climate change mitigation,
while self-employed people, without any difficulties in paying bills, married with or without children,
living in small towns, in Western Europe or Nordic nations were more willing to engage in extra
mitigation behaviour.

The modernisation thesis have been only partially supported by the empirical results of models
II, IV, V, VI, VIII, IX; a higher level of extra mitigation behaviour being encountered among citizens
from countries with a higher level of human development and social progress, a higher proportion of
individuals with internet skills and access, and a higher level of policy performance and environmental
policy protection.

Therefore, the modernisation thesis was strongly supported by the results of the second model;
citizens from countries with a higher level of human development exhibiting also a higher level
of extra behavioural engagement to mitigate climate change. A similar result was confirmed by
the statistical significance of social progress index; citizens from countries with a higher level of
social progress exhibited a higher level of extra engagement to mitigate climate change. Also, the
digitalisation hypothesis made its contribution to the validity of the modernisation thesis, with citizens
from countries with a higher level of individual internet skills and access being more determined to
engage in extra mitigation behaviour.

The modernisation thesis was also supported by the statistical significance of SGI governance
indicators; citizens from countries with a higher policy performance as well as those from countries
with a higher environmental policy protection were more willing to adopt multiple actions in fighting
climate change.

Finally, it can be pointed out that the modernisation thesis was only partially validated, due to the
lack of statistical significance of GDP per capita at PPS, a proxy for a country’s wealth level; the HPI
index a proxy for the level of country sustainable well-being; and the SGI government effectiveness a
proxy for the efficient implementation of governmental policies.

Furthermore, it was worth testing if the effect of modernization thesis on the extra behavioral
engagement to mitigate climate change, depends on the segmentation large town vs. small or medium
town. Therefore, different random intercept models with cross-level interactions have been estimated.

Until now, the models assumed that the contextual effect of the modernization thesis is the same
for all citizens regardless of whether they live in big or small cities. In this stage, we have modified this
assumption allowing the effect of modernization thesis on the extra mitigation behavior to depend on
the country level variables associated with this thesis and also on the urban area type, including in the
model the interaction between country level variables and the type of the town in which the citizen is
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living as cross-level interactions terms. Another nine alternative models have been estimated, but given
the limited space within the paper, we have decided to present only those exhibiting statistically
significant impact on the extra mitigation behavior.

The empirical results of the models X, XI and XII displayed in Table A4, Appendix A revealed
that the marginal effect of modernization thesis supported by the statistical significance of HDI,
SPI, SGI environmental policy protection score on the level of extra behavioural engagement to
mitigate climate change positively and significantly depends on the segmentation large vs. small or
medium town.

Therefore, in a country with a higher level of human development, social progress or a higher
level of environmental policy protection, citizens living in large towns exhibited a higher level of extra
engagement in mitigating climate change compared with those living in small or medium towns.

4.4. Summary of Findings in Relation to Specific Mitigation and Extra Mitigation Behavior

In Figure 6, we summarize our overall findings in relation to the main hypotheses tested, providing
information on the positive relationship between specific factors and each specific action of combating
climate change as well as an extra mitigation behaviour in fighting climate change. It also provides
information on the modernisation theory supported by each statistically significant finding, along with
clarifying remarks.

Analysing the empirical results of specific mitigation behaviour models, the pro-environmental
variables were statistically significant in eight of the specific actions models, stipulating the relevance
of pro-environmental attitudes in combating climate change. Therefore, individuals acknowledging
the importance of climate change, being aware of their responsibility in fighting this phenomenon
together with other institutional bodies, and recognising the importance of climate change actions
were found to be more inclined to adopt specific actions in mitigating climate change. Thus,
hypothesis H1 has been partially validated for the specific actions: reduce and separate waste,
use disposable items, energy appliances, alternatives to car use, insulated home better, food carbon
footprint, low fuel consumption car, switch energy supplier. Also, hypothesis H1 has been fully
validated in the case of extra mitigation behaviour, by the positive and statistically significant coefficients
of pro-environmental proxies.

Hypothesis H2 regarding the profile of individuals engaged in specific mitigation behaviour is
validated in most of the cases, with the exception of three specific actions. Therefore, females, mostly
55–64 years old, married with children, with a high level of education, self-employed, with a left-or
center political ideology and a high level of political interest) were more inclined to adopt the following
specific actions as measures to combat climate change: reduce and separate waste, use disposable items,
energy appliances, alternatives to car use, food carbon footprint, switch energy supplier, energy-saving
equipment home, travel carbon footprint, electric care. For the other specific actions concerning
insulated home better, low fuel consumption car and bought a low-energy home, the profile of
individuals inclined to adopt these actions is: male, young people (15–24 years old), with high level of
education, self-employed, married with or without children, having a right political ideology and a
high level of political interest.

Hypothesis H2 has been fully validated in the case of extra mitigation behaviour, by the positive
and statistically significant coefficients of socio-demographic variables.

Hypothesis H3 has been partially validated by the positive and statistically significant coefficients of
the models investigating the following seven specific actions: reduce and separate waste, use disposable
items, alternatives to car use, food carbon footprint, low fuel consumption car, travel carbon footprint
and bought low-energy home. Therefore, individuals not facing any difficulty in paying bills, living in
small or medium towns from Western Europe or Nordic nations are more likely to engage in specific
actions in fighting climate change.

Hypothesis H3 has been fully validated in the case of extra mitigation behaviour by the statistically
significant coefficients of economic variables.
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In the context of urban environments, it was important to analyse the impact of the segmentation
small-medium urban area vs. large urban area on the decision of specific mitigation behaviour in
fighting climate change, the empirical results clearly pointing out the statistically significance of urban
area coefficients, revealing also that actions such as energy EFF HH appliances, insulated home better,
energy-saving equipment home, low fuel consumption car, installed solar panels home, bought low
energy home, were more likely to be adopted by citizens from small towns.

Hypothesis H4 concerning the validation of the modernisation thesis in relation to an extra
mitigation behaviour has been only partially supported by the positive and statistically significant
coefficients of human development index, social progress index, individuals’ level of internet skills
and access, SGI policy performance score and SGI environmental policy protection score. Therefore,
citizens from more developed and modernized countries are more likely to exhibit a higher level of
extra mitigation behaviour.

A related finding acknowledged that the effect of modernization thesis on extra mitigation
behaviour depends on the segmentation large town vs. small or medium town, this fact being
supported by the positive and highly significant coefficients of cross-level interaction terms between
large town and country level variables related to modernisation thesis, revealing that citizens living in
large towns in countries with a higher level of human development, a higher level of social progress or
a higher level of environmental policy protection, were more likely to exhibit a higher level of extra
mitigation behaviour.

4.5. Discussion

In order to mitigate climate change and also to pave the way to circular economy, the role of citizens
is fundamental and a shift in personal behaviour is highly required. In combating climate change,
the actions need to cover multiple measures and to target the implications of the main actors-local
governments, business sector, civic society, environmental organisations and European institutions.
The present research acknowledges the important role of citizens in tackling climate change, aiming to
assess the role of socio-demographic, economic and environmental factors in fighting climate change
as well as the validity of the modernisation thesis regarding the extra mitigation behaviour, exploring
the between-country variation in both specific and extra mitigation behaviour.

A central question in this study was: what determines some people to engage in adopting specific
and extra mitigation behaviour compared to others? The findings revealed that there is a mix of factors
that influence both specific and extra mitigation behavior.

Overall, the findings reinforce earlier evidence that pro-environmental behaviour acknowledging
the importance of climate change, climate change actions and the main responsibility in tackling
this phenomenon are more associated both with a specific mitigation as well as an extra mitigation
behaviour [58,59,62,67,69].

The perceived importance of climate change was significantly associated with specific and extra
mitigation behaviour. In line with the previous studies [63–67], the findings emphasize the role of
perceived importance of climate change on eight types of specific mitigation actions as well as on extra
mitigation behavior.

Another driver of specific and extra mitigation behavior was related to the perceived responsibility
in tackling this phenomenon, with the empirical results subscribing to studies in literature [87]; if
citizens are more aware about their own responsibility and actions in mitigating climate change, this
awareness will lead them in the direction of acting and adopting specific or multiple actions in fighting
this phenomenon.

In contract with previous studies [91,92], the perceived importance of climate change actions
seems not to determine as expected individuals engaging in specific actions, with the empirical results
revealing a significant impact only for few specific measures. This is not the case for extra mitigation
behavior, in which the increased perceived importance of climate change actions leading to innovation
is associated with a higher level of extra mitigation.
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The research strongly supports the idea that-despite empirical evidence from previous
environmental studies [80,98] a variety of individual and country-level socio-demographics are
significant correlates of specific and extra mitigation behavior in response to climate change.

In line with the work of [156,158,159,161,168], partial validation of modernization thesis have
been achieved-a higher level of engagement to mitigate climate change being predominant in countries
with a higher level of human development and social progress, a higher proportion of an individual’s
internet skills and access, a higher level of policy performance and environmental policy protection.

Another important result of our analysis is related to the fact that the effect of modernisation thesis
on the extra mitigation behaviour of climate change depends on the type of urban area. Therefore,
citizens living in large towns in countries with a higher level of human development, a higher level
of social progress or a higher level of environmental policy protection were more likely to exhibit a
higher level of extra mitigation behaviour [162].

