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ABSTRACT

Environmental challenges that humans are facing are interconnected and require urgent action.
Consumption of affluent households is the main driver of global environmental impacts and
social ones, as well as the main cause of resource use. Moreover, economic inequalities are
increasing, as well as environmental ones. Many scientists support the strict enforcement of
reduction targets of 80-90% on resources, for reasons of both environmental protection and
global justice. A change in our lifestyle and consumption habits seems the best solution. As
regards material and waste management, the narrative of “circular economy” is sometimes
misleading: the original idea of replacing “production with sufficiency”, promoted by one of
the fathers of circular economy, Walter Stahel, is often neglected. Thus, the principle of
sufficiency, also referred to as enoughness or strong sustainable consumption, should be
integrated into policies and strategies related to materials management, besides eco-efficiency
and decommoditisation, to decouple the concepts of well-being and life satisfaction from
materialism.

Waste prevention strategies are in line with the principles of sufficiency. Furthermore, waste
prevention activities increase the resilience of our systems, because of their distributed nature.
Waste prevention activities have several environmental benefits, as they conserve natural
resources, avoid littering and reduce consumption’s negative effects on the environment.
Nevertheless, many barriers to the spread of waste prevention activities exist, like for example
the difficulty to measure the avoided waste and assess its benefits. The innovative aspects of
the dissertation include the definition of a methodology to monitor waste generation at the
municipal level, by analysing the impact of different categories of city users, i.e. people who
take advantage of the urban services. Moreover, a framework for the sustainability assessment,
the evaluation of success, and the prioritisation of waste prevention measures at the
consumption level is proposed. The framework adopts a life-cycle perspective, to assess the
environmental, economic, and social consequences of waste prevention measures, and it
proposes a set of indicators for the evaluation of their effectiveness and efficiency.

Then, within this dissertation, some instruments to promote waste prevention are analysed, by
adopting two perspectives: firstly, the one of policymakers, at different governance levels, and
secondly, the one of business in the electrical and electronic equipment sector.

When policies on waste prevention are discussed, both horizontal (i.e., among different policy
areas) and vertical (i.e., among different levels of governance) integration should be
considered.

At a national level, the role of prevention programmes and market-based instruments (extended
producer responsibility, pay-as-you-throw schemes, deposit-refund systems, environmental
taxes) in boosting prevention of municipal solid waste is investigated. This study highlights the
importance of the integration of command and control with economic incentives and market-
based instruments, which are properly designed and tailored to the implementation area.
Then, focusing on the Emilia-Romagna Region (ltaly), the performances of the waste
management system are assessed over a long period, including some years before and after an
institutional reform of the waste management governance regime. The impact of a
centralisation (at a regional level) of both planning and economic regulation of the waste
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services on waste generation and waste prevention is analysed. The outcomes show that on the
one hand, the target on per capita waste generation set in the regional waste management plan
was not achieved; on the other hand, the impact of waste prevention activities was not included
in the life cycle assessment of regional waste management system included in the plan. Thus,
prevention of urban waste is not completely fulfilled at the regional level, although the
commitment of the region to prevention and reuse is strong: cross-sectoral governance within
the public sector is needed.

Finally, to support the regional decision-makers in the prioritisation of publicly funded projects
for waste prevention, the abovementioned framework for the sustainability assessment, the
evaluation of success, and the prioritisation of waste prevention measures was applied to some
projects implemented by Municipalities in the Region. This study confirms the high potentials
of waste prevention activities, and the importance of the institutional mechanisms.

Trying to close the research gap between engineering and business, waste prevention strategies
are discussed as drivers for business model innovation in the sector of electrical and electronic
equipment. Firstly, an innovative approach to a digital tracking solution for professional
electric and electronic equipment management is analysed. New management solutions and
business models which facilitate repair, reuse, remanufacturing, and recycling are created and
discussed. The case study shows that digital technologies can help to create a distributed and
more resilient system and to distribute among the involved stakeholders the potential savings
of the recycling cost due to the improved tracing system. Moreover, digital technologies
support the involvement and the rewarding of consumers—both business-to-customer and
business-to-business.

Secondly, the impact of business models based on servitisation and on producer ownership on
the extension of equipment lifetime is analysed. A review of real cases of organizations
applying result- and use-oriented business models to the sector of electrical and electronic
equipment is performed, with focus on the durability, upgradability, reusability and
repairability of products by design. Results show that not all the servitised business models are
beneficial from an environmental perspective, as they do not always provide an incentive to
the increase of product lifetime or to perform reuse and remanufacturing, with more priority
than recycling. Digital technologies are enablers of these business models, in particular of
result-oriented ones, and help to scale-up these solutions. Collaboration among companies and
cultural factors should be considered as drivers for the spread of these business models.

To conclude, a change in the values, ethics, attitudes, and behaviours that underpin societies is
required and might stem from a new relationship between humans and nature.
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From UNESCO Declaration on the Responsibility of the Present Generations Towards
Future Generations (adopted 12 November 1997):

“Article 5 - Protection of the environment

1. In order to ensure that future generations benefit from the richness of the Earth’s
ecosystems, the present generations should strive for sustainable development and preserve
living conditions, particularly the quality and integrity of the environment.

2. The present generations should ensure that future generations are not exposed to pollution
which may endanger their health or their existence itself.

3. The present generations should preserve for future generations natural resources
necessary for sustaining human life and for its development.

4. The present generations should take into account possible consequences for future
generations of major projects before these are carried out.”
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PREFACE

| started my PhD in November 2018. During the years of my PhD, some experiences left their
marks.

Firstly, my participation in the project “Percorsi Assisi”, created in 2019, in Italy. This stem
from an initiative of the previous Custos of the Sacro Convento in Assisi, Father Mauro
Gambetti, and the General Director of LUISS Guido Carli (Libera Universita Internazionale
degli Studi Sociali) Giovanni Lo Storto. Other universities joined the initiative: Politecnico of
Milan, University “Federico II” of Naples, and Alma Mater of Bologna. They organized a 10-
days summer school, which I had the lucky opportunity to attend as an academic tutor, from
31% August to 8" September 2019. The attendees were around 50 students coming from more
than 20 Universities. The aim was to debate on challenges of circular economy, of business
ethic, and communication, to join scientific competences with humanistic considerations. The
school program included not only lectures, but also team working, visits to companies and
walks in nature, in search for personal fulfillment and for a different relationship with reality
(Antonioli, 2020). Thanks to this school, I got to know, and | decided to be involved in the
event “Economy of Francesco”. The Economy of Francesco (EoF) is one of the processes of
the pontificate of Pope Francis, who in May 2019 made a call to young economists and
entrepreneurs worldwide to put in action, to follow with renewed commitment and drive the
work of “giving a soul to economy”, with the aim to correct growth models that are incapable
of guaranteeing respect for the environment, social equity, the dignity of workers and the rights
of future generations. The Bishop of Assisi, Domenico Sorrentino, and the economist Luigino
Bruni, were concern for the world, and their idea of addressing the challenges of the economy
starting from the economic thought and action of young people was supported enthusiastically
by the Holy Father who since Evangelii Gaudium and then in Laudato Si’, denounced the
pathological state of the world’s economy calling for a new economic model. The response to
the call was unexpected: 3000 applications from 120 Countries. The event title is a clear
reference to the Saint of Assisi, an example par excellence of care for the least ones of the earth
and for an integral ecology.

In December 2019, | was selected as a member of this global movement of 2000 researchers
and entrepreneurs, promoted by Pope Francis and aimed at changing the “game rules” of our
socio-economic system. The appointment was scheduled from 26" to 28" March 2020, and
had to take place in Assisi with guests and visitors being physically present, but following the
Covid emergency it was postponed to the days from 19" to 215 November in live streaming.
During the months before the event, 12 “EoF Villages” were created, i.e., the working sessions
of the participants on key topics of the economy of today and tomorrow. | was involved in the
activities of the village “CO. of inequality”, together with around 100 young people
tremendously committed to contributing to change and to design a more just and inclusive
society. This was the place of crossroads and paths, dialogue and confrontation, questions and
perspectives, reflections, and proposals. The reflection started from the awareness that we live
in aworld of growing inequalities both across and within communities: these inequalities relate
not only to the economic variables. Indeed, economic inequalities can be both cause and be
determined by many other types of imbalances, such as those related to health and life
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expectancy, educational achievement, well-being, functioning and capabilities, social support,
ecological footprint, democratic power, human rights, and gender empowerment. For example,
climate change is inextricably linked to economic inequality: it is a crisis that is driven by the
greenhouse gas emissions of the ‘haves’ that hits the ‘have-nots’ the hardest (OXFAM, 2015).
As written by Alexander Langer?, “nature conservation, far more than a luxury for the rich, is
a necessity for the poor, because it concerns the care of the common inheritance. And those
who have no private inheritance are far more dependent on what belongs to everyone”.
Moreover, the intra-country and intergenerational equity challenges that lie at the heart of the
multiple environmental crises are more and more evident. To build an economy that is
regenerative and inclusive by design and that no longer produces even a single victim we must
first understand the sources and causes of inequalities and then imagine an economic system
that inspires and facilitates personal development, human connectivity, and empathy. In
particular, I worked with a small team of researchers of my village: this experience taught me
how to collaborate virtually with people from all over the world, and confirmed to me that the
plurality of experiences is a driver of innovative thinking and effective work teams.

Secondly, another important experience was my stay in Wuppertal, as a guest researcher, at the
Circular economy division of the Wuppertal Institut. I spent many months of my PhD in
Wuppertal (from November 2019 to June 2020, and from August 2021 to January 2022). There,
| discovered the concept of sufficiency. While 1 was reading the book “The Politics of
Sufficiency” (Schneidewind & Zahrnt, 2014), it came to my mind the link with the concept of
sobriety, promoted by Pope Francis in the “Laudato si’” (Pope Francis, 2015). Indeed, in
paragraph 223, the Pope claims:

“Such sobriety, when lived freely and consciously, is liberating. It is not a lesser life or one
lived with less intensity. On the contrary, it is a way of living life to the full. On the contrary, it
is a way of living life to the full. In reality, those who enjoy more and live better each moment
are those who have given up dipping here and there, always on the look-out for what they do
not have. They experience what it means to appreciate each person and each thing, learning
familiarity with the simplest things and how to enjoy them. So they are able to shed unsatisfied
needs, reducing their obsessiveness and weariness. Even living on little, they can live a lot,
above all when they cultivate other pleasures and find satisfaction in fraternal encounters, in
service, in developing their gifts, in music and art, in contact with nature, in prayer. Happiness
means knowing how to limit some needs which only diminish us, and being open to the many
different possibilities which life can offer”. (Pope Francis, 2015)

It is evident that in our society sobriety and sufficiency are not guiding principles. The need
for transformative change, amplified and accentuated by the COVID-19 pandemic, calls for a
profound rethinking of our activities and our values. Following my interest for these topics, |
have read books authored by economists and experts in post-growth, e.g., Jason Hickel, Tim
Jackson, and in sustainability, e.g., Donella Meadows, Alexander Langer, Grammenos
Mastrojeni. Moreover, in October 2020 | attended the Toblach Dialogues, on the topic “Never
waste a good crisis: What can we learn from the pandemic to tackle the climate crisis?”. There

! https://www.alexanderlanger.org/it/148/465
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| had the opportunity to listen the lectures of Stefano Casarini, Lorenzo Pagliano, Graeme
Maxton, Matthias Horx, Enrico Giovannini and many others.

Then, | started to believe that a new relationship between humans and nature is required, as a
remedy for the environmental crises and as a prerequisite to live the “Good life”” (Schneidewind
& Zahrnt, 2014). Sometimes we forget that humanity is dependent on nature, not the reverse.
In most western societies we view ourselves as separate from nature. As written by Alex
Massie?, we have built ourselves a world where we are very comfy, but this means we are now
disconnected from the natural world that we are part of. We are insulated in our houses from
the weather, we are not connected to our food in the same way, water is piped to our home,
waste is picked up and taken away: these, along with other disconnects, mean we do not
understand how we fit into ecosystems, and damaging actions follow, most of which we never
see. About this topic, (Pope Francis, 2015) wrote:

“If we approach nature and the environment without this openness to awe and wonder, if we
no longer speak the language of fraternity and beauty in our relationship with the world, our
attitude will be that of masters, consumers, ruthless exploiters, unable to set limits on their
immediate needs. By contrast, if we feel intimately united with all that exists, then sobriety and
care will well up spontaneously. The poverty and austerity of Saint Francis were no mere
veneer of asceticism, but something much more radical: a refusal to turn reality into an object
simply to be used and controlled.” (Pope Francis, 2015)

As written by Alex Massie, the declaration of an ecological emergency can often be
misunderstood. Many think the ecological emergency is a biodiversity problem, a problem in
nature, rather than our place in, and relationship to, the living systems we are all part of.
Mainstream discussions around ecology focus on exotic species like lions in Africa rather than
us, and our relationship with the systems that sustain us. The current sanitary crisis has opened
up a new understanding of the interrelation between humans, wildlife and our shared
ecosystems, and the meaning of well-being and healthy living. The hope is that the response to
Covid-19 can offer the opportunity to address the environmental and social crises decisively
and without further delay.

“Progress is impossible without change and those who cannot change their minds cannot
change anything.” George Bernard Shaw

2 The word ‘Sustainability’ is dead, by Alex Massie, 24 June 2020. Available at:
https://resource.co/article/word-sustainability-dead
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INTRODUCTION

PROBLEM

In the past decades, the combination between the growing population and expanding global
economy have required an ever-increasing supply of materials and extraction of primary
materials, thereby intensifying pressures on land and water usage. The growing extraction of
natural resources and the waste and emissions resulting from their use are directly or indirectly
responsible for humanity approaching or even surpassing critical planetary boundaries.
According to (O’Neill et al., 2018), the universal achievement of more qualitative goals (e.g.
high life satisfaction) would require a level of resource use that is 2—6 times the sustainable
level, based on current relationships.

Within this context, many factors, such as increasing population, a booming economy,
excessive packaging, and the consumption lifestyle, till the paradoxes of the deliberate
destruction and disposal of unsold or returned goods by producers and online retailers® and the
one of food overproduction (Messner et al., 2020), have greatly accelerated solid waste
generation in the world (Minghua et al., 2009).

We are living in the waste age, as claimed by Justin McGuirk, the curator of an exhibition at
the Design Museum in London*. However, humans are not inherently wasteful creatures.
Throwaway culture was something we had to learn, a lifestyle choice, marketed from the mid-
20" century onwards as a decadent release, following the austerity of wartime. It was the
intentional opposite of “make do and mend”. According to the curator of the exhibition, waste
is not merely a byproduct of culture: it is culture. We have produced a culture of waste. Thus,
to focus our gaze on waste is not an act of morbid negativity; it is an act of cultural realism®.
The rules, customs, actors and signals that regulate societies are ill-suited to preventing over-
production in the first place (Messner et al., 2020). Even before markets were increasingly
liberalised from the 1980s onwards, regulatory measures to reduce the number of consumer
goods being produced was uncommon, unless the goods and services posed an immediate and
direct threat to human or societal well-being and garnered enough political support for
intervention. Rather, continually increasing levels of production have been incentivised
through government supports and market mechanisms based on economies of scale.
Meanwhile, a cultural and social emphasis on consumption and a free-market fundamentalism
ideology condone and rely upon a system of obsolescence and waste generation to further
economic growth (Meadows, 1972). Nowadays, industrialised countries face the task of
breaking the bond between economic growth and the environmental impact of consumption
and waste production (Dupre, 2018). Both policymakers and businesses should commit and act
to reduce material use and waste production. In particular, the growth rate of some waste flows
is alarming. The high innovation frequency of the digital economy and decreasing prices of
many electrical and electronic devices, coupled with multiple device ownership, the growth of

3 https://eeb.org/wasteful-destruction-of-unsold-goods-must-be-banned-ngos-urge-the-eu/
4 https://www.theguardian.com/artanddesign/2021/nov/01/waste-age-exhibition-design-museum
5 https://aeon.co/amp/essays/ours-is-the-waste-age-thats-the-key-to-tranforming-the-future
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cloud computing services, the uptake of artificial intelligence, the increased use of mobile,
wireless and connected products and the planned obsolescence of digital end devices leads to
an increase of almost 2 million metric tons per year in global electrical and electronic waste
(Forti et al., 2020).

STATE OF RESEARCH

Prevention of waste is advantageous from any waste management strategy such as energy
recovery, recycle, and landfill because the production of material that becomes waste as well
as its treatment is circumvented. Waste prevention activities are considered essential, because
prevention saves on costs, avoids littering, conserves natural resources and reduces
consumption’s negative effects on the environment (Conn, 1977). Waste prevention could play
a significant role in emission reduction and more specifically in climate change mitigation, if
implemented globally (Gentil et al., 2011): the potential GHG savings from WP and
minimisation could greatly exceed the savings that can be achieved by advanced technologies
managing post-consumer waste (ISWA, 2010). However, waste management has attracted
highly significant levels of investment in its research and development, while preventative
efforts have been arguably under-studied and under-developed (Corvellec, 2016). Within the
discourse on circular economy (CE), whereby materials are continually recycled and reused to
curtail demand for new materials, waste prevention in general has frequently been ignored, as
signaled by states that define waste goals in terms of recycling or diversion, rather than using
indicators that capture prevention success (Thyberg & Tonjes, 2016). The reasons why the
implementation of waste prevention measures has been hesitant for years include a lack of
environmental awareness among stakeholders, a lack of incentives to motivate action,
inadequate data, a general reduction in the importance of repair and reuse due to the shortening
of innovation cycles and a general devaluation of products in modern life (Hutner et al., 2017).
Additionally, preventing waste is considered to have financial benefits in the long run, but the
implementation of measures can create high costs. Although the political commitment to this
topic, according to literature very little is understood about how to monitor and evaluate WP
particularly among local authority waste managers who are most likely to implement
intervention campaigns (Corsini et al., 2018; Gusmerotti et al., 2019; Sharp et al., 2010). The
role and the effectiveness of policies, programmes, targets, economic incentives, and market
based instruments (MBIs) (e.g., Extended Producers Responsibility (EPR), Pay-As-you-Throw
(PAYT) schemes, Deposit-Refund System (DRS), taxes) at higher levels of governance
(regional, national, international) in promoting waste reduction is discussed in literature.

Most literature agrees that a shift from an economy based on production and consumption of
physical products to a service-based economy is needed, in order to counteract the effects of
increased consumption caused by the growing population and its growing economical
capacities to fulfil consumer needs through consumption (ISWA, 2012).

In parallel to this literature, the notion of business model innovation (BMI) has received
increasing attention over the past 15 years. It refers to changes of single or multiple components
in the business model (BM), which guarantee a novel way to create, deliver, and capture value

19



while ensuring companies’ survival and growth (N. M. P. Bocken et al., 2018). Because of the
presence of environmental-damaging substances as well as valuable and rare materials
(Binnemans et al., 2013; Cole et al., 2019; EIP, 2018; Forti et al., 2020; WRAP, 2012),
innovation towards circularity of the sector of electrical and electronic equipment (EEE) is
widely investigated in literature. Nevertheless, according to (Rosa et al., 2019), who conducted
interviews with some experts in the WEEE sector, servitisation and product-service systems
(PSSs) are the second most suitable circular BM to be adopted, after recycling, which seems
the preferred option.

MOTIVATION OF THE RESEARCH AND STRUCTURE OF THE THESIS

With the increasingly fast decline of both terrestrial and aquatic ecosystems and declining
biodiversity, the extent and urgency of action required to mitigate and adapt to climate change,
and alarming estimates of economic and social cost of inaction for addressing global and
pressing environmental issues, the present emerging view is that there is a need for radical
transformational change in how human society operates. This radical change is accepted to
require not only technological interventions but also social, cultural/behavioural, institutional
and organisational change (Ceschin & Gaziulusoy, 2016).

Within this background, the aim of the research is to analyse instruments for the promotion of
waste prevention, firstly with the perspective of policymakers, who could adopt different kinds
of policy instruments, at different geographical levels, and secondly with the perspective of
businesses, which could innovate their business models for product life extension. The
structure of the core part of the thesis is shown in Figure 1, while the detailed research questions
are presented in the following paragraph.