4.6. Limitations and Recommendations for Further Study

The study presents several limitations that should be taken into account for further research. Firstly,
the use of Eurobarometer dataset, despite the advantages, restricted the aim of the research questions
by not allowing the investigation of other relevant associations of mitigation behaviour. Thus, further
research could incorporate additional factors among which the individuals perceptions of self-relevance
or the split of environmental activism and citizenship into public/political. Secondly, the research used
self-reported data (instead of actual measured mitigation behaviour). Thus, the discrepancy between
perceived and objective knowledge (and their relationships) deserves future attention in studies on
climate change-motivated behavior. Thirdly, the analysis took into account only environmentally
active citizens from urban areas, due to the main purpose of our research regarding specific and extra
mitigation behavior. However, the exclusion of the environmentally inactive respondents should be
recognised as an important limitation and cautions should be attributed in generalizing the results to
non-environmentally active individuals.

Future research could be enlarged by including a broader segment of environmental respondents
(the least receptive to the problem of the environment). Fourthly the study focused only on direct
associations between factors and extra mitigation behavior. Future research could explore also a
potential mediation analysis between different factors in explaining better the mitigation behaviour.
Also, in further work, the lagged influence of climate change importance in revealing the determinants
of mitigation behaviour could be incorporated and tested. Last but not least, the validation of the
modernisation thesis opens the door for exploring also other theses with impacts on climate change
mitigation behaviour. In the near future, country differences could be analysed also from the perspective
of individualism thesis, long-term orientation or regional discrepancies.

5. Concluding Remarks

Taking into account all the findings of our research, the following can be concluded:

1. A shift in personal behaviour is required—from limited or sporadic actions toward exhibiting an
extra mitigation behaviour in fighting climate change.

2. Two types of behaviour can be encountered among EU citizens—an individual mitigation
behaviour based on singular actions undertaken to combat climate change and an extra mitigation
behaviour based on multiple actions taken in fighting climate change.

3. Pro-environmental factors, socio-demographics, economic and country-level factors proved their
role in explaining both specific and extra mitigation behaviour through personal engagement.

4. Modernisation thesis substantiated its validity revealing that both specific and extra mitigation
behaviour is higher in more modernised countries.
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5. By acknowledging the role of citizens in addressing climate change, and encouraging them
to undertake different specific actions and doing more in fighting climate change by adopting
multiple actions, we pave the way for a circular economy.

6. Through their contribution to waste reduction, eco-shopping, eco-friendly transportation or
domestic energy reduction, citizens ensure the transition to a circular urban economy.

Author Contributions: All authors have been equally contributed to the paper. All authors have read and agreed
to the published version of the manuscript.
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Appendix A

Table A1. Variables explained.

Country-Level Explanatory Variables Data Source Expected Sign

The modernisation theory

Gross Domestic Product (GDP) per capita in
PPS is computed to by the GDP in PPS (current
prices, million purchasing power
standards)/population.

National Ac. Database, Eurostat;
Employment and Unemployment Database,
Eurostat.

Positive

Human Development Index (HDI) 2019
UNDP, Human Development Reports,
http://hdr.undp.org/en/content/human-
development-index-hdi

Positive

Happy Planet Index (HPI) 2019 http://happyplanetindex.org/ Positive

Social Progress Index (SPI) 2019 https://www.socialprogress.org/ Positive

Individuals’ level of internet skills in urban
area (%)
The share of individuals from urban area who
have used a search engine to find information
(cities, towns and suburbs).

https://appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do Positive

Individuals’ level of internet access in urban
area (%)
The share of individuals from urban area (cities,
towns and suburbs) who have used the internet
in the last 12 months.

https://appsso.eurostat.ec.europa.eu/nui/
submitViewTableAction.do Positive

Government Effectiveness Score 2019 from
SGI Indicators

Sustainable Governance Indicators,
SGI Network,
https:
//www.sgi-network.org/2019/Governance/
Executive_Capacity/Implementation

Positive

Policy performance score 2019 from
SGI Indicators

Sustainable Governance Indicators, SGI
Network,
https://www.sgi-network.org/2019/Policy_
Performance

Positive

SGI environmental policy protection score
2019 from SGI Indicators

Sustainable Governance Indicators, SGI
Network,
https://www.sgi-network.org/2019/Policy_
Performance/Environmental_Policies/
Environment/Environmental_Policy

Positive
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Figure A1. Country-level effects of null model for the decision to undertake climate change individual
actions. Source: Author’s contribution.

Figure A2. Country-level effects of null model of extra mitigation behaviour. Source: Author’s contribution.
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Abstract: The problem of diminishing resources on our plant is now getting due attention from the
governments as well as scientists around the world. The transition from a linear economy to a circular
economy (CE) is now among the top priorities. This article discusses the implementation of the
circular economy paradigm in Poland through the analysis of the existing and planned mechanisms,
and actions taken by the Polish government which can be replicated by other young European
countries. Further, the article discusses the direction of change and projected measures planned
by the Polish government to improve the quality of municipal solid waste management. In this
context, profitability analysis is carried out for two methods of waste processing (incineration and
torrefaction) intended for small municipalities and settlements in which district heating and trading
of generated electricity are not feasible. The results of the analysis shows that torrefaction is clearly a
more desirable waste processing option as a step towards the implementation of CE for civic society
in the urban context, as well as profitability, in comparison to incineration. The analysis accounts for
several scenarios before the lockdown caused due to the COVID-19 pandemic and after it was lifted.

Keywords: circular economy; profitability analysis; municipal solid waste processing; incineration;
waste recycling; torrefaction; COVID-19

1. Introduction

The rapidly rising social awareness appeals for changes in the approach towards the use of
resources in the widely understood economy and industry. Concern for the resources on our planet
is undoubtedly a serious matter, as their volume continues to shrink while the demand continues
to grow, due to a constantly increasing population and modernization of lifestyle. Projections by
the United Nations (UN) show that the current global population stands at around 7.7 billion and
that it will continue to grow to nearly 10 billion by the year 2050 [1,2]. According to the World
Wide Fund For Nature [3], assuming that all people on the planet have the same lifestyle as in the
European Union (EU), human beings would consume ecosystem resources intended for the whole
year by May 10th [4]. The intergovernmental Science-Policy Platform on Biodiversity and Ecosystem
Services (IPBES) document [5] discusses the highly negative impact of economic development on the
environment and ecosystems. In particular, the areas occupied by cities have nearly doubled since
1992. Almost 33% of land areas and 75% of potable water resources are used for plant and animal
production, while plastic pollution has increased from 4.86 (urban population 39%) billion in 1980 to
7.8 billion (urban population 56%) in 2020 [6]. This situation calls for a shift in the strategic perception
and immediate changes in the approach towards a responsible use of natural resources, including
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secondary resources and recycling of waste. In order for the changes to be effective, they must cover
a wide range of entities and processes in various dimensions—including construction, production
and technology, material, organizational, institutional, political, economic and socio-cultural aspects.
This is emphasized in many scientific publications dedicated to the circular economy (CE) [7–11].

In 2015, all UN member states voted for the adoption of the 2030 Agenda for Sustainable
Development, which highlights 17 Sustainable Development Goals (SDGs) and specific targets for each
goal [12]. Among these 17 SDGs, Goal 12: ensure sustainable consumption and production patterns
and Goal 11: make cities and human settlements inclusive, safe, resilient and sustainable, are directly
related with the theme addressed in this article, whereas, Goal 7: ensure access to affordable, reliable,
sustainable and modern energy for all and Goal 9: to build resilient infrastructure, promote inclusive
and sustainable industrialization and foster innovation, are also somewhat related to it. The idea of a
CE is not new, since various solutions have already existed in the scientific and economic literature,
e.g., the concept of sustainable development [13,14]. Researchers have argued that, even if well-off
countries incur high spending to protect the environment, the relative effects of their actions would be
rather weak [15]. The current linear model of the economy is a hindrance towards solving the problem
of waste, CO2 emission or extraction of natural resources, as it contradicts the business interests of
the global economic powers. Moving together towards a CE model, which guarantees sustainability
and competitiveness simultaneously, would be the most effective solution [9,15]. CE opens vast
opportunities for various kinds of businesses and, increasing the material circularity within the
economy, can also alleviate poverty, but systemic and disruptive changes would only take effect if
significant changes to the existing regulatory structures were carried out [16].

The European Union (EU) adopted a CE Action Plan, in December 2015, to steer the existing
economic development model towards a more sustainable one. This action plan mandates a continued
commitment of all EU stakeholders for a transition to a more circular economy, where the value
of products, materials and resources would be maintained as long as possible, and the generation
of waste would be minimized [17]. In 2019, 4 years after its adoption, the action plan was finally
considered to be fully complete and consists of 54 actions which have been delivered or are being
implemented [18]. The 54 sections have been divided into various categories, such as: production,
consumption, waste management, market for secondary raw materials, and sectoral action for plastics,
food waste, critical raw materials, bio-mass and bio-based materials, innovation and investments,
and monitoring. For waste management, one of the first actions was to revise the legislation enforcing
the principles of the CE to the existing waste management policies. Through the directive (EU) 2018/851
of the European Parliament and the Council of 30 May 2018, the previous Directive 2008/98/EC on
waste was amended [19]. Since this directive, different measures have been taken by the EU member
countries and researchers have carried out various studies in this regard as well. In terms of municipal
waste management, it has been found that the Central and Northern EU members are among the best
performers, whereas, the worst are Eastern European countries [20]. The barriers found for waste
management in Eastern as well as some Central European countries include: a focus on low-cost
options, vast discrepancies of waste management performance across different regions and lack of
cooperation between different layers of multi-governance in waste management [21]. Hence, it is safe
to say that these countries would be more inclined to adopt a waste processing method following the
CE principle, if there are higher profits or financial incentives involved as compared to the existing
methods. This study, through the profitability analysis on empirical data, would recommend one such
waste processing method, a vital practical implication.

As a member state of the European Union, Poland is obligated to implement and transpose all
legal solutions established by the EU institutions onto the national legislation. However, not without
a critical assessment. Polish postulates submitted to the European Commission in September 2015
addressed four important issues [22]: (i) support for innovative initiatives; (ii) consideration of
the service sector in the CE implementation; (iii) enhanced flow of raw materials; and (iv) an
improvement of their quality by means of sustainable production and consumption. In January 2016,
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Poland announced its position in which it supported shifting to CE, however, under certain conditions
enabling adjustment of goals to the capacity of individual member states. The formal state authority,
responsible for the implementation of actions and preparation of Poland to the transformation of the
Polish economy to CE is the Ministry of Development which, pursuant to the national legislation,
appointed the Task Force for CE composed of the representatives of ministries involved in the economic
transformation. The effect of works of the Task Force was publishing—as early as December 2016—of
the draft concerning the Polish Circular Economy Roadmap. The direction of actions presented in
the document is de facto compliant with the understanding of CE described above. As stated in the
roadmap: “The concept of sustainable production is based, not only on the principle of increasing the
resource productivity that is decreasing the volume of raw materials consumed for a unit of produced
goods, but also on anticipating the reduction of negative environmental impact of the production
processes, including, in particular, the context of reducing greenhouse gas emissions and volume
of produced waste” [23]. This is why we focus in this article on waste management, in particular,
municipal waste management.

There has been prior research on municipal waste management, and sustainable model solutions
for it have also been proposed in Poland, other parts of EU and the world [20,24,25]. There has
been intensive progress in Poland for waste management, however, studies in the literature do not
address the cost effectiveness option, which is one of the barriers towards implementation of CE in
this sector [21]. There is a lack of empirical studies which discuss the profitability of adopting CE
concepts for waste processing, especially in this part of Europe. One of the reasons for this is the
limited access to actual market data used by the waste management companies, which is usually
guarded as a business secret. With this article, we wish to address this gap in the literature. In general,
the aim of our research is to elaborate on the implementation of CE in Poland, one of the younger
EU countries but also one of the largest member states, in terms of municipal waste management
and to draw out the examples which could be useful for other young EU countries, especially the
Visegrad four (Czech Republic, Hungary, Poland and Slovakia). Among the Visegrad four, Poland is
leading the way in waste management [26,27], especially in terms of policies, and still there is scope
for improvement. In particular we aim to carry out the profitability analysis, on empirical data, for two
methods of waste processing, incineration and torrefaction, intended for small municipalities and
settlements in Poland in which district heating and trading of generated electricity are not feasible,
to show which method would be more beneficial in terms of profitability as well as CE concept.

The structure of the article is as follows. After giving a brief introduction to the article in Section 1,
findings from the literature regarding municipal waste management, implementation of circular
economy and actions taken by Polish government towards implementation of CE, are elaborated in
Section 2. This is followed by the background of the case study and the description of data and methods
used for the profitability analysis of two methods of municipal solid waste management, incineration
and torrefaction, in Section 3 which include the results of the case study in Section 2. The case study
accounts for the conditions that existed prior to the lock-down caused due to the COVID-19 pandemic
and after the re-opening, in Poland. This is followed by the conclusions in Section 4 and lastly, Section 5
highlights the limitations of the current study and the future research horizons it opens up.

2. Circular Economy and Municipal Waste Management in Poland

2.1. Circular Economy—Actions Taken by Polish Government

Scientists, businesses and governments around the world have discussed various roadmaps
towards achieving circular economy in general as well as waste management in particular [10,28–31].
Poland also drafted its own CE roadmap after a critical analysis of the prevaling conditions and the
new directive by the European Commission [23]. This draft of the Polish CE Roadmap was included
as one of the elements of the Strategy for Responsible Development (the official strategy of the Polish
government) and submitted for inter-ministerial and social consultations. The document consists of
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four parts concerning the identified economic issues (or actions): sustainable industrial production,
sustainable consumption (SC), bioeconomy and new business models. There is a large interest among
young EU countries, to integrate the idea of the economy in a closed system, to waste management, as a
positive correlation between waste generation and recycling rates has been observed [32]. The main
aim here is to minimize the amount of waste generated and to manage the resulting waste in
accordance with waste hierarchy (waste prevention, preparation for re-use, recycling, other recovery,
disposal). According to the implementation of the idea of the economy in a closed system, there is
an obligation to collect detailed data on waste management. In Poland, the Central Statistical Office
is responsible for keeping these detailed records. It prepares reports based on the “Waste Catalog”,
dividing the waste into groups, subgroups and types, depending on the source of their generation [33].
The Sections 2.1.1–2.1.4 elaborate the four important actions towards CE by the Polish government
and some related actions or literature from other countries, especially the Visegrad four.

2.1.1. Promotion of Life Cycle Assessment (LCA)

Implementation of control measures at each stage of the value chain and environmental impacts
are not novelties in science, however, the CE perspective provided this approach with a more
comprehensive method of production settlement. For example, see [34], where the authors compared
the productivity in different production systems: conventional and innovative, with the use of
various indicators. They presented direct, indirect and total emissions in a life cycle, recovered
waste, consumption of primary resources, as well as carbon dioxide emission maps, presenting the
effects for the entire supply chain. From the literature, it is evident that, an inclusion of CE principles
to a sustainable supply chain management may give noticeable benefits for both, environmental
protections and market volatility perspectives [34,35]. According to CE principles, product information
disclosure must contain data concerning the chemical composition, decomposition and environmental
impact throughout the entire life cycle. This applies both, to the cycle, understood as use period,
and to all or selected elements related to acquisition of resources, transport, production process,
using and withdrawal from the market [36]. Thus, the assessment covers the calculation of the
volume of raw materials and energy consumers, as well as emissions into the environment. In
a critical global review of LCA in municipal waste management Europe and Asia to be leading
in such studies, whereas 178 countries having no published studies in this regard since 2013 [37].
In Poland LCA is a part of Environmental Protection Law, State Ecological Policies, Strategies for
implementations of integrated product policy and changing production and consumption models
leading to more sustainable and circular economy. LCA is also an integral part of waste management,
assessment of new technologies, public procurements and eco-labeling [38,39]. Moreover LCA is also
an evaluation criterion for access to public subsidies from structural funds, such as the Innovative
Economy Operations Program. One of the cases for application of LCA in Poland was in the analysis of
the life cycle of industrial water meters [40]. Complete information on the production of water meters,
which covered factors including, e.g., supply of raw materials, transportation, production, its use and
so on, were documented on balance tables for a set of quantities and, as a result, components were
created. Based on these assessments, the criteria for the acceptance of industrial water meters were
agreed upon. Another example is the study by [41], which compared the LCA of current and future
electricity generation systems in Poland and Czech Republic. Various LCA models have been used
to assess the municipal waste management in Poland which have lead to positive recommendations
towards higher efficiency of waste management [39,42,43]. As compared to Poland, such assessments
for municipal waste management have not been carried out in young EU countries, especially the
Visegrad four [37].

2.1.2. Sustainable Consumption (SC)

Over the past several years, the European member states have formed various strategies to
promote SC. Most of these strategies concentrate on improvements in technology for production and
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products itself and have little or no focus on the consumers’ consumption practices. Nevertheless,
communication with the consumers, through labels or information campaigns, to steer them towards
more sustainable behaviour has been carried out to certain extent [44]. In Poland, the essence of
the second action on SC, was to implement any and all activities aiming at changing the lifestyle
of citizens including, primarily, the approach to widely understood consumption of tangible goods.
Both the relative absence of wars, and large economic disasters in recent years, had contributed to a
dynamic growth of consumption throughout Europe. Due to the COVID-19 pandemic, the subsequent
lock-down and the on going after effects has brought about a change in the consumers’ consumption
patters [45–47]. Scientists have raised the question whether COVID-19 would actually aid in increasing
SC or due to the after effects, such as social distancing, would actually cause a negative effect on SC [48].
This remains to be seen in the coming years. Prior to the COVID-19 pandemic, the scientists studying
SC reported that following the other EU Member States, Poland recorded a several percent growth in
GDP in the period of 2003–2012 and, thus, a growth in consumption expenditures related to the general
increase in wealth of the society [49]. However, the education level did not keep pace with consumption
levels and the threats posed by this process to the natural environment. Change in the approach to
consumption is neither swift nor easy, however, it can be supported by technological changes that take
place globally throughout the world. For instance, Genus [50] describes the technological changes,
for example: common access to the Internet, digitisation; and sociological changes, such as direct
communication between the clients and fashion designers or change of attitude to “do it yourself”
(DIY), which reduces mass production in favour of one’s own production.