Firstly, from a methodological perspective, it was noticed that the patterns of waste production
are not well known, not even at local/regional level. Thus, the methodology used by the Emilia-
Romagna region to calculate the “equivalent inhabitant” for the waste services at municipal
level was studied. The aim was to develop a general methodology, to calculate the parameter
and to analyse waste generation and waste systems. Furthermore, the need of a simple but
comprehensive methodology for the sustainability assessment of waste prevention measures
emerged, within the dialogue with policymakers. Thus, a methodology was proposed, to
oversee waste prevention measures implemented in the territory, at the consumption level.
Secondly, waste prevention was discussed with the perspective of policymakers. The aim was
the analysis of instruments to promote waste prevention at different governance levels. Finally,
prevention of waste from electrical and electronic equipment is discussed, focusing on the
impact of business model innovation.
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RESEARCH QUESTIONS

e How much the different user categories of a Municipality contribute to the generation
of waste? How to monitor this aspect? (paragraph 2.2)

e How can the effects of waste prevention projects be measured, considering both
reduction of waste generated and related environmental, economic, and social effects?
(paragraph 2.4)

e What is the role of prevention programmes and MBIs (EPR, PAYT, DRS,
Environmental taxes) in boosting prevention of municipal solid waste? (paragraph 3.3)

e Can an institutional reform of waste management governance regime, i.e., a
centralisation of both planning and economic regulation of the waste services at the
regional level, have an impact on waste generation and waste prevention? (paragraph
3.4)

e What are the impacts of waste prevention projects implemented in the Emilia-
Romagna Region at the municipal level? Which typology of project is the most
sustainable one? (paragraph 3.5)

e Can digital solutions help in increasing the circularity rate of professional EEE?
(paragraph 4.2)

e Are servitised business models beneficial in terms of WEEE prevention? Do they
incentivize the extension of EEE lifetime? Are digital technologies enablers of these
business models? (paragraph 4.3)
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CHAPTER 1- ENVIRONEMENT, ECONOMY, SUSTAINABILITY

1.1. THE BACKGROUND: ENVIRONMENTAL CRISIS, ECONOMY, INEQUALITIES.

The urgency of environmental crisis is more evident day by day. The challenges we are facing
are unprecedented: climate change, biodiversity loss, unsustainable use of resources are urgent
and interconnected issues, which have impact on human health and on environment, as well as
on society: The COVID-19 pandemic further highlights the interrelations between our natural
and societal systems: societal resilience depends on a resilient environmental support system,
while biodiversity loss and intensive food systems make zoonotic diseases more likely (EEA,
2020a). According to WHO, 24% of all global deaths (and 28% of deaths among children under
five) are linked to the environment, which is roughly 13.7 million deaths a year. In particular,
ambient air pollution accounts for an estimated 4.2 million deaths per year due to stroke, heart
disease, lung cancer, lung cancer, acute and chronic respiratory diseases (Priss-Ustin et al.,
2016). Furthermore, at global level, there are more than 130 conflicts with an environmental
dimension around the world (Ackva et al., 2021). An increasing number of ecological
distribution conflicts around the world is ultimately caused from the increase in the metabolism
of the economy in terms of flows of energy and materials: there are resource extraction
conflicts, transport conflicts, and also waste disposal conflicts (see https://ejatlas.org/).
Furthermore, evidence on the interplay between mental health and the environment has grown
significantly (Institute for European Environmental Policy (IEEP) & Barcelona Institute for
Global Health (ISGlobal), 2020). Economic impacts related to these environmental issues are
huge. For instance, the economic impact of the climate crisis is potentially infinite: if
temperature deviates from its historical norm by 0,01°C annually, long-term income growth
will be lower by 0,0543 percentage points per year. Furthermore, these negative long-run
growth effects are universal, that is they affect all countries, rich or poor, and hot or cold (IMF,
2019).

Urgent action is needed: for example, considering climate change, the IPCC reports show that
in order to have a good chance of containing the rise in global temperatures to well below 2°C
compared to pre-industrial levels, it is necessary to achieve a balance between greenhouse gas
emissions and removals by 2050, i.e., less than 30 years: a very short time for an ecological
transition on a global scale. Something extraordinary must be done with exceptional speed
(Caserini, 2020).

Taking into account a more comprehensive assessment, the urgency of action is also evident:
the ‘doughnut of social and planetary boundaries’ has received widespread attention as a
holistic tool for envisioning human development on a stable and resilient planet. Within this
framework, the environmental ceiling consists of nine planetary boundaries, as set out by
(Rockstrom et al., 2009), beyond which lie unacceptable environmental degradation and
potential tipping points in Earth systems. By complementing the concept of “environmental
boundaries” with the concept of “social boundaries”, the safe and just space for humanity can
be defined (Raworth, 2012; Wiedmann et al., 2020). The twelve dimensions of the social
foundation are derived from internationally agreed minimum social standards, as identified by
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the world’s governments in the Sustainable Development Goals in 2015. Between social and
planetary boundaries lies an environmentally safe and socially just space in which humanity
can thrive (see https://www.kateraworth.com/doughnut/ for further details). As relevant
examples, the doughnuts for Italy and EU-28 are shown in Figure 2.

Figure 2- Doughnut of social and planetary boundaries- Italy and EU-28. Source:
https://goodlife.leeds.ac.uk/national-snapshots/

According to (Fanning et al., 2021), who analysed the historical dynamics of 11 social
indicators and 6 biophysical indicators across more than 140 countries from 1992 to 2015 using
the doughnut-shaped ‘safe and just space’ framework, the ‘business-as-usual’ projections to
2050 suggest deep transformations are needed to safeguard human and planetary health: current
trends will only deepen the ecological crisis while failing to eliminate social shortfalls.

Anthropocene and Econocene

Although Earth has undergone many periods of significant environmental change, the planet's
environment has been unusually stable for the past 10,000 years. This period of stability —
known to geologists as the Holocene — has seen human civilizations arise, develop, and thrive.
Such stability may now be under threat (Rockstrom et al., 2009). The anthropic nature of the
environmental crisis has been highlighted by many scientists. Of the nine planetary boundaries
that keep Earth in a relatively stable state, four are under enormous pressure from humanity
and show signs of extreme stress. Humanity has altered the carbon cycle, the nitrogen cycle
and the water cycle, caused ocean acidification, punched a hole in the ozone layer and sparked
an ecological crisis (The Club of Rome & Potsdam Institute for Climate Impact Research,
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2020).

Since the Industrial Revolution, a new era has arisen, the Anthropocene, in which human
actions have become the main driver of global environmental change (Rockstrém et al., 2009).
Anthropocene is a term coined in the 1980s by biologist Eugene Stoermer, which was adopted
in 2000 by Nobel Prize winner for chemistry Paul Crutzen in his book "Welcome to the
Anthropocene’. The term denotes the current geological era in which humans and their
activities are attributed the main causes of spatial, structural, and climatic changes. Indeed,
humanity has become a dominant force in shaping the face of Earth. As written by Justin
McGuirk®, “the Anthropocene, or the age of human-driven planetary change, helps to evoke
the new geological layer we are forming, a new planetary crust composed of our fossil-fuel
residues, bottle tops and cigarette butts”. As relevant example of how the human beings have
change the Earth, (Elhacham et al., 2020) quantify the human-made mass, referred to as
‘anthropogenic mass’, and compare it to the overall living biomass on Earth, which currently
equals approximately 1.1 teratonnes. They find that Earth is exactly at the crossover point; in
the year 2020 (x 6), the anthropogenic mass, which has recently doubled roughly every 20
years, will surpass all global living biomass. On average, for each person on the globe,
anthropogenic mass equal to more than his or her bodyweight is produced every week. This
quantification of the human enterprise gives a mass-based quantitative and symbolic
characterization of the human-induced epoch of the Anthropocene (Elhacham et al., 2020). The
beginning of the Anthropocene also marks the beginning of a new era of responsibility: global
society must limit anthropogenic changes to the Earth system for the sake of its own future if
the damage to human societies is to remain tolerable. In the age of the Anthropocene,
sustainable development is no longer possible without taking the impact of human activities on
the Earth system into account (WBGU, 2014).

As highlighted by many studies, from Limits to Growth (Meadows, 1972) to Planetary
Boundaries (Rockstrém et al., 2009), the economic growth leads to the inhospitality of planet
Earth for humans. According to (EEA, 2021), the ongoing ‘Great Acceleration’ in loss of
biodiversity, climate change, pollution and loss of natural capital is tightly coupled to economic
activities and economic growth. For this reason, nowadays, the term Econocene has become
popular. Richard Norgaard (Norgaard, 2014) argues how the current age of Econocene causes
social and political distraction through commercialization, externalization of social and
ecological costs, perpetual productivity increase and unlimited money creation. Others’ prefer
a more political definition, the Capitalocene, which points the finger at a specific economic
system: capitalism.

According to Justin McGuirk®, using the term “Waste Age” to refer to the current geological
era both its geological and economic dimensions are acknowledged: culture produces not just
architecture and ingenious devices, but also a million plastic bags a minute, and growth is
entirely dependent on the relentless and ruthlessly efficient generation of waste. At the same
time, to invoke the Waste Age is also to claim that waste is one of the great material resources
of our time. It acknowledges the tremendous untapped value in what we throw away.

5 https://aeon.co/amp/essays/ours-is-the-waste-age-thats-the-key-to-tranforming-the-future

"i.e., Jason W. Moore, author of the book “Anthropocene or Capitalocene? Nature, History, and the Crisis of
Capitalism” (2016)

8 https://aeon.co/amp/essays/ours-is-the-waste-age-thats-the-key-to-tranforming-the-future
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Consumption and its environmental consequences

As shown in Figure 3, global population has an average growth of 1.6% annually, in the period
from 1970 to 2010. Population growth has, however, slowed down in the past decade (2000—
2010) with annual average growth reducing to 1.2%. The global economy has grown from
US$15.4 trillion in 1970 to US$51.7 trillion in 2010 (at 2005 constant prices) which equals
more than a threefold increase at an average annual rate of 3.1% or double the rate of population
growth. Similar to population, GDP growth has also slowed over the past decade (2000-2010)
to an average annual growth of 2.6%. In contrast to population and GDP, there was an
acceleration in growth of material use in the decade from 2000 to 2010, reaching 3.7%
annually.
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Figure 3- Trends in GDP, population, domestic extraction, exports, and raw material equivalents (RME)
of exports, 1970-2010, index 1970=1. Source: (UNEP, 2016)

While population growth was the leading cause of increasing consumption from 1970 to 2000,
the emergence of a global affluent middle class has been the stronger driver since the turn of
the century(EEA, 2021). In general, the consumption decisions and lifestyles of the middle and
upper classes are currently making the biggest contribution to the causes of global
environmental problems and should be transformed in a sustainable direction. In the past, the
middle and upper classes were primarily to be found in the OECD countries, but now they are
growing much faster in the emerging economies than in industrialized countries.
Transformation makes the greatest demands on the global middle and upper classes, since they
consume the most resources as a result of their high incomes; they also have the largest
ecological footprint. Their current consumption patterns cannot be universalized for all people
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(WBGU, 2014). Nowadays, about 1.7 billion people belong to the so-called ‘Consumer Class’
and this number is increasing rapidly. Generally speaking, the consumer class is defined as
being able to buy goods and services other than their basic needs. Consumerism, in its current
form, is negatively affecting the planet, and as the number of consumers grow, so does their
impact on the planet®. Decoupling economic growth from environmental impacts seems an
utopia: for over half a century, worldwide growth in affluence has continuously increased
resource use and pollutant emissions far more rapidly than these have been reduced through
better technology (Wiedmann et al., 2020): recent studies, such as (Hickel & Kallis, 2020), find
no evidence of absolute decoupling between growth and environmental degradation having
taken place on a global scale. At the same time, inequalities have grown and seem out of control
(Berkhout et al., 2021). As the study conducted by (Bauwens, 2021) reveals, an expanding
body of empirical evidence shows that, thus far, increases in the global GDP have been tightly
coupled with an increase in the size of the material footprint and associated ecological impacts
of the economy (Hickel & Kallis, 2020). Global absolute decoupling of GDP growth and
resource consumption (i.e., a decline in the global material footprint in absolute terms while
the global GDP continues to increase) is still far from a reality (see
https://unstats.un.org/sdgs/report/2020/goal-12/).

Consumption is recognised as a stronger driver of material use than population growth, and the
richest countries still today consume on average ten times more materials than the poorest
(Potocnik et al., 2018). Also the report by (UNEP, 2016) shows that consumption is the main
driver of increased material use, more important than population growth in recent decades.
Globally, growth in per capita income and consumption has been the strongest driver of growth
in material use, even more important than population growth in recent decades, especially since
2000. Population has continued to contribute to rising material demand but not to the same
extent as rising per capita income and the emergence of a new middle class in developing
countries. Material efficiency mitigated some of the growth of material use driven by growing
population and world economy between 1970 and 1990. Since 1990, there has not been much
improvement in global material efficiency, which actually started to decline around 2000. As
argue by (Krausmann et al., 2017), research has shown that at the macrolevel growth in
affluence (GDP/capita) is the main driver of growth in material use. As shown by (UNEP,
2016), global material use has tripled over the past four decades, with annual global extraction
of materials growing from 22 billion tonnes (1970) to 70 billion tonnes (2010). Figure 4 shows
the global domestic extraction from 1970 till 2017.

9 https://donboscogreen.org/consumerism-climate-change-why-what-you-buy-matters/
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Figure 4- Global domestic extraction in 1970-2017. Source: www.materialflows.net

When it comes to climatic issue, as reported by IPCC (Capstick et al., 2021), minimizing the
impacts of climate change also requires rapid transitions in people’s lifestyles and how we
organize our societies, institutions and infrastructure. This is underscored by the fact that
household consumption accounts for around two-thirds of global greenhouse gas (GHG)
emissions. On an aggregate level, compliance with the 1.5°C goal of the Paris Agreement will
require reducing consumption emissions to a per capita lifestyle carbon footprint of around 2
to 2.5 tons of COzeq by 2030, and an even smaller 0.7 tons by 2050. Most climate mitigation
pathways that seek to keep temperature rise to within 1.5°C envisage a major role for lifestyle
change (Capstick et al., 2021).

Economic and environmental inequalities

As written in the introduction, we live in a world of inequalities. The most evident and
researched ones are economic inequalities, which are getting worst over the last decades
(Figure 6 and Figure 7 show GDP per capita, for the seven worlds regions defined in Figure 5
and for four national income bands, respectively). Income inequalities within each country are
also increasing®: (Islam, 2015) evidence a negative correlation between income inequality

10 https://www.un.org/en/un75/inequality-bridging-divide
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within a Country and environmental quality, showing that inequality exerts adverse impact on
environmental outcomes.

As argued by (Jackson, 2018) the suggestion that rising inequality is somehow an inevitable
result of a decline in the growth rate is fundamentally wrong. More correct would be to argue
that rising instability (both social and financial) is result of trying to protect the growth rate in
the face of an underlying decline in productivity, by privileging the interests of the owners of
capital over the interests of those employed in wage labour in the economy. Reversing this
trend by raising the labour productivity growth rate through selective technologies is a highly
uncertain strategy that may exacerbate the environmental and social problems of the 21%
century.

Regions

Figure 5- Regional classification (UNEP, 2016)
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GDP per capita

Figure 6- Per capita GDP for seven world regions, plus global average, 1970-2016, US$ per capita. Source:
(IRP, 2019)
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Figure 7- Per capita GDP for four national income bands, plus global average, 1970-2016, US$ per capita,
with ratio of high-income group to world total. Source: (IRP, 2019)

Moreover, environmental inequalities must also be considered. According to (Chancel &
Piketty, 2015), different types of “environmental inequalities” can be distinguished:
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inequalities in terms of exposure to environmental degradation, and inequalities in contribution
to pollution. Exposure inequalities occur between countries (tropical countries are more
exposed to climate change than more temperate zones, for instance), but also within countries
and among social or ethnic groups. The second type of environmental inequality relates to
contribution to pollution inequalities, or to the differentiated impacts of social groups or
individuals on environmental degradation. Environmental inequalities can also take a third
form, namely policy effect inequalities. These are inequalities generated by environmental
policies that alter income distributions. A fourth form of environmental inequalities relates to
policy making inequalities, i.e., different social groups do not access environmental policy
making in the same way (Martinez-Alier, 2003). In the following paragraphs, inequalities in
material consumption and in CO2¢q emissions are analysed.

Material consumption and environmental inequalities

As far as natural resources are concerned, no country meets the basic needs for its citizens at a
globally sustainable level of resource use (O’Neill et al., 2018; Randers et al., 2018). The global
total and per capita material footprint of consumption continues to increase, although many
regions have been successful in reducing domestic material consumption (Chan et al., 2018).

According to (IRP, 2019), domestic material consumption (DMC) is a direct measure of the
materials that are consumed in a national economy, calculated as domestic extraction (DE) plus
physical trade balance. This is a direct indicator of the total materials that must be directly
managed in a nation’s territory. These materials may be consumed over the short term (such as
most fossil fuels) and so turned into waste and emissions, or remain for prolonged periods of
time in national stocks (for example metals and building materials in vehicles and consumer
durables, buildings, transportation, and other network infrastructure). Ultimately, however, the
materials accounted for in DMC will need to be disposed of back into the environment as some
form of waste or emission. Therefore, DMC can also be thought of as an indicator of the long-
term waste potential of a national economy. Figure 8 and Figure 9 show the evolution and the
differences in per capita DMC among the world regions and among the income bands.
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Figure 8- Per capita domestic material consumption by seven world regions, with world average, 1970-
2017. Source: (IRP, 2019)
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Figure 9- Per capita domestic material consumption by four national income bands, with world average,
1970 -2017, and ratio of high-Income group to world total. Source: (IRP, 2019)
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Material footprint (MF) is another material flow indicator, demand-based rather than a
territorially based. In short, it attributes all of the material resources mobilized globally to the
final consumer, and so it traces embodied or virtual flows of materials associated with value,
rather than simply territorially delineated physical flows. Inequalities in the material footprint
of countries are stark (Figure 10). High-income countries maintain levels of per capita material
footprint consumption (around 27 tons per person) that are 60 per cent higher than upper-
middle income countries and more than thirteen times the level of the low-income countries
(IRP, 2019).
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Figure 10- Material footprint per capita by four national income bands, with World average, 1970 — 2017,
and ratio of high-income group to world total. Source: (IRP, 2019)

While the mass-flow indicators are very useful for understanding the environmental pressures
from material consumption, information about the environmental impacts of resource use and
resource management practices is also needed to support policymaking for the sustainable use
of natural resources. Indeed, impact-based indicators can provide a different picture than mass-
based indicators. Considering materials, the report (IRP, 2019) assess the impact related to
materials: the focus is on the resource extraction and processing phase of production, and stops
at the “ready-to-use” materials and fuels phase (which includes the waste disposal processes in
the extraction and processing phase, such as emissions and impacts of mine tailings). The
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relevant outcome is that resource extraction and processing account for more than 90 per cent
of global biodiversity and water stress impacts, and approximately half of global climate
change emissions (not including climate impacts related to land use). These results illustrate
that resources need to be put at the centre of climate and biodiversity policies. As shown by
Figure 11, per capita impacts vary a lot among the different geographical areas, showing
inequalities in the contribution to environmental degradation.

| .

Figure 11- Impacts (climate change impacts, PM health impacts, water stress, land use-related
biodiversity loss) and socioeconomic footprints (value added, employment) attributed to the region of
consumption. Source: (IRP, 2019)

CO2eq emissions and environmental inequalities

Many studies focused on CO2eq emissions inequalities, in terms of contribution. Lifestyle
consumption emissions are highly unequal within and between countries. According to
(Chancel & Piketty, 2015), global CO2eq emissions inequalities between individuals decreased
from Kyoto to Paris, due to the rise of top and mid income groups in developing countries and
the relative stagnation of incomes and emissions of the majority of the population in
industrialized economies. Income and COzeq emissions inequalities however increased within
countries over the period. Global COzeq emissions remain highly concentrated today: top 10%
emitters contribute to 45% of global emissions, while bottom 50% contribute to 13% of global
emissions. As stated by (OXFAM, 2015) (Figure 12), the poorest half of the global population
—around 3.5 billion people — are responsible for only around 10% of total global emissions
attributed to individual consumption, yet live overwhelmingly in the countries most vulnerable
to climate change. This is confirmed by the recent report (Chancel et al., 2021): on average,
humans emit 6.6 tonnes of CO¢q per capita, per year. As shown by Figure 13, the top 10% of
emitters are responsible for close to 50% of all emissions, while the bottom 50% produce 12%
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of the total (Chancel et al., 2021). Figure 14 shows that these inequalities are not just a rich vs.
poor country issue. There are high emitters in low- and middle-income countries and low
emitters in rich countries. The richest 10% of people around the world have average carbon
footprints 11 times as high as the poorest half of the population, and 60 times as high as the
poorest 10%. The average footprint of the richest 1% of people globally could be 175 times
that of the poorest 109%™,

Percentage of CO: emissions by world population

Richest o/ Richest 10% responsible for almost hall of tolal Ifestyle
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Figure 12- Global income deciles and associated lifestyle consumption emissions. Source(OXFAM, 2015)

11 https://amp-thequardian-com.cdn.ampproject.org/c/s/amp.thequardian.com/commentisfree/2021/dec/07/we-
cant-address-the-climate-crisis-unless-we-also-take-on-global-inequality
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Figure 14- Per capita emissions across the world, 2019. Source: (Chancel et al., 2021)

As relevant example of inequalities among geographical regions, Figure 15 shows the

average household carbon footprint in Europe.