Issues, emphasized in the scientific literature, translate into political actions. This is why the
communication of the European Commission clearly states that the choices made by the consumers
may support CE development or impede it [17]. SC is supposed to satisfy basic human needs and,
at the same time, minimize consumption of natural resources and reduce production of waste and
emissions. The actions taken by Poland in this scope address the CE concept and the process itself
accelerates by regulations in three core areas [22]:

• Municipal waste management by mandatory segregation into fractions (paper, plastics, glass,
municipal waste)

• Disposal of so-called bulk waste to the city collection points
• Collection of used batteries in dedicated containers

Other regulations for the implementation of selective collection of hazardous waste from
households, not covered by the existing collection system, are under planning. Another crucial element
is the economic incentive applied by the government for the citizens to move towards CE. For instance,
in the form of the My Current programme [51], the households receive reimbursement of partial costs
for installation of solar cells, which promotes renewable electricity generation. The government had
also lowered the excise tax for electric vehicles to 0%, encouraging the citizens to transition from
conventional fuel vehicles to electric ones [52]. The government also initiated the Clean Air Program,
which offers co-financing for replacing old and inefficient heat sources with solid fuel for modern heat
sources that meet the highest standards, as well as carrying out accompanying thermo modernization
works of the building [53]. The Clean Air program budget is set at the level of 103 billion PLN,
with an implementation period until 2029. An equally important initiative, being undertaken for
addressing the CE, is raising awareness and actions on food wastage. According to research performed
for the Federation of Polish Food Banks in 2018, Poles waste nearly 235 kg of food per annum [54].
The change effort concentrates primarily on raising awareness on the consumer side, as building
internal inhibitions for the consumer and society is the most effective long term solution.

2.1.3. Bioeconomy

EU has been leading the way when it comes to transitioning to bioeconomy, especially through
the initiatives under the Horizon 2020 programme [55]. Poland on its road to implement CE, has taken
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several steps towards a bioeconomy, i.e., biological cycles in the economy [56]. To better understand
the idea behind this term, one should differentiate between two cycles:

• The first applies to the essence of biological or natural raw material—in most cases—from which
the product is made and which is a renewable resource

• The second applies to its technical aspect, including construction, functionality and technological
quality, which is a non-renewable resource

Pursuant to the CE concept, both conditions must be present and have the so-called circularity
value. In most cases, we can speak about bioeconomy in the context of renewable resource management
options, where the resource is reusable and recoverable in the form of biomass. The agenda for
bioecnomy in the Polish CE roadmap includes two aspects. The first about general actions aiming
towards creating suitable conditions for the implementation and development of bioeconomy in
Poland and the second about actions for specific areas such as creating local value chains for industrial
sector in general and for the power sector in particular [23]. Application of bioeconomy in specific
activities is reasoned in the industrial sectors with organic consumption, such as food, feed, wood
and timber, cellulose and paper, pharmaceuticals, textiles, furniture, fisheries, agricultural and biofuel
industries [57]. To date, biomass in Poland has been used primarily in the furniture sector as a raw
material for the production of boards or energy raw material for the co-incineration process as an
effective component to reduce CO2 emissions. In terms of municpal waste management, in bioeconomy,
the organic waste is considered to be a raw material which can further utilized to obtain useful output,
such as value added-biofuels/chemicals from waste [58]. Both the methods of waste processing,
incineration and torrefaction, analysed in this article are suitable under the bioeconomy concept.

Under the various actions taken in Poland towards development of bioeconomy, it has been
recommended to develop a database assessing the potential of biomass of plant, as well as animal
origin and biodegradables for the Polish economy as a whole. Assessing the economic and
environmental impact in the individual sectors would be of key importance. Establishing the system
for identification, reporting, statistics on individual types of biomass, along with coding and an
assessment of production capacity, is also planned. This database will underpin the platform for,
alongside cooperation with the industry, an establishment of bioeconomic clusters and coordinators at
the inter-sectoral and supraregional level, aiding in eliminating the barriers for optimum economic
development. Experts analyzing the role of the bioeconomy show its ability to expand in the total
economy [59]. Reports have shown that Poland is among the top countries in Europe when it
comes to bioeconomy. Among the Visegrad group, Poland is leading the way with bio based fuel,
bioenergy, biomass processing and conversion, other bio industries such as biorefineary, biochemicals
and biopharmaceuticals, whereas the others have made some progress in agro-food sector [60].
Nevertheless, there is still vast room for improvement for Poland for achieving a circular bioeconomy.

2.1.4. New Business Models

The fourth action, taken for implementation of the CE, was to specify the conditions for
establishment of new business models. The design of the latter was based on combining the
supply of value to the customer with simultaneous consideration of the so-called closing the loop
concept, for example: designing of the rules for ‘circular’ logistics that will consider the entire
flow of raw materials, semi-products and products from the producer by transport to the final
consumer. While establishing the new business models, focus was on close cooperation between
the producers from the same sector (which has been a standard for years) as well as in different
sectors, such as cooperation at the level of raw material, technology, transport (car) sharing, sharing
of production tools, premises, regeneration of used parts, human resources and comprehensive
economic symbiosis [61]. It has also been stressed in the CE roadmap of Poland that involvement
of social cooperatives, associations, foundations and personnel would be utmost important for the
new business models. The organizations and people have an indepth understanding of the local
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communities due to which they could simultaneously contribute to economic, environmental as well
as social objectives. To adapt to the new business models, incentives have also been offered as a
motivation. The primary incentive included tax deductions, simplified accounting procedures, easy
use of waste as a secondary raw material with various economic incentives and simplification of
administrative decisions. Although actions have and are being taken, the available scientific literature
emphasizes that, to accelerate the implementation of new business models, it is necessary to constantly
identify them and study promising new tools and processes [62]. Case studies, such as the one in this
artcile, give validation to adoption of new and advanced methods for businesses, which would be a
step towards CE as well as prove to be more profitable.

Another important element of the road map is the extended producer responsibility (EPR), which
is an important component of sustainable production [63–69]. It obliges the producer to collect and
manage waste produced from the products sold by them in the market. In general, EPR results
in the implementation of the polluter pays principle [70], which makes the producers consider the
whole life cycle of the raw materials at the production planning stage. It also forces the producers
to use solutions that would enable collection of waste and the highest possible recycling rate. In the
EU legislation, the extended producer responsibility was implemented under Article 8 of the Waste
Framework Directive (2008/98/EC) and incorporated by the Directive of the European Parliament and
of the Council (EU) of 30 May 2018 [71]. In Poland, the EPR principle has been currently applied to
packaging, end-of-life vehicles, electrical and electronic equipment, tyres, batteries and lubricating oils.
While preparing the roadmap, the task force recommended to extend the currently valid provisions by
imposing obligations on the producers. It was highlighted that the structure of provisions should be in
a way that would encourage them to take care of the natural environment and reduce the volume of
waste production, but, in such a manner as not to impede on business activity. The applicable legal
solutions were planned to be implemented in a short time perspective, since Poland and the other EU
Member States were obliged to deliver the goals planned at the level of the EU legislation. The planned
objectives also set targets of recycling for packaging, of 65% of recycling by 2025 and 70% by 2030.
The Task Force document also recommended comprehensive review of the legal acts in force, to check
the extent to which they cover the product life cycle, with the EPR definition acting as a reference point
and the Minister of Environment being the authority responsible for review. The review was to be
supplemented with analysis of risks and benefits to the entrepreneurs. It should be emphasized here
that, with regard to the objectives, Poland immediately expressed its positive attitude by considering
them in the Resolution of the Council of Ministers no. 88 of 1 July 2016 [72].

Summarizing the actions taken by Polish government towards implementation of CE, detailed
in Sections 2.1.1–2.1.4, the following Table 1 is presented. These steps could be replicate by the other
young EU countries, especially the Visegrad four, in their efforts towards transition towards CE.

Although a number of steps are being taken in the director of implementing CE concept in Poland,
there is still a wide scope for improvement of structure implementations, especially in the municipal
waste management sector [25].
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Table 1. Summary of important actions taken in Poland towards implementation of CE [23].

1 Reviewing and updating of regulations in production and packaging sectors, to adapt them to
the EU requirements and orient them towards implementation of CE.

2 Carrying out S.W.O.T. (Strength, Weakness, Opportunities, Threats) analysis for control and
reporting of extended producer responsibility, followed by development of solutions to
eliminate irregularities.

3 Running information campaign on benefit to the businesses’ social image by fulfilling extended
produced responsibility.

4 Adapting the methodologies developed by European Commission to develop information
package for calculating the environmental impact of products and economic activities.

5 Developing recommendations to amend national regulations of municipal waste management,
to adapt to CE concepts, through constant study of the effectiveness and efficiency of the
existing regulations.

6 Recording all the municipal waste flows, especially the ones which have been unrecorded so
far, in order to boost the recovery and recycling in the waste management sector.

7 Running social campaigns to promote sustainable consumption practices.

8 Developing government information platform on CE for citizens and businesses.

9 Building a formal and permanent team at governmental agencies responsible for individual
areas of bioeconomy which would take up define the further direction for bioeconomy and
supervise its implementation.

10 Review and analysis of regulations and supply potential at local and national level for biomass,
preceded by building and adopting suitable methodology.

11 Carrying out comprehensive analysis of Research, Development and Innovation priorities for
implementation of bioeconomy in Poland.

12 Scouting the local value chains and exploring the feasibility of establishment of bio-refineries.

13 Studying the feasibility of updating the tax system, in order to provide boost competitiveness
of businesses abiding by the concept of CE.

14 Proposing legislation which would promote sharing of property, real estate and movable,
especially for short term leasing of vacant passenger transport and residential spaces.

15 Proposing and updating the law of public procurement.

16 Creating a support ecosystem for businesses to enable them to transit to CE model.

17 Creating an internet platform encompassing multiple industry sectors for easy lending and
sharing of products with low usage frequency.