37



(b) Average household carbon footprint

(tCO2e/cap)

W <55

B 55-68

B 68-80 -
8.0-9.3 B
9.3-10.5 3 i -
10.5-11.8 o
11.8-13.0 Ny
13.0-14.3 by
14.3-15.5 . ) =

B 155-168 = S

B >i6s "‘ PR

/“’.ﬁ.~’

-

Figure 15- Average household carbon footprint. Source:
https://environmentalfootprints.org/environmental-footprints

Moreover, as far as the evolution of the emissions is concerned, Figure 16 shows that the shares
of emissions across income groups have remained essentially unchanged across the period
1990-2015. While millions of people escaped extreme poverty in countries like China and
India, significantly increasing their incomes and associated consumption emissions,
consumption emissions also continued to grow among the richest (OXFAM, 2020). Figure 17
shows how consumption emissions grew between 1990 and 2015 for each ventile (5%) of the
population. While per capita consumption emissions increased the most among the global
middle classes — from a very low starting point — the richest income groups contributed most
to the absolute growth in global emissions — the shape of the curve resembling a dinosaur. With
millions of people lifted out of poverty and a rapidly expanding middle class in the coming
decades, a prosperous and equitable world calls for transformative changes in lifestyles and
consumption behaviour.
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1.2.  INTERNATIONAL COMMITMENT: SUSTAINABLE DEVELOPMENT AND
SUFFICIENCY

Sustainable Development Goals (SDGs), SDG Index, and their limitations: a comparison with
the Laudato Si’ (Pope Francis, 2015)

In 2015, three important documents were released: in June the encyclical letter “Laudato si’.
On care for our common home” (Pope Francis, 2015), in September the Agenda 2030 with the
Sustainable Development Goals (SDGs) by the United Nations (United Nations, 2015), and
finally in December the Paris agreement. They all deal with the environmental crisis, resource
use and inequalities, even if with different approaches.
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Figure 18- SDGs and DPSIR model

The 2030 Agenda for Sustainable Development provides a shared blueprint for peace and
prosperity for people and the planet, now and into the future. The 17 SDGs are an urgent call
for action by all countries - developed and developing - in a global partnership. Figure 18 shows
a classification of the SDGs according to the DPSIR model, a causal framework for describing
the interactions between society and the environment. In the nutshell, DPSIR is considered as
a powerful tool, to address the consequences, the influences and the effects of several human
activities and corresponding planning and policies for responses. It includes:
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e Drivers (driving forces), which describe the social and economic developments in
societies and overall levels of consumption and production patterns.

e Pressures, which describe developments in the release of substances, physical and
biological agents, the use of resources and use of land.

e State, which provides a description of the quantity and quality of physical, biological
and/or chemical phenomena in a certain area.

e Impacts, which describe the relevance of the state of the environment, and the
corresponding implications for ecosystems, the economy and well-being.

e Response, which refers to society actions that attempt to prevent, compensate,
ameliorate, or adapt to changes in the state of the environment.

Many critics have been addressed to the Agenda 2030. As stated by Julia Schoneberg and Mia
Kristin Hackl*?, “Agenda 2030 might have made attempts to be greener and more inclusive,
but essentially it remains a technocratic checklist of modernist politics. Formulated in
quantifiable terms and oriented along a linear timeframe of progression towards economic
growth and globalised capitalism, it perpetuates the same embodied exclusions,
institutionalised supremacist structures and violent extractivisms as before”. Other critics to
the SDGs themselves are addressed to the Goal 8, “Promote sustained, inclusive and
sustainable economic growth, full and productive employment and decent work for all”, where
the objective 8.1 states “Sustain per capita economic growth in accordance with national
circumstances and, in particular, at least 7 per cent gross domestic product growth per annum
in the least developed countries”. As wrote by (Hickel, 2015), the SDGs are a paean to
consumption-driven economic growth:(Menton et al., 2020) emphasize the contradictions
inherent in promoting environmental sustainability within a framework that promotes GDP
growth and operates within a neoliberal capitalist system that values consumption and growth
often at the expense of environmental sustainability. The priority — as Alston, Naidoo, and
Fisher, among many others, advocate — is to decouple the SDGs from economic growth
targets. It is not just that growth is unachievable — at least for the foreseeable future — but
that there is evidence to show that its benefits have not been equitably shared ("Time to revise
the Sustainable Development Goals. ," 2020). The SDG Target 10 commits countries to ‘reduce
inequalities within and among countries’, but this should be pursued in a growth scenario. As
written by (Alston, 2020), the SDGs’ commitment to at least 7 percent annual GDP growth in
least developed countries is both likely unattainable and at odds with emerging challenges to
the traditional growth paradigm. Significant redistribution is indispensable. A ‘pro-poor’
growth scenario necessitates a far smaller increase in global GDP and eradicates poverty much
sooner. If every country reduced its Gini index by 1 percent per year, it would have a larger
impact on global poverty than increasing each country’s annual growth one percentage point
above current forecasts (Alston, 2020). As written many years ago by the economist Henry
Wallich, “growth is a substitute for equality of income. So long as there is growth there is hope,
and that makes large income differentials tolerable”.

12 https://www.globalstudies.ugent.be/it-is-time-to-abandon-development-goals-and-demand-a-post-2030-
utopia/2/
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As argued by (Hobson & Lynch, 2016), the goal of resource conservation cannot be achieved
by focusing on the capitalist economic model, which is designed for growth. By definition,
sustainable development cannot be based on the depletion of finite natural resources. At the
same time, there is no bigger threat to prosperity than the dramatic climate and environmental
impacts that result from this depletion (SYSTEMIQ & The Club of Rome, 2020). In the Goal
12 (Ensure sustainable consumption and production pattern), efficiency in resource use is
highlighted, while the Agenda 21 (signed in Rio de Janeiro in 1992) had dared more:

“4.4. Measures to be undertaken at the international level for the protection and enhancement
of the environment must take fully into account the current imbalances in the global patterns
of consumption and production.

4.5. Special attention should be paid to the demand for natural resources generated by
unsustainable consumption and to the efficient use of those resources consistent with the goal
of minimizing depletion and reducing pollution. Although consumption patterns are very high
in certain parts of the world, the basic consumer needs of a large section of humanity are not
being met. This results in excessive demands and unsustainable lifestyles among the richer
segments, which place immense stress on the environment. The poorer segments, meanwhile,
are unable to meet food, health care, shelter, and educational needs. Changing consumption
patterns will require a multipronged strategy focusing on demand, meeting the basic needs of
the poor, and reducing wastage and the use of finite resources in the production process

(...)

4.11. Consideration should also be given to the present concepts of economic growth and the
need for new concepts of wealth and prosperity which allow higher standards of living through
changed lifestyles and are less dependent on the Earth's finite resources and more in harmony
with the Earth's carrying capacity. This should be reflected in the evolution of new systems of
national accounts and other indicators of sustainable development.”

According to the International Resource Panel, trade-offs among various SDGs are
unavoidable; the most efficient strategy to mitigate them and resolve the environmental and
developmental challenges is through sustainable consumption and production (SYSTEMIQ &
The Club of Rome, 2020). Thus, SDGs of Agenda 2030 will only be reached when sustaining
resource use throughout production and consumption of every country (Bringezu, 2018). As
stated in the previous paragraphs, consumption of affluent households worldwide is by far not
only the strongest determinant and the strongest accelerator of increases of global
environmental impacts, but also of social ones (Wiedmann et al., 2020), thus hindering the
achievement of sustainable development goals. Any transition towards sustainability can only
be effective if far-reaching lifestyle changes complement technological advancements
(Wiedmann et al., 2020).

Many goals and targets directly address natural resource management (target 12.2), waste
minimisation (target 12.5) and decoupling of economic growth and natural resource use (target
8.4) with developed countries being expected to take a leading role; particularly, all the 16
topical goals relate directly or indirectly to natural resource use (Bringezu, 2018). Nevertheless,
according to (Wackernagel et al., 2017), if the indicators within the SDG index are split into

42



three categories: (1) those that decrease people’s resource dependence, (2) those that increase
people’s resource dependence and (3) those that neither increase or decrease resource
dependence, the indicators within the three categories make up 13.6%, 67.6%, and 18.8% of
the weight of the index, respectively, meaning that resource demanding aspects (category 2)
outpace resource securing aspects (category 1) five to one. This contradicts what many
scientists support, i.e., the strict enforcement of reduction targets of 80-90% on resources, for
reasons of both environmental protection and global justice (Haberl et al., 2020; Schmidt-
Bleek, 2008; Spangenberg et al., 1999; Spangenberg & Lorek, 2019; SYSTEMIQ & The Club
of Rome, 2020).

Doubts on the suitability of the SDG index are highlighted also by (Hickel, 2020), who state
that it is, from the perspective of ecology, incoherent, since it creates the illusion that rich
countries have high levels of sustainability when in fact they do not.

COVID-19 is exposing the fragility of the 2030 Agenda. As stated by (van Zanten & van
Tulder, 2020), various commentators have started to wonder whether we should not just rethink
the world’s sustainable development strategy. The possibility of recalibrating the SDGs in
response to COVID-19, the ensuing recession, and accelerating global warming is suggested
by (Alston, 2020), who point out the fact that they are failing in relation to key goals such as
poverty eradication, economic equality, gender equality, and climate change. (Naidoo &
Fisher, 2020) expect progress on the SDGs to further worsen due to COVID-19, arguing that
the world needs to better define priorities and probably focus on a few broad strategic goals
rather than all 17 SDGs. A Nature editorial ("Time to revise the Sustainable Development
Goals. ," 2020) goes further to proclaim it is time to revise SDGs, in order to make the goals
more achievable. For sure, the COVID-19 pandemic is negatively impacting the EU’s progress
towards achieving the SDGs, as recently reported by (Eurostat, 2021). The pandemic is halting
progress towards achieving Goals concerning the economy and the labour market (SDG 8),
education (SDG 4), gender equality (SDG 5), inequalities (SDG 10) and global partnerships
(SDG 17).