18 Promoting introduction of CE in research programmes and curriculum at the university through
an incentive system.

19 Monitoring through the “oto-GOZ” [“this-is-CE”] project (the Gospostrateg programme).

2.2. Municipal Waste Generation and Management in Poland

In 2016, Poland’s industrial production amounted to 23.4%, compared to the average EU share
of 17.4% [73] and Poland is being looked up to as Europe’s new growth engine [74]. In 2004-2016 the
average growth rate of the industrial production in Poland was 5.3% compared to 0.5% in the EU [73].
In terms of waste production, as per the data provided by Statistics Poland [75], the main sources of
waste in Poland are listed below and also elaborated in Figure 1:

• Mining and extraction (nearly 48% of total produced waste)
• Industrial processing (23.8%)
• Energy production and supply (14.35%).
• Municipal waste (9.78%)
• Others (4.07%)
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Figure 1. Structure of waste generated in Poland in 2017, by waste type and excluding municipal
waste. Data source: Statistics Poland [75].

In terms of waste management, Poland faces challenges, for both industrial waste and a growing
volume of municipal waste. Pursuant of the Polish Waste Act [76], municipal waste is interpreted
as: “waste produced in households, excluding end-of-life vehicles, as well as waste containing
no hazardous waste from the other waste producers, which, due to its nature or composition,
is similar to waste produced in households; non-segregated (mixed) municipal waste remain as
non-segregated (mixed) municipal waste even if processed, which did not change its properties
significantly”. According to Statistics Poland data, in 2017, Poland generated 12 million tonnes of
municipal waste, of which 6.8 million tonnes (57%) was recycled, 5 million (42%) for land-filling (EU
target by 2035 is ≤10% [77]), while 1% (nearly 0.2 million tonnes) was combusted without energy
recovery [75]. The recycling activities included :

• recycling at the level of 3.2 million tonnes (27%)
• thermal processing with energy recovery at the level of 2.7 million tonnes (22%)
• composting at the level of 848 thousand tonnes (7%) [78]

As of 2018, Poland was the second lowest producer of municipal waste in EU (329 kg per capita),
which is considerably lower than the average of EU28 (489 kg per captia) [77]. Figure 2, shows the
stand of other EU member states in terms of kilogram of municipal waste generated per capita in
2005 and 2018. It can be seen that Poland has been successful in reducing its municipal waste by
over 50% as compared to 2005. In the EU, only Romania recorded lower municipal waste volume as
compared to Poland in 2018. There has been a steep increase in the municipal waste volume due to
the COVID-19 pandemic, the affects of which has strained the waste management systems and has
presented a massive challenge for the municipalities [79,80].

Directive (EU) 2018/851 of the European Parliament and of the Council of 30 May 2018 amending
Directive 2008/98/EC on waste, set forth common recycling targets, for EU member states. Recycling
85% paper, 55% plastic, 60% aluminium, 80% ferrous metal and 75% glass is expected to be achieved
by 2030, as per the directive. This required a major overhaul of the waste collection systems (WCSs) as
the firs step, because of the need to segregate waste and divert materials to appropriate destinations
for recycling [81]. In response to this, major investments have been made by the EU member states
towards updating the existing WCS to meet the requirements. Poland also took the necessary steps in
this direction.
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Figure 2. Municipal waste generation in the European Union (EU) 1995 and 2018 [77].

Polish municipal waste management system has seen a drastic change since the 1990s, when the
responsibility of waste disposal shifted form the municipal authorities to the house owners, under the
Poland’s privatization program. This was governed by the Act of 13 September 1996 on maintaining
cleanliness and order in communes, and was amended several times. It also completely changed the
system of fees for waste management. It became the responsibility of the house owners to organize
waste collection, obligatory inclusion of all municipal residents in the municipal waste collection system
and imposing on them the obligation to segregate all types of waste: biodegradable (green), paper,
glass, plastics and municipal waste, and then deliver them into the regional municipal waste treatment
installations (RIPOKs—Regionalnej Instalacji Przetwarzania Odpadów Komunalnych) (art. 9e of the
Act). Subsequently four other acts were passed: (i) the Act on maintaining cleanliness and order
in municipalities (2012); (ii) the Act on waste (2012); (iii) the Act on management of packaging and
packaging waste (2013); and (iv) Act of 23 January 2020 amending the act on waste and certain other
acts. The responsibility of collection and disposal of municipal was was again transferred to the
municipalities and also brought made it obligatory for waste handlers to act in consistence with the
national standards. Moreover to encourage the recovery and recycling, the fees on landfills was also
hiked by imposing additional taxes [82]. This was in line with the EU’s landfill directive which required
all member to introduce higher taxed on landfill so as to encourage recycling [83]. A clear co-relation
between higher taxes and decrease in the percentage of waste being landfill was observed and reported
for the EU-28 [83], which made this a popular choice of strategy among the member states. Among the
Visegrad four, apart from Poland, Czech Republic, Hungary and Slovakia have not yet made strides
for implementation such strategies in their municipal waste management policies [84].

The present municipal waste management system, in Poland, is established on the basis of the
National Waste Management Plan. It specifies the operation (obligations and tasks) of the entities
acting as the RIPOKs. Majorly, these are self-governmental or private installations (currently approx.
200). Information on the operation of these entities are submitted to the Central Waste System,
which handles all information related to waste management. To enable assessment of their operation,
waste management is performed for a strictly defined area of activity (region), where the installation can
collect and transport waste only within the voivodeship on which it performs the activity. It should be
noted that transport of municipal (mixed) and green waste, outside the region, is currently illegal [76].

To date, the system anticipated that the RIPOKs have a sufficient capacity to accept and process
waste from the area inhabited by at least 120 thousand inhabitants, meeting the requirements of
the best available technique or technology [85]. Difficulties resulting from the inability to manage a
significant volume of municipal waste pose a challenge related to their management under the CE
paradigm. This applies to non-recyclable calorific fractions, which are fed in a form of alternative fuel
to cement factories and residual waste fed to the incineration plants. These include waste fraction of

164



Energies 2020, 13, 5166

calorific value above > 6 MJ/kg, which, pursuant to the Polish legislation, are to be disposed through
land-filling. In the process of adopting the shift towards CE, one of the preferable solutions was
the construction of advanced waste incineration plants that have treated a vast majority of waste,
along with industrial installations capable of treatment (incineration) in high temperatures or cement
factories. At present, there are seven municipal waste thermal processing installations (incineration
plants) operating, while construction of the other two are at the final stage: in Rzeszów to be launched
in 2019 and in Gdańsk to be launched in 2021 [86,87]. Table 2, shows more details about these nine
waste incineration installations in Poland.

Table 2. Municipal waste incineration installations in Poland, as of October 2019.

Site Productivity
[Thousand
mg/Annum]

Power Production
Capacity [MWe]

Thermal Energy Production
Capacity [MWt]

Poznań 210 15 34

Kraków 220 8 35

Bydgosz 180 9.2 27.7

Szczecin 150 13 34

Konin 94 6.75 15.4

Białystok 120 8.68 17.5

Warsaw 1 330 20 60

Gdańsk 2 160 30 –

Rzeszów 2 100 15 7.84
1 Undergoing modernization; 2 Under construction.

Nominal capacity of the existing municipal waste incineration plants is approx. 1.3 Mt/a,
i.e., megaton per annum, while incineration of fractions from municipal waste residue accounts for
nearly 0.25 Mt/a and co-incineration of waste fuels, in the cement factory, is ca. 1.6 Mt/a. Considering
the volume of municipal waste increasing on a year-to-year basis and including the unspecified
consumption by economic migrants from Ukraine (approx. 1.2 million people [88] multiplied by the
waste production per capita), demand for non-recyclable fraction treatment poses a serious problem.
Poland presents a relatively restrictive approach to the emission of pollution in the process of energy
carriers’ incineration, regardless of whether these are fossil fuels or municipal waste of non-recyclable
fraction coded 19-12-12 [89]. The Polish Ordinance on the emission standards for certain types of
installation, fuel incineration sources and waste incineration or co-incineration installations follows
the EU Directive 2010/75/EU on industrial emissions to the Polish legislation. Notably, the Directive
describes the rules of control and monitoring of pollution emission, exploitation conditions, reporting,
conditions and applications for the entities applying for the emission rights. Emission standards,
compliant with the Ordinance, are presented in Table 3.
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Table 3. Emission standards for installations for the thermal treatment of municipal waste.

Pollution Components Average Daily Limits [mg/m3
u]

Dust 10

Hydrogen chloride 10

Hydrogen fluoride 1

Sulphur dioxide 50

Nitrogen oxides ∗ 200

Nitrogen oxides ∗∗ 400

Carbon oxide 50

Total organic carbon 10

Heavy metals and their compounds ∗∗∗ 0.05

Data source: Ordinance of the Polish Minister of Environment of 1 March 2018. ∗ For installations incinerating
more than 6 mg per hour. ∗∗ For installations incinerating less than 6 mg per hour. ∗∗∗ Cadmium and
Thallium, Mercury.

According to the data in Table 3, while maintaining the emission standards, the use of waste
treatment as one of the carriers for energy and heat production, is beneficial to the Polish economy.
It is estimated that incineration of 1 mg (Megagram) of municipal waste produces approx. 400 kWh
of electric energy and 6.6 GJ of thermal energy. The principles of the use of waste is noticeable in
the official communication of the government, indicating that the CE waste is a potential resource
and should be used as a material. In this context, waste treatment (waste landfilling, incineration
without energy recovery) is treated as a loss of resources and manifestation of economic ineffectiveness
by resource wasting. Therefore, resource incineration, without energy production, cannot be treated
as compliant with CE. However, the rule of thermal processing of waste with energy recovery only
applies as a complement to the municipal waste management system, contributing to reduce their
volume on landfills. The levels of reuse and recycling remain unaffected by this. About 30% of the
total municipal waste undergoes thermal processing.