Nowhere is it admitted in the 2030 Agenda that the successes in reaching the eleven so-called
social and economic goals (Goals 1 — 11), if done based on conventional growth policies, would
make it virtually impossible to reduce the speed of global warming, to stop overfishing in the
oceans or to stop land degradation, let alone to halt biodiversity loss (Randers et al., 2018). The
“Scenario 2: Faster —accelerating economic growth” developed by (Randers et al., 2018) shows
what will happen if global society tries to solve the challenge through accelerated growth in
GDP (growth rates that are +1% higher in GDP per person than the historic trend), based on
the conventional assumptions that simply more economic muscle will trickle down into
solutions of the SDGs. While an increasing number of social and economic SDGs may be
reached by 2030 (i.e., short-term delivery on some goals), it will occur at the expense of
environmental SDGs and push planetary boundaries deeper into high-risk, red zones by 2050.
This will undermine human development in the long term. Uncontrolled, exponential
technological and economic growth (even if willed) is likely to result in rebound effects that
accelerate humanity’s journey towards destabilising the planet with declining natural life-
support systems. It is not possible to attain the SDGs by investing solely in accelerated
economic growth. A more thoughtful, guided effort is necessary.
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Oppositely, the Pope claims:

“Some circles maintain that current economics and technology will solve all environmental
problems, and argue, in popular and non-technical terms, that the problems of global hunger
and poverty will be resolved simply by market growth. They are less concerned with certain
economic theories which today scarcely anybody dares defend, than with their actual operation
in the functioning of the economy. They may not affirm such theories with words, but
nonetheless support them with their deeds by showing no interest in more balanced levels of
production, a better distribution of wealth, concern for the environment and the rights of future
generations. Their behaviour shows that for them maximizing profits is enough. Yet by itself
the market cannot guarantee integral human development and social inclusion®3. At the same
time, we have “a sort of ‘superdevelopment’ of a wasteful and consumerist kind which forms
an unacceptable contrast with the ongoing situations of dehumanizing deprivation "4, while
we are all too slow in developing economic institutions and social initiatives which can give
the poor regular access to basic resources. We fail to see the deepest roots of our present
failures, which have to do with the direction, goals, meaning and social implications of
technological and economic growth.” (Pope Francis, 2015)

Moreover, intergenerational solidarity is key to addressing diametrically opposed levels of
risks for the young and old (Vinke et al., 2020). As argued by Clark and Harley (2020), society
cannot achieve the Sustainable Development Goals without giving more attention to the
challenges of achieving fair and just distributions of well-being both within and between
generations. This aspect is neglected in the Agenda 2030. On the other side, (Pope Francis,
2015) entitles the fifth section of his encyclical letter “Justice between the generations” and he
writes:

“159. (...) The global economic crises have made painfully obvious the detrimental effects of
disregarding our common destiny, which cannot exclude those who come after us. We can no
longer speak of sustainable development apart from intergenerational solidarity. Once we start
to think about the kind of world we are leaving to future generations, we look at things
differently; we realize that the world is a gift which we have freely received and must share
with others. Since the world has been given to us, we can no longer view reality in a purely
utilitarian way, in which efficiency and productivity are entirely geared to our individual
benefit. Intergenerational solidarity is not optional, but rather a basic question of justice, since
the world we have received also belongs to those who will follow us. The Portuguese bishops
have called upon us to acknowledge this obligation of justice: “The environment is part of a
logic of receptivity. It is on loan to each generation, which must then hand it on to the
next””.(Pope Francis, 2015)

A comparison between the Agenda 2030 and the encyclical letter (Pope Francis, 2015) was
performed by (Sachs, 2017), According to (Sachs, 2017), the Agenda 2030 does not talk about

13 Cf. BENEDICT XVI, Encyclical Letter Caritas in Veritate (29 June 2009), 35: AAS 101 (2009), 671.
4 1bid., 22: p. 657.
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“limits”, but only about “risks” or “lack”. On the contrary, Pope Francis recognises that the
exploitation of the planet has already exceeded acceptable limits:

“27. Other indicators of the present situation have to do with the depletion of natural
resources. We all know that it is not possible to sustain the present level of consumption in
developed countries and wealthier sectors of society, where the habit of wasting and discarding
has reached unprecedented levels. The exploitation of the planet has already exceeded
acceptable limits and we still have not solved the problem of poverty.” (Pope Francis, 2015)

The Pope suggests decreased growth for some areas of the world:

“193. In any event, if in some cases sustainable development were to involve new forms of
growth, then in other cases, given the insatiable and irresponsible growth produced over many
decades, we need also to think of containing growth by setting some reasonable limits and even
retracing our steps before it is too late. We know how unsustainable is the behaviour of those
who constantly consume and destroy, while others are not yet able to live in a way worthy of
their human dignity. That is why the time has come to accept decreased growth in some parts
of the world, in order to provide resources for other places to experience healthy growth.
Benedict XVI has said that “technologically advanced societies must be prepared to encourage

more sober lifestyles, while reducing their energy consumption and improving its efficiency”.
(Pope Francis, 2015)

Thus, it is indeed the rich who have to change, not the poor, it is wealth that needs to be
alleviated, not poverty (Sachs, 2017). This is what the concept of sufficiency describes (see
next paragraph), being a mere refusal to live at the expense of others (Sachs, 2017).

To conclude, it can be claimed that we need to reframe the UN paradigm of three pillars of
sustainable development — economic, social, and environmental and review the definition of
sustainable development given in the Report (Our Common Future, in 1987) by the Brundtland
Commission, formally known as the World Commission on Environment and Development
(WCED):

“Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs. ”

Indeed, this theory makes it possible to relativise ecological demands, and, if necessary, to
subordinate them to the imperative of growth (Wuppertal Institut, 2011). According to the win-
win paradigm, environmental and social issues are only taken into account to the degree that
they contribute to an enhanced corporate economic performance (“if it is not profitable you do
not do it”). There is little ambition to fundamentally change core business practices for the sake
of sustainable development: The focus is on being less unsustainable, rather than being truly
sustainable (Griggs et al., 2013; Montabon et al., 2016). Given the above, in 2013 a group of
researchers proposed a new definition of sustainable development:

“Development that meets the needs of the present while safeguarding Earth’s life support
system, on which the welfare of current and future generations depends”

In this case, sustainability is view as a nested concept (Griggs et al., 2013): this perspective
implies that dimensions of sustainability are not equally important. Economy is embedded into
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environment and society. Thus, the economic outcomes are nested under, rather than being
equally important to, environmental and social outcomes (Figure 19). Moreover, as many
scientists claim, institutional sustainability is also important. Institutions are the result of
interpersonal processes, such as communication and co-operation, resulting in information and
systems of rules governing the interaction of members of a society (Spangenberg, 2002).
(O’Connor, 2006) demarks the importance of the political sphere whose role is regulation of
the economic and social spheres and thus of relations with (and within) the environmental
sphere. Finally, other researchers highlight the importance of setting a fourth pillar, i.e. cultural
sustainability, and the need for more transdisciplinary and broader understandings of culture in
sustainable development discourse (Soini & Birkeland, 2014).

~ Environmental

Social

Economic |
/

Figure 19- Sustainability as a nested concept. Source:(Griggs et al., 2013)

Sufficiency

“A tourist focuses in on a most idyllic picture: a man in simple clothes dozing in a fishing
boat that has been pulled out of the waves which come rolling up the sandy beach. The
camera clicks, the fisherman awakens.

The tourist offers him a cigarette and launches into a conversation: “The weather is great,
there is plenty of fish, why are you lying around instead of going out and catching more? ”
The fisherman replies: “Because I caught enough this morning.”

“But just imagine,” the tourist says, “‘you would go out there three or four times a day,
bringing home three or four times as many fish! You know what could happen?”

The fisherman shakes his head.

“After about a year you could buy yourself a motor-boat,” says the tourist. “After two years
you could buy a second one, and after three years you could have a cutter or two. And just
think! One day you might be able to build a freezing plant or a smoke house, you might
eventually even get your own helicopter for tracing shoals of fish and guiding your fleet of
cutters, or you could acquire your own trucks to ship your fish to the capital, and then...”
“And then?” asks the fisherman.
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“And then”, the tourist continues triumphantly, “you could be calmly sitting at the beachside,
dozing in the sun and looking at the beautiful ocean!”

The fisherman looks at the tourist: “But that is exactly what I was doing before you came
along!™”

(Source: (Sachs, 1999))

The normative concept of sufficiency, also referred to as enoughness or strong sustainable
consumption, has become centre stage as it has been recognised that the levels rather than the
patterns of consumption are decisive for environmental degradation (Spangenberg & Lorek,
2019). Environmental discourse identifies three potential pathways to sustainability:
efficiency, consistency, and sufficiency (Fischer & Griehammer 2013). While efficiency
aims at reducing resource use through technological advances, consistency is concerned with
a return to natural cycles, for instance through renewable energy or biodegradable resources.
Sufficiency, on the other hand, regards needs and lifestyles. It is about reduction and new ways
to live fulfilled lives with fewer resources. It is becoming increasingly clear that efficiency and
consistency are insufficient as strategies for reaching the sustainability goals. Strategies for
sustainability should embrace all three principles and be more creative, consequent, and daring
in implementing sufficiency politics. Based on the “towards sustainability” scenario from the
International Resource Panel (IRP) (IRP, 2019) that models a future by combining principles
of efficiency, sufficiency and a shift to renewable resources, this would see a reduction of GHG
emissions by at least 90% from 2015 levels, prevent the loss of at least 1.3 billion hectares of
pristine nature, and restore a further 450 million hectares while stimulating economic
development.

According to (Boulanger, 2010), the formula of sustainability can be written as:

Wb _Se_C

=% X T XEF

Where:

S=the sustainability

Wh= the level of well-being

Se=Service

WB/Se stands for the productivity of the services in terms of well-being
C= Commodities

Se/C stands for “consumption efficiency”, the productivity of commodities in producing
services

EF= the ecological footprint

C/EF expresses the intensity of commodities in natural resources
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Thus, the three strategies that (Boulanger, 2010) identifies to increase the environmental
sustainability are:

1. Eco-efficiency, which decreases materials end energies in the commodities, thanks to
technological innovations, i.e., the (C/EF) ratio increases by decreasing EF. The main
target is the product.

2. De-commoditization, where the ratio (Se/C) increases by decreasing C (for example,
sharing). The main target is the institutional context, where the consumption takes
place.

3. Sufficiency, which increases the (WB/Se) ratio by decreasing Se, while maintaining or
increasing WB. This amounts to partly disconnecting well-being from services. The
main target is the consumer as a decision-maker. This translates into two attitudes:

a. Striving to get the maximum wellbeing from each unit of material service
consumed. This is a kind of efficiency at a consumption behaviour level as it
comes to optimizing the well-being/consumption ratio at an individual level.
This asks for more reflexivity from the part of the consumer who is, therefore,
driven to become genuinely “sovereign” and really “mindful” of his consuming
practices.

b. Minimizing the role of material services in the definition and production of
wellbeing (cultural dematerialization).

According to (Wuppertal Institut, 2011), the formula to start going towards a sustainable
economy in the rich areas of the world is: “Better, different, less”. Indeed, dematerialisation
alone does not ensure compatibility with nature; and biocompatibility does not avoid the effects
of growth. This is why resource-conserving prosperity stems from the triad of dematerialisation
(efficiency), environmental compatibility (biocoherence) and self-limitation (sufficiency).
The term “sufficiency” has its roots in the Latin word “sufficere”, meaning “to be enough”.
The term sufficiency was used in this sense first by Herman Daly in the context of the debate
on economic growth (1977, in “Steady-state economics: the economics of biophysical
equilibrium and moral growth”). Later, it was introduced to the environmental discourse by
Wolfgang Sachs (Sachs, 1993) in order to describe a complementary strategy to the established
and technology-focused idea of efficiency. Efficiency and consistency, as their main strategies,
are not enough. They have rebound effects, and they keep promoting economic growth. They
are not showing that a drastic reduction of resource demand is achievable with a simultaneously
increasing of national income (Schneidewind et al., 2013). Sufficiency is essentially the
antithesis to the orientation to permanent “higher, further, faster, more”. It instead prioritises
quality of life in work, education, and leisure, as well as the freedom of responsible choice and
the right to self-determination (Potocnik et al., 2018). Sufficiency includes a social dimension,
and it calls for a social protection floor which allows every inhabitant of each country to live a
decent and good life, actively participating in the respective society (Spangenberg & Lorek,
2019), considering that individual action is always embedded in an institutional and societal
context (Schneidewind & Zahrnt, 2014).

Sufficiency principles such as restraint, precautionary, polluter pays, zero, and reverse onus,
have the virtue of partially resurrecting well-established notions like moderation and thrift,
ideas that have never completely disappeared but have only become subordinate to efficiency
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(Princen, 2003). According to (Khosla, 2014), the lowest level of sufficiency is survival and
subsistence. Although there are still societies in the world that remain at this level, most would
prefer to find themselves somewhat beyond. The next, slightly higher, level of sufficiency is
security, where households and communities are able to support themselves with the resources
that are available or that can be created without disrupting the natural processes that provide
them. The level of sufficiency higher than this is when we can generate some surplus from our
activities, so we can improve our lives by saving some of that surplus and making capital
investments, in better living conditions, in efficient tools and in more productive methods —
and of course in the future. And then there is satisfaction. The last level is when a person goes
back to the first level by choice: self-fulfillment.

Sufficiency implies a restructuring of household consumption: being satisfied with less new
material goods than usually consumed today, while enjoying the existing ones, plus immaterial
social and collective goods: the aim is second order decoupling (Schneidewind, 2018), that is,
a clear focus on reducing the volume of the materials and energy resources consumed while
maintaining levels of wellbeing (see Figure 20)(IRP, 2019). The organising of the economy
should improve the well-being of people instead of consumption per capita. This does not imply
that no further economic development or innovation is necessary, merely that it needs
consumption patterns that respect the planetary boundaries (Potocnik et al., 2018). In this sense,
it is pivotal to remember that well-being depends on four typologies of goods, as defined in
economics, based on two attributes. The first attribute is excludability, or whether people can
be prevented from using the good. The second is whether a good is rival in consumption:
whether one person’s use of the good reduces another person’s ability to use it.

1. Private goods: Private goods are excludable and rival. Examples of private goods
include food, clothes, and flowers.

2. Common goods: Common goods are non-excludable and rival. A classic example of a
common good are fish stocks in international waters. No one is excluded from fishing,
but as people withdraw fish without limits being imposed, the stocks for later fishermen
are depleted. Common goods not only belong to everyone, but in order to be benefited
they require a certain convergence of fruition, which can be material or spiritual
depending on the case.

3. Club goods: Club goods are excludable but non-rival. This type of good often requires
a “membership” payment in order to enjoy the benefits of the goods. Non-payers can
be prevented from access to the goods. Cable television is a classic example. It requires
a monthly fee, but is non-rival after the payment.

4. Public goods: Public goods are non-excludable and non-rival. Individuals cannot be
effectively excluded from using them, and use by one individual does not reduce the
good’s availability to others. Examples of public goods include the air we breathe,
public parks, and streetlights.
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Figure 20- Different types of decoupling. Source:(IRP, 2019)

Researchers show that people systematically default to searching for additive transformations,
and consequently overlook subtractive transformations (Adams et al., 2021). Thus, sufficiency
must be promoted and supported by politics. Sufficiency politics aims at reshaping institutional
and social context so as to make it easier to live sufficient lives. Only then will sufficient
lifestyles become more common and contribute to a reduction of environmental and resource
consumption.

Sufficiency and business models

The concept of BM has spread in the 1990s. Since this period, hundreds of papers have been
published to define the term. Generally, BM refers to organisation's value proposition, value
creation and delivery, and value capturing (Geissdoerfer et al., 2018). In a nutshell, BM
indicates the way a firm does business by transforming resources into economic value.
Business model innovation (BMI) is considered on the one side, as the enabler of structural
innovative (product/process) changes, and on the other as the source of firms’ competitive
advantage (Pieroni et al., 2019). When implemented by producers (Figge et al., 2014),
sufficiency strategies can generate BMI. Indeed, the vision of (Dyllick & Hockerts, 2002), who
perceive a sufficiency strategy as primarily reactive, driven by consumer choices and consumer
and societal pressure, is nowadays obsolete (Figure 21 shows the 6 strategies identified by the
authors, including a definition of sufficiency). In contrast, in the study performed by (Bocken
& Short, 2016) ‘sufficiency’, a moderation in resource consumption, is conceived as an
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effective core strategy for sustainable business model innovation, initiated and driven by
companies themselves, rather than merely a reactive strategy to an external influencing factor
on business. They conclude that sufficiency-driven business model innovation is about curbing
consumption as part of the business model by moderating demand through education and
consumer engagement, making products that last and avoiding built-in obsolescence; extending
product lives to slow disposal and replacement, focusing on satisfying ‘needs’ rather than
promoting wants’ and fast fashion, and reducing overall resource consumption through
conscious changes in sales and marketing techniques, new revenue models, and innovative
technology solutions.

Business
case
Eco-efficiency Soclo efficlency
A firm's efficient use Relation between a
of natural resources firm’s economic value
adoed and iis social
impact
Eco-effectiveness Soclo-
Technical effectiveness
effecliveness or a The assessmentof a
complete akernative firm’'s absolute social
to eco-efficiency performance
Natural Sufficiency Ecological  Societal
case individual consumers equity case
making responsible Inlergenerational
cholices, through o inhertance of
consumers natural capital,
collectively both positive and
boycolting harmiul negative
corporate marketing
sraegies

Figure 21- Six strategies for corporate sustainability. Source:(Bocken & Short, 2016)

According to (Heikkurinen et al., 2019), businesses should not be limited to trying to make
consumers to buy better or use their products in a more efficient way (increased quality), but
also to consume less (decreased quantity). An effective business strategy to sustainable change
increases both the quality of production (eco-efficiency) and decreases the amount of
production (eco-sufficiency), as well as influence customers to consume better (extended eco-
efficiency) and less (extended eco sufficiency).

Finally, (Khmara & Kronenberg, 2018) put forward seven criteria which can be used to assess
whether a company follows the degrowth paradigm: the criteria were built by putting together
the references to business and economic activity from the degrowth literature with the concepts
of a sufficiency-driven business model (Bocken & Short, 2016), successful non-growing
companies (Liesen et al., 2015), and “companies that choose to be great instead of big”
(Burlingham, 2016). Clearly, degrowth goes beyond the latter three concepts and in this way
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broadens the discussion on business models for sustainability, in particular in terms of key
objectives of a company, collaborative value creation, and democratic governance.
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CHAPTER 2 — WASTE GENERATION AND WASTE PREVENTION

This chapter focuses first on waste generation, presenting some driving forces and trends, and
proposes a methodology to monitor the waste generated at municipal level, by the different
categories of city users. The methodology, implemented in the Emilia-Romagna region, allows
the policymakers to investigate the causes of waste generation. Secondly, the concept of waste
prevention (WP) is introduced, and the relations with CE and waste recycling are discussed.
Finally, a methodology to assess the impacts of WP activities is proposed. Besides assessing
the sustainability of WP activities, the framework can support the evaluation of success and
the prioritisation of investments in WP. This methodology will be applied to a case study in
chapter 3 (paragraph 3.5.).

2.1.  WASTE GENERATION: INTRODUCTION AND TRENDS

As highlighted by Justin McGuirk, “waste has always been a marginal issue, both literally and
figuratively. It has been dumped in and on the peripheries. It has always been an ‘externality’,
an unavoidable by-product of necessary industrialisation. But it is now an internality — internal
to every ecosystem and every digestive system from marine micro-organisms to humans. If
waste truly were to be a central issue — brought into the heart of every conversation about how
things are extracted, designed and disposed of — it would transform society beyond
recognition”.

Within the European Union, waste is defined in the Waste Framework Directive as an object
the holder discards, intends to discard or is required to discard. Figure 22 illustrates how
materials as transformed by companies and consumers may ultimately become waste. As
shown by (Kaza et al., 2018), waste generation is a natural product of urbanization, economic
development, and population growth, which are the main drivers of waste generation.
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Figure 22- Definition of waste. Source: (European Commission, 2012)

/7

Waste

When waste management is discussed, it is useful to take into account the DPSIR model
(Figure 23), to assess all the aspects. The following paragraph focuses on driving forces of

waste generation.
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Figure 23- DPSIR for waste. Source: (Wilts et al., 2019)

Waste generation: driving forces and trends

In the twenty first century, individuals have different reasons for throwing things out — reasons
that, if not entirely new, operate on an unprecedented scale. More often, people, from both
developed and developing countries, discard goods simply because they do not want them
anymore (Bortoleto, 2014). While in the old days goods informed about social status, today
they signal allegiance to a particular lifestyle (Sachs, 1999). The continuous increase of
technological innovation created a new generation of consumers eager to buy things that will
be obsolete before they hit the market. Gilles Lipovetsky, a French philosopher, wrote: ‘Today,
we feel we have a natural right to new objects. We know nothing but the ethic of consumption’
(Lipovetsky, 2002). This phenomenon promotes a veneration of newness filling the waste bins
with perfectly good things that are simply not new anymore. Household waste is only a part of
this problem once we realise that most of the wastes generated in our society have moved
upstream from households to industry. This has happened simply because the number of people
consuming at high levels has increased since the Industrial Revolution.

As reported in chapter 1, the world population continues to multiply and so does the proportion
adopting hyper-consumption patterns. Needless to say, industrial waste often causes even
worse environmental damage than municipal waste, and the quantities involved are
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considerably greater. Considering the above, Figure 24 shows the increasing trend of the
projected waste generation for 2030 and 2050.

Figure 2.5 Projected Global Waste Generation
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Figure 24- Global waste generation. Source: (Kaza et al., 2018)

Inequality, Consumption and Waste Generation

As shown by (Dinda, 2004), all studies find that environmental problems having direct impact
on human health (such as access to urban sanitation and clean water) tend to improve steadily
with economic growth. On contrary, when environmental problems can be externalized (as in
the case of municipal solid wastes) curve does not even fall at high-income levels. This is
confirmed by the graph in Figure 25.
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Figure 25- Projected waste generation by income group. Source: (Kaza et al., 2018)

As reported by (Islam, 2015), rich countries with higher inequality consume more resources
and generate more waste per person. Figure 26 shows the relationship between income
inequality and per capita generation of municipal waste, respectively. In the figure, income
inequality is measured by the ratio of the income of the top ten per cent of the population to
the income of the bottom ten per cent. Thus, decreasing the economic inequality would
decrease also waste generation.

Figure 5
Inequality and municipal waste generated across countries, 2007
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* As reported in United Nations Development Programme (2009), statistical annex, table M.