The National Fund for Environmental Protection and Water Management, a subordinate authority
to the Ministry of Environment, initiated a consultation programme, in the form of sectoral conferences,
was initiated. This resulted in a decision to use waste heat where there is infrastructure, that enabled
all-year consumption of the produced thermal energy, and addressed the CE concept to form a kind
of ‘completion’ in the municipal waste management system. The governmental agency published an
announcement that it observed a growing demand of installations for handling a calorific fraction
of waste at the thermal processing installations dedicated to municipal waste (with co-generation of
thermal energy) [90]. The agency offers financial support to the initiatives aiming at a modernisation
of local heat sources in the context of incineration of waste, under the Sustainable Waste Management
programme [91], which is a positive and important step forward towards CE.

The CE roadmap [23] also further outlines the direction of actions and responsibilities of central
administration authorities for their implementation. First of all, performing the capacity analysis for
this area, along with preparation of the proposals for legislative amendments to increase the economical
use of incineration by-products (IBPs) was considered a priority. Factors, such as determination of
quality requirements (including environmental requirements) to be met by IBPs and creating the
conditions for their use (including in the scope of ecodesign) were also considered in this. Such an
approach is compliant with CE and may increase availability of raw materials for other economic
sectors, while, at the same time, decreasing the volume of waste managed by landfilling. In addition,
IBPs can be successfully used in the construction and road sector as a component for production of
concrete blocks, access roads, embankments or other construction layers. The authority designated as
the leading authority in the preparation of regulations for the roadmap is the Minister responsible for
energy in cooperation with the Minister of Environment and the Minister responsible for construction,
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spatial planning and development and housing. Supervision over the operational implementation
rests upon the Inspection for Environmental Protection [23].

3. Case Study: Profitability Analysis for Two Methods of Municipal Waste Processing

3.1. Background of the Case Study

As of 2019, 38.4 million people live in Poland, producing an average of 330 kg municipal waste
per year, which is 12.67 million kg of municipal waste per year in the whole country. There also should
be added to these calculations 1.2 million immigrants from Ukraine who, due to their incomplete stay,
generate less waste, as indicated in Table 4. The exact numbers, due to the increase in volume of waste
generated due to the COVID-19 pandemic, remains to be seen.

Table 4. Volume of mixed municipal waste in Poland per annum. (Data source: Statistics Poland).

Category Value

Number of inhabitants 38.4 million

Waste volume per capita 0.33 mg/person/a

Annual waste volume 12.67 million mg/a

Number of immigrants 1.2 million

Waste volume per capita (immigrants) 0.2 mg/person/a

Waste produced by migrants 0.24 million mg/a

Total waste volume in 2019 12.91 million mg/a

The thesis that, by far, the greatest impact on the amount of waste generated is influenced by
economic factors, especially wealth of the residents, is confirmed by studies which were already carried
out in 1996 and continued in the following years [92–95]. According to the experts, it can be assumed
that GDP growth by 3.5 percent, will result in a 1.5% increase in municipal waste [96]. Based on the
forecasts of the National Bank of Poland, projections of decrease in Poland’s population according to
the projection by UN as well as Statistics Poland, and together with immigrants from Ukraine [88,97]
an extrapolation of the volume of municipal waste in Poland, has been prepared and shown in Table 5.
Even though the number of inhabitants are projected to decrease the waste generated per capita is
projected to increase. Hence, increasing the total amount of waste generated. The recent COVID-19
pandemic has also affected the municipality waste sector adversely in terms of recycling. It is not that
there has just been an increase in the municipal waste volume, but there has also been a reduction in
recycling during the lock-down due to COVID-19 [98].

Table 5. Trend extrapolation of the volume of municipal waste in Poland.

Year Population
(in Millions)

Increase in Waste Volume
[mg/Person/a]

Annual Waste Volume
[Million mg/a]

2019 38.48 0.330 12.7

2020 38.14 0.341 13.0

2021 38.09 0.365 13.9

2022 38.04 0.389 14.8

2023 37.97 0.429 16.3

2024 37.85 0.459 17.4

Considering the declining population of Poland, an the upward trend in the number of economic
immigrants from Ukraine and the other countries, is clearly visible [97]. Combining this with the
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increase in municipal waste due to the higher amount of time spent at home due to the pandemic and
its after effect, will make the issue of municipal waste, that cannot be land-filled nor recycled, a more
severe problem. In the process of implementing the CE in Poland, the actions aiming at increasing the
awareness in the field of waste separation into fractions are required to be taken. In 2018, considering
the upward trend in immigration, as well as municipal waste generation, representatives of Regional
Municipal Waste Processing Installations (RMWPIs), dealing with waste processing, wrote a letter sent
to the Minister of the Environment and pointed the requirement of actions to increase the number of
professional recyclers and to use other treatment technologies, e.g., torrefaction [99].

In an interesting publication of scientists from many EU countries dealing with the problem of
waste, in the context of the idea of a closed-loop economy, emphasized that the transformation of
waste into energy can be one of the key elements of a CE that allows manufacturers to maintain the
value of products, materials and resources on the market for as long as possible, minimizing waste and
resources [21]. As we show in Table 5, municipal waste has significant volume to be managed and also
has the potential to contribute towards CE, as well as generate economic benefits through the use of
other waste management methods. The interest of doing so certainly exists in Poland. The current focus
of the Polish municipal waste management sector is towards increasing the capacity of municipal waste
processing through incineration plants [86,87,100]. Incineration is one step further towards CE but
still lacks the ability to fully address the CE concept. During incineration of municipal waste, energy
is recovered but there is residue in form of sewage sludge (SSA). Ordinance of the Polish Minister
of the Environment of May 11, 2015 on the recovery of waste outside installations and equipment,
allows for the recovery of the mineral fraction from the SSA. Recently, research was conducted into the
possibilities of using ash from SSA produced in incineration plants as a secondary source of phosphorus
(P), which resulted from European Union (EU) legislation that indicated that phosphorus is a critical
raw material (CRM) [101]. This residue can be used to prepare eco-friendly cement [102]. However,
these methods require additional processes and setup for recovering usable material from the residue.
This issue can be over by implying torrefaction process instead of incineration. Studies have shown
the torrefaction of mixed municipal waster would yield energy and usable fertilizer or fuel [103,104].
Torrefaction is also referred to as roasting i.e., the process of thermal and chemical processing of
organic compounds in specific thermal conditions. In most cases, the literature provides the following
parameters: temperature of 200–300 C, heating rate on the inside of the reactor <50 °C/min, input
dwell time in the reactor 15–60 min, no oxygen, atmospheric pressure, the effect of which is the
production of biocarbon [105,106]. Additionally, this technology is more economically advantageous
for companies dealing with waste management in smaller towns.

By 31/01/2020, the Ministry of Climate (because it took over the “waste portfolio” as part of the
division of competences between the Ministry of the Environment and the newly created Ministry of
Climate in the Government of Poland) had started to update (on a national scale) the list of enterprises
appearing in the Provincial Waste Management Plans (WPGO—Wojewódzkich Planów Gospodarki
Odpadami). Thus, new companies, which have already started to work on building new incinerators,
will appear in the list of WPGO, but the possibilities of applying for new incinerators will not be
available. It results from the power of art. 35 b of the Waste Act, added by the Act of 19 July 2019,
amending the Act on maintaining cleanliness and order in municipalities and amending certain other
acts (Journal of Laws of 2019, item 1579). It reads: thermal treatment of waste will be allowed only
in installations specified in the regulation issued by the Minister of Climate. Pursuant to Article
35 b para. 3 of the aforementioned Act, if the installation intended for the thermal transformation
of municipal waste or waste from the treatment of municipal waste was not included in the list,
i.e., new building permits, integrated permits or permits for processing waste in this installation,
shall be refused. Considering that the investment process itself from the preparation of technical
documentation to construction lasts on average of 3–4 years, it can be assumed that these installations
will not be built anytime soon. Moreover, due to the COVID-19 pandemic further delays have taken
place. The pandemic influenced the decision of the government administration, namely the Ministry
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of the Environment, responsible for issuing administrative decisions regarding the construction of
incineration plants in Poland. In accordance with the Polish law, incineration plants can be built only
after entering them into the National Waste Management Plan, and then placing them in the Provincial
Waste Management Plan (Article 186 of the Act—Environmental Protection Law; i.e., Journal of Laws
of 2018, item 799), that clearly states that an investment that is not in accordance with WPGO cannot be
implemented. Construction of new incineration plants was suspended due to COVID-19, and the local
municipalities from Kraków, Tarnów, Zamość and Żywiec, Rybnik, and Wrocław logeed compaliants
agains the decision and are making efforts to overturn it. So far, the Ministry of the Environment has
not supported the construction of new installations, emphasizing that this is contrary to EU policy.
The construction of new installations would increase the possibility of collecting waste by another 500
to 700 thousand tons, depending on the financial capabilities of investors.

Through empirical evidences from the Polish municipal waste management market, this
study compares the profitability of two methods of municipal waste management, incineration,
and torrefaction. The time of implementation from the approval to the first operation, cost of
implementation, cost of waste processing, revenue from waste processing as well as revenue from
the sale of byproduct has been taken into account for the analysis. The conclusions drawn from this
analysis would add to the gap found in the literature regarding the empirical analysis of these two
methods of waste processing. They would also serve as a recommendation for the policy makers
and business investors in the field of municipal waste management regarding the choice between the
implementation of incineration or torrefaction from the CE and profitability perspective

3.2. Material and Methods

In the Polish waste collection market, the local governments are responsible in accordance with
the law of waste management (Act of 13 September 1996 on maintaining cleanliness and order in
municipalities), to organize tenders for waste collection. The RIPOKs, which have the possibility
to manage and sort individual waste fractions, place their bid on these tenders. The price from
the auction is transferred to contracts concluded for one or two years of waste collection from the
Commune. These companies analyze the possibilities of utilizing the oversize fraction through
mechanical-biological processes or combustion in existing installations of this type. These companies,
RIPOKs, do not have complicated methodologies supported by complex mathematical formulas
or models, rather they rely more on their managers’ updated market knowledge and their experts.
Forecasting of the estimated costs and revenue are also not based on advanced models, such as
machine learning based approach or multivariate time series, due to the small number of data points
(one for each year and 10 in total, without a uniform time interval). Hence the estimates used by
these companies, for contesting the tenders, rely more on the market awareness of the managers.
The empirical data used for analysis in this study were collected by one of the authors, as the Director
of Sales Department at EkoPartner Lubin (one of the RMWPIs in Poland). Following is the description
of the the collected data and the steps followed in making the calculations used for the profitability
analysis in this study. Such data and steps are followed by most of the RMWPIs in Poland to make
their estimates for the tenders they bid for, hence gives an indepth empirical overview in-terms of
profitability analysis:

1. Data: Information on the amount of municipal waste generated in Poland is collected daily by an
employee of the company from Public Information Bulletins obligatory published on the website
of municipal offices, from tender proceedings notices, or from auctions conducted through tender
platforms (login trade, allegro, olx, market planet). The data are entered into the databases broken
down into semi-annual, annual and two-year contracts.

2. Data Analysis: Based on the collected information, employees conduct price analyzes in
relation to:

• the size of the commune
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• the amount of waste
• distances to specific locations of municipal waste plants
• the possibility of collection by individual locations—applies to both formal and legal

integrated permit defined by volume in tonnes/month as well as real possibilities of
mechanical and biological processing

• transport costs
• fixed and variable costs of own (internal) plants

3. Based on the expert assessment of these data, scenarios and variants of price forecasts for offer
prices from each commune are generated separately.

4. Assessment of competition: Price variants are collided with data on competitors, namely:

• prices offered in tenders for a specific municipality and similar in size
• the possibilities that competing companies have in terms of collection, storage and storage
• having own transport
• human potential (number of brigades/shift)
• economic and financial potential (a single plant or enterprise belonging to Remondis or

Tonsmeier networks).

5. Final offer evaluation: Employees prepare final variants of the offer on the basis of their own
options and the potential of competition together with the assessment of contract profitability for
each commune separately, and then the Management Board of the company decides on the final
price or price negotiable at auctions.

Based on the empirical data obtained directly from EkoPartner Lublin, six scenarios (A to F) were
built. These scenarios show the forecasts for the amounts of municipal waste in the years 2020–2025
preceded by actual data from 2007 onwards. Initially only three scenarios (A, B and C) based on the
amount of waste were forecasted, but due to the impact of COVID-19, revenues from the collection
of the oversize fraction increased. There were several overlapping reasons for this increase. The first
concerned the presence of a significant number of people at home by switching to home office or being
in quarantine, and because of closing schools, colleges and some enterprises (hairdressers, cosmetics,
cinemas, theaters, gyms, swimming pools, etc.). Increased consumption turned out to be a natural state,
and this proportionally translated into waste production. According to the data from four municipal
plants (located in Lower Silesia, Upper Silesia and in central Poland), the average amount of waste
collected by these companies, especially municipal waste, i.e., the oversize fraction, increased by 5000.
tons per month, i.e., by over 30%. Secondly, the collection price for municipal waste increased by
20%, reaching an average ceiling of PLN 1,000/tonne. This is the effect of both the increase in the
amount of waste, but also the problems of many existing municipal waste collection facilities not
only limited by limiting the capacity and mechanical and biological treatment of waste, but also from
staffing problems—corona viruses and the inability to return some employees from Ukraine, who in
some enterprises accounted for up to 60% of employees. Hence, additional three scenarios (D, E and F)
which took into account the effects of the pandemic were also taken into consideration.

For Scenario A, the forecasts are based on: the possibility of utilization with the use of existing,
as well as, under-construction incineration plants and cement plants; price paths determined by the
author based on bilateral public tenders, in which the author participated and the contracts that were
concluded by the company. The existing installations, along with the investments in progress—by
2025—will enable for treatment of 14.4 million tonnes of waste, which creates a market gap of nearly
4 million tonnes. Prices of waste, from the oversize fraction up to 2020, come from contracts concluded
by the company, and, beyond 2020, are the company’s projection. The market value is calculated as:
(Annual waste volume—Total Capacity) x Price, while ’Total Capacity’ is the sum of Incineration plant
capacities, Cement factories, Fraction 0-80 and Raw materials. It is to be noted here that this analysis
does not take into account the cost for collection of the municipal waste. These costs are covered in
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the fees for garbage collection from the residents, hence are not taken into account in the profitability
analysis for the torrefying installation. The same principle applies to the receipt of biochar, which is
the result of a process at the installation. It is companies interested in biochar that collect raw material
from RIPOK with their own transport. Hence for RIPOK both of these costs do not apply. In scenario
B, we assume that more incineration plants will be built from 2023, and their utilization capacity will
be 2 million tonnes every year, and, in Scenario C, we assume that more incineration plants will arrive,
and the utilization capacity will be 2.5 million tonnes from 2023. Scenarios D, E and F are in the same
conditions as A, B and C respectively after the effect of real market conditions which arose due to the
COVID-19 pandemic.

3.3. Results of the Case Study

Table 6 shows the calculations for various waste management options for scenario A, and the
market value of the resulting overload fraction of the waste. The amount of waste (overload fraction)
that is to be managed has been decreasing steadily since 2007. This is primarily because of the
government’s initiative to reduce the production of municipal waste. It can be seen, based on the
projections, that in the years to come this overload fraction would start to increase again if additional
capacity is not added.

Table 6. Waste management options and market value.

Year Annual
Waste
Volume 1

Incineration
Plant
Capacities 1

Cement
Factories 1

Fraction
0–80 1

Raw
Materials 1

Total 1 Price 2 Amount of
Waste to be
Managed 1

Market
Value 3

2007 10.67 0.06 1.4 0.0 1.1 1.82 90 8.7 787

2010 10.04 0.06 1.4 0.0 1.6 2.37 100 7.7 768

2012 9.58 0.06 1.4 3.2 1.6 5.58 110 4.0 440

2013 9.47 0.06 1.4 3.2 1.7 5.62 140 3.9 539

2014 10.33 0.06 1.4 5.2 2.0 7.89 140 2.4 342

2015 10.86 0.34 1.4 5.4 2.2 8.64 150 2.2 333

2016 11.68 1.2 1.4 5.8 2.3 10.08 170 1.6 273

2017 11.97 1.2 1.4 6.0 2.4 10.28 180 1.7 304

2018 12.50 1.2 1.4 6.3 2.5 10.65 250 1.9 463

2019 12.7 1.2 1.4 6.3 2.5 10.3 450 1.9 856

2020 13 1.2 1.4 6.5 2.6 10.5 500 2.0 998

2021 13.9 1.2 1.4 6.9 2.8 11.1 525 2.1 1079

2022 14.8 1.6 1.5 7.4 3 11.9 525 2.1 1101

2023 16.3 1.6 1.5 8.1 3.3 12.9 550 2.5 1391

2024 17.4 1.6 1.6 8.7 3.5 13.8 550 2,8 1552

2025 18.3 1.8 1.6 9.1 3.7 14.4 575 3.0 1715
1 In [million mg/a], 2 In [PLN/mg], 3In [million PLN].

Considering the five other scenarios, B to F, Figure 3, shows the graph with market values of the
overload fraction, in all six scenarios A to F. Projections on the effects of the pandemic clearly show
that the overload fraction of the municipal waste is bound to increase and its market value would be
even higher. This simply indicates a need for swift action for increasing the processing capacity.
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Figure 3. Market values (in million PLN) of the overload fraction to be developed.

Torrefaction and incineration plants have a lot of difference when it comes to implementation
time, cost of establishment and waste processing, by products produced and maintenance. Table 7,
shows the comparison between various elements for setting up incineration and torrefaction plants for
a typical small region in Poland—a pivot with 30,000 tonnes of waste generated on average.

Table 7. Comparison of incineration vs. torrefaction installations.

Characteristic Incineration Torrefaction

Implementation
timeline

5 years 3 years

Implementation cost 120 million PLN 22 million PLN

Waste processing cost PLN 350/mg PLN 110/mg

Generated product Heat Fuel

Requirements Continuous monitoring No requirements

Data source: EkoPartner.