Figure 26- Inequality and MW generated by Country. Source: (Islam, 2015),
https://dannydorling.org/books/equalityeffect/material/tables-and-fiqures/figure-4-4.html#previous-photo
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2.2.  MONITORING WASTE GENERATION: THE CASE OF EMILIA-ROMAGNA REGION

When monitoring waste generation per capita of a specific territory (e.g., a Municipality), the
movements of people who enter and leave the territory itself should be considered. The problem
was analysed in collaboration with the Emilia-Romagna territorial agency for the water,
sanitation, and waste services (ATERSIR) and the Emilia-Romagna region, and the results
were presented at the conference 5" MatER Meeting, 6™ International Conference on Final
Sinks (virtual event, June 7""- 9% 2021).

Introduction

The number and density of people who live in a territory are pivotal for monitoring waste
generation and planning waste services. Waste management planning requires reliable data
concerning waste generation, influencing factors on waste generation and forecasts of waste
quantities based on facts (Lebersorger & Beigl, 2011). According to (Loizia et al., 2021), the
characteristics and production of waste provide details to policy makers, how they will monitor,
assess and rescheduled their waste strategies in order to boost, through advertising and
awareness activities (i.e. prevention activities such as smart shopping list, food waste reduction,
changing of books or clothes, used of refiling shopping bag, used of refiling coffee cup etc.),
as well as, motivation measures (i.e. less waste taxes, free parking tickets, tickets for theatre,
discount vouchers etc.) to participate, in their waste management strategy.

Thus, the parameter population equivalent (PE) can be defined for each Municipality, in order
to consider not only the permanent residents, but also the share of people (e.g., tourists,
commuters, university students, etc.) that takes advantages of the urban services (Mirabella et
al., 2019). Over the years, this second group is becoming more and more important, as already
claimed by Martinotti (Martinotti, 1999), who defined four categories of city-users, in reference
to the fourth-generation metropolis: the residents, the commuters, the visitors, who neither live
nor work in the city but come to use its public and private services, and the national and
international businessmen.

Despite the potential value of its applications, a standard method for the calculation of PE does
not exist in the waste sector yet, both at national and international level, while other sectors
like water sector and energy sector (e.g., (Puccio & Bizzarri, 2015)) use similar parameters.
The only example in literature is the analysis performed by (Fernandez & Lazovski, 2020),
who presented an indirect estimation method based on extrapolating the equivalent tourist
population from the monthly variations in the production of solid urban waste. This research
study aims at defining a methodology to monitor waste generation and waste management costs
imputable to the different user categories in each Municipality. The case study of the Emilia-
Romagna region is used to present the methodology, since data on the equivalent inhabitant of
each Municipality were already available.

Methodology
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The "Equivalent Inhabitant” parameter, introduced by art. 4 paragraph 8 of Regional Law
16/2015, is calculated by ATERSIR municipality by municipality, year by year, with the aim
of making the performance of municipalities comparable in terms of urban waste production.

After reviewing the methods applied in other Regions, ATERSIR and the Region defined the
algorithm to be applied. According to ATERSIR®, the final value of equivalent inhabitants for
each Municipality is the sum of five components, as shown in Table 1. The calculation
mechanism is reviewed and adjusted annually, by referring to objective basic data, replicable
and comparable in space and time. Moreover, the model is flexible, so that it can adapt and
represent the different characteristics of the territories. After the process of calculation for all
the Municipalities in the Region, outliers are adjusted within acceptable statistical parameters.
The parameterization of contributions related to non-resident inhabitants, productive activities
and tourism is also carried out on the basis of the territorial context of the municipalities -
divided into 4 homogeneous areas:

Capital towns (in Italian “capoluoghi di Provincia™)

Plain

Mountain

Tourist

In order to give stability to the calculation model, the evaluation is carried out every 3 years.
This method has been already applied to the Municipalities of the Emilia-Romagna region for
6 years (from 2014 to 2019), to assess and objectively compare key economic indicators in the
different Municipalities. Moreover, it has been used in the allocation of specific funds (i.e.,
Regional Fund for the promotion of waste prevention activities).

Table 1- UC in the method for PE calculation applied in the Emilia-Romagna region

User category (UC) | Data sources and calculation methods

Residents Official data by regional statistic service of Emilia-
Romagna Region.

Non-residents Non-residents are calculated by introducing a coefficient

of occupancy, identified for each homogeneous area. This

Household coefficient accounts for the average number of occupants,
users the presence of vacant or temporarily occupied houses.

University students Starting from the number of students per province of
study derived from data by Italian Minister (MIUR), the
number of university students is calculated by using a
presence coefficient, which estimates the number of

15 Resolution of ATERSIR regional board n.16, 7 April 2016. “Servizio Gestione Rifiuti Urbani: Approvazione
del "Regolamento di prima applicazione per l'attivazione e la gestione del Fondo d’Ambito di incentivazione alla
prevenzione e riduzione dei rifiuti", di cui alla L.R. 16/2015. Costituzione del Fondo e disposizioni per il suo
riparto per l'annualita 2016”.
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attending students according to the distance between the
province of study and the province of residence, by area
of origin (region, north, center, south, islands, abroad).

Productive activities | The theoretical waste production is firstly estimated, as a
value between a maximum and a minimum based on a
parameter determined for homogeneous areas. Secondly,
it is imposed that the production of waste per inhabitant
equivalent related to productive activities in each
homogeneous area is equal to the production of waste
resulting from contributions other than productive

activities.
Non-household

users Tourists The estimate of the contribution of tourist flows is derived
from the processing of data on arrivals and presences at
accommodation facilities.

For each municipality, the overall flow of tourists is
calculated as the sum of the days of presence recorded in
the accommaodation facilities and a contribution related to
daily tourism estimated in proportion to the arrivals, using

a parameter for each homogeneous area.

Figure 27 shows the composition of the PE in the Region in 2019. Figure 28 shows a
comparison between the classification of Municipalities in cluster by inhabitants, considering
only the resident inhabitants (on the left) and considering the equivalent inhabitants (on the

right).
Regional composition (2019)
® resident inabitants

2738377
36%

® non-resident
inhabitants

® university students

tourists

m productive activities

174,105
2% 57439
1%

213.004
3%

Figure 27- Regional composition of PE in 2019
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Figure 28- Classification of Municipalities in clusters, by resident and by PE
The analyses

Data gathered for the analysis refers to 2019. For each Municipality of the Region, it
includes:

e Population (resident inhabitants)

e |E (non-residents, University students, productive activities, tourists)

e Urban waste generation (sorted and unsorted)

e Sorted waste generation for specific waste flows: paper and cardboard, plastic, glass,
organic waste, green waste

e Waste from street sweeping

e Urban waste management costs, according to the economic-financial plans (total cost,
cost of street sweeping and cleaning services, cost of collection and transportation for
sorted and unsorted waste)

Results

The indicators “per capita waste production” for total, sorted and unsorted waste, and for
specific waste flows, and “per capita costs” are calculated for each municipality, by considering
both resident and equivalent inhabitants. Then, the average and the standard deviation are
calculated. The standard deviation of the indicators decreases when equivalent population is
taken into account (Figure 29, Figure 30, Figure 31). Moreover, waste quantities (total waste,
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sorted and unsorted waste) are more correlated with PE than with resident population, as well
as the four cost items considered.

Per capita waste production

Kg/inhah
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izg il

urban waste unsorted urban  sorted urban waste
waste

B Kg per resident inhabitant (Average among Municipalities)
Kg per equivalent inhabitant (Average among Municipalities)

Figure 29- Per capita waste production: average value and standard deviation (sorted and unsorted
waste)
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Figure 30- Per capita cost: average value and standard deviation
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Per capita waste production
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Figure 31- Per capita waste production: average value and standard deviation (specific waste flows)

For some waste flows (paper and paperboard, plastic, green waste) the correlation between
waste quantities and resident population is higher than the correlation between the same
waste quantities and PE (Table 2).

Table 2- Overview of the results per waste flow

Kg per resident inhabitant Kg per equivalent inhabitant Variation

Per capita of
production of: | Average (among Standard Average (among Standard | correlation
Municipalities) deviation Municipalities) deviation with inhab

Paper and

paperboard 72 +36 (50%) 43 +20 (46%) ! |
waste

Plastic waste 34 +16 (46%) 21 +8(39%) #
Glass waste 44 +15 (33%) 26 +7 (28%) +
Organic waste 62 +40 (66%) 38 +24 (64%) L]
IR i 106 +83 (79%) 65 48 (74%) ¥
Wast

st;;e;m o 11 +10 (91%) 6 +4 (72%) 1

Then, for each Municipality, data on urban waste generation and on costs have been
proportionally allocated to:
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e resident inhabitants

e non-resident inhabitants and University students
e productive activities

e tourists.

Then, per capita amounts of waste quantities and costs have been calculated for each category
(i.e., resident inhabitants, non-resident inhabitants and University students, productive

activities, tourists), dividing by the number of resident inhabitants.
For each Municipality, the following coefficients were calculated:

__ equivalent inhabitants

resident inhabitants

resident inhab.+tourists

Ti=
t resident inhabitants

Ton= resident inhab.+productive activities
pa= resident inhabitants

Tum= resident inhab.+University students+non resident inhab.
unr=

resident inhabitants

The coefficient t varies between 1,14 and 3,53. Figure 32 shows the distribution of the
coefficient.
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Figure 32- Values of T in the Region

The municipalities have been grouped in clusters.

After testing different ways of clustering, 3 different clusterizations have been used:

» 7 clusters, each including the same number of Municipalities, created by considering

the values of the coefficients
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» 7 clusters, each including the same number of Municipalities, created by considering
the values of the coefficients tpa

» 7 clusters, each including the same number of Municipalities, created by considering
the values of the coefficients tunr

Considering the clusterisation of Municipalities by the coefficient tunr (non-resident and
University students), Figure 33 shows that within the 7" cluster the amount of unsorted waste
per capita is higher than sorted waste per capita. Figure 34 shows that the amount of glass per
capita increases in cluster 7": this can be related to the fact that the collection of glass is well-
known and consolidated among the citizens. On the other hand, sorted collection of organic
waste seems to be less common among non-resident and University students.

University students and non-resident inhab- Cluster by
coefficientt,,,

Figure 33- Households- non-resident and University students: per capita waste generation
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University students and non-resident inhab-
Cluster by coefficientt
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CLUSTER
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- AVE. per capita plastic waste generation- University students and non-resident inhab:
AV, per caplta glass waste generation- University students and non-resident inhab.
Avg. per caplta organic waste generation- University students and non-resident inhab
w—AVE. pEr capita waste from street sweeping- University students and non-resident inhab.,

— Avg. per capita green waste generation- University students and non-resident inhab.

Figure 34- Households- non-resident and University students: per capita