It can be seen that torrefaction plants are clearly more advantageous as compared to incineration
plants. Setting up a torrefaction plant is more than 5 times cheaper as compared to incineration
plants, takes 40% less time for implementation, produces the byproduct of fuel and has no additional
requirements like continuous monitoring. Moreover, The processing of waste through torrefaction is
over 3 times cheaper than incineration, which results in higher profits. Figure 4, shows the comparison
between the revenues, costs and profits for processing waste incineration and torrefaction, pre and
post the COVID-19 pandemic for processing 30,000 Megagram per annum municipal waste.
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Figure 4. Comparison of revenue, cost and profit for incineration and torrefaction processes of waste
processing in Polish municipalities from 2020 to 2025, for 30,000 mg/a municipal waste (data source:
EkoPartner). * The revenue from waste collection is the same for both torrefaction and incineration, ∧ Cost
of processing the was remained same before and after the pandemic, (PC)—Post COVID-19 pandemic.

As shown in Figure 4, the revenues for both, torrefaction and incineration, are the same (shown
by the “Revenue (without byproduct)*” line in the graph). The torrefaction process yields biochar
as a byproduct, which is a fuel and can be sold directly for additional revenue without any further
processing. When the additional revenue from selling the biochar is not considered, the corresponding
profits for both the processes are shown by the lines “Profit-Incineration” and “Profit-Torrefaction
(without byproduct)” in the graph. Even in this condition (without considering the revenues from
byproduct sales), the profit for torrefaction process is higher than that for incineration. If the revenues
from the sale of biochar is considered, the revenues and, consequently, the profits, rise (as shown
by the lines “Revenue-Torrefaction (with byproduct)” and “Profit-Torrefaction (with byproduct)”
respectively). In fact, the projected profits from 2021 onwards for the torrefaction process were even
higher than the projected revenues when the sale of byproduct is not considered. This means that only
the sale of biochar itself is more than enough for covering the costs of processing the waste. Due to the
COVID-19 pandemic the revenue for waste processing increased dramatically, hence increasing the
profits of these installations, the effects of which are also shown in the Figure 4. These results show
that torrefaction is far more profitable as compared to incineration.

4. Conclusions

The growing environmental challenges and diminishing resources has led countries around
the world to take action in moving towards a CE. The concept gains new followers in the world of
science, as well as in business and amongst policy-makers. National and regional legislation have
been established to facilitate the movement from a linear economy to a CE. COVID-19 pandemic
has caused concerns for economies around the world and put severe strain on the resources as the
world went under lockdown. Poland, one of the youngest EU countries, had been steadily putting
efforts for transitioning towards CE. The Polish roadmap for a CE has introduced new and important
elements, such as EPR, which would increase the recycling rates and also waste management. Primarily,
the Polish government has taken action towards promoting life cycle assessment, SC, bioeconomy
and new business models. It remains to be seen, how these policies are taken forward in the post
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pandemic era, nevertheless, among the Visegrad four, Poland’s actions (summarized in Table 1) can be
considered as an example for forming strategies for moving towards CE.

Waste management is one of the challenges face by Poland, both for the industrial waste and the
municipal waste. In terms of municipal waste, Poland was able to curtail the volume of municipal
waste generate by over 50% as of 2018 in comparison to 1995 and was able to achieve 57% recycling rate
in 2017. On the other hand there is still over 42% waste which is being land-filled and 1% combusted
without energy recovery, which is against the principle of CE.As per the current capacity of the
incineration plants with energy recovery, a little less than 50% of the recycled waste can be processed
with thermal recovery and there is a large amount of overload waste fraction. Even before considering
the effect of the COVID-19 pandemic, empirical projections showed that this overload waste fraction
will grow further, because current incineration plants which are functioning of the ones which would
be setup by 2025 shall not be able to cope with the growing municipal waste volume. More so as the
people stayed home during the lock-down, caused by COVID-19 and the prevailing work from home
policy of a number of organization post the lockdown. RIPOKs in Poland are estimating even higher
municipal waste volume from 2021 onwards, which will add further to the overload waste fraction.

As of October 2019, there were six fully functioning municipality incineration installations, one of
which is undergoing modernization and two are under construction. Installations of new incineration
plants in Poland have to undergo a very length process. The recent amendments and changes at the
ministerial level in the Polish government, had complicated things further. Furthermore, the effect
of COVID-19 pandemic has delayed the implementation of the new plants which were approved
as well as halted the approval process of new projects for such installations. It remains to be seen
when the processing of new installations opens up again. Based on the empirical data taken from the
actual implemented contracts and the ongoing contract (provided by EkoPartner, one of the RMWPIs
in Poland), by 2025, the current incinerators were expected to have a capacity of processing about
14.4 million tonnes of waste, which would have created a market gap of about 4 million tonnes. Due to
he prevailing condition this would be a difficult target to meet now, as the implementation period of
setting up an incinerator is estimated at 5 years. Hence, any new incinerators (even if approved in 2020
despite the current hold off) could only begin functioning by 2025 and the delay in implementation
of already approved projects would create a larger market gap. Torrefaction plants have a shorter
implementation period of 3 years, which would prove to be an effective solution in this scenario.
If, approved by 2021, these plants can be in service by 2024, and reduce the stress of the overload
waste fraction.

The results of the comparison of the profitability analysis of torrefaction and incineration for
municipal waste treatment, in this study, further warrants choice of torrefaction. Torrefaction has lower
costs of implementation (120 million PLN for incineration as compared to 22 million for torrefaction),
which means that five torrefaction plants can be implemented in the cost of 110 million PLN, 10 million
PLN less than the cost of one incineration plant. Additionally, they would be ready 2 years earlier.
Once implemented, torrefaction would also be more profitable in terms of waste processing, as shown
in Figure 4, because of its low operating cost (one third of the cost of incineration). This would also be
a strong step towards CE, as the byproduct (biochar—a fuel) does not require any further processing
and can be re-introduced in the economy. Considering the revenue obtained from sale of biochar,
the profits soar even higher. In fact, the revenue generated from the sale of byproduct would be more
than enough to cover the cost for processing the waste from the 2nd year, onwards. This would lead
to lower cost of waste processing for municipalities and the saved costs could be diverted towards
implementation of more incineration plants. For Poland, it is even more profitable because of the high
amount of coal being used in the production of electricity. Biochar is a suitable fuel for the production
of electricity, hence it would not just add to the revenues, but also help in reducing emissions, reducing
the amount of coal being used and thus leading to decrease in mining. Benefiting from all aspects that
required to be added in CE. This fills the gap found in the literature for concert empirical evidence,
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to concluded that torrefaction is more suitable and profitable option in a CE, as a waste processing
option in for processing municipal waste as compared to incineration.

Currently, Poland has not implemented any torrefaction plants on a large scale basis for processing
municipal waste. In the current circumstance, post COVID-19 pandemic, governments around
the world are striving to strengthen the economies again, using new technologies, systems and
solutions. This would also be a conducive time and opportunity for Poland as well as other young
EU countries, to consider implementation torrefaction as an effective solution to solve their municipal
waste management challenge.

5. Limitations and Future Scope of Research

This study has limitations that point to future works and research avenues. The profitability
analysis carried out in this study was based on empirical data from EkoPartner, one of the RMWPIs in
Poland. It would be interesting to carry out a study with data from all RWMPIs in Poland. Similar
studies can also be carried out in other countries and compared with the current study. It would also be
interesting to study the profitability of the torrefaction process, where it has already been implemented,
and compare it with the analysis in this study. The preliminary effect of COVID-19 has been accounted
for in this study, but it would be interesting to see, in the coming years, on how the CE is implemented
and municipality waste management system evolves, in Poland as well as around the world
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spalarni odpadów komunalnych i ich miejsca w systemie gospodarki odpadami). Available
online: https://odpady.net.pl/wp-content/uploads/2019/04/Informacja-Ministra-%C5%9Arodowiska-
na-temat-spalarni-odpad%C3%B3w-komunalnych.pdf (accessed on 10 July 2020).

92. Dennison, G.; Dodd, V.; Whelan, B. A socio-economic based survey of household waste characteristics in the
city of Dublin, Ireland. I & II. Waste composition. Resour. Conserv. Recycl. 1996, 17, 227–257.

93. Daskalopoulos, E.; Badr, O.; Probert, S. Municipal solid waste: A prediction methodology for the generation
rate and composition in the European Union countries and the United States of America. Resour. Conserv.
Recycl. 1998, 24, 155–166. [CrossRef]

94. Bandara, N.J.; Hettiaratchi, J.P.A.; Wirasinghe, S.; Pilapiiya, S. Relation of waste generation and composition
to socio-economic factors: A case study. Environ. Monit. Assess. 2007, 135, 31–39. [CrossRef] [PubMed]

95. Gellynck, X.; Jacobsen, R.; Verhelst, P. Identifying the key factors in increasing recycling and reducing
residual household waste: A case study of the Flemish region of Belgium. J. Environ. Manag. 2011,
92, 2683–2690. [CrossRef]

96. The Richer the Society, the More Garbage It Produces. (In POlish: Im Społeczeństwo jest Bogatsze, tym
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100. Cyranka, M.; Jurczyk, M.; Pająk, T. Municipal Waste-to-Energy plants in Poland–current projects. E3S Web
of Conferences. EDP Sci. 2016, 10, 00070.

101. Smol, M.; Kulczycka, J.; Kowalski, Z. Sewage sludge ash (SSA) from large and small incineration plants as a
potential source of phosphorus–Polish case study. J. Environ. Manag. 2016, 184, 617–628. [CrossRef]

102. Ashraf, M.S.; Ghouleh, Z.; Shao, Y. Production of eco-cement exclusively from municipal solid waste
incineration residues. Resour. Conserv. Recycl. 2019, 149, 332–342. [CrossRef]
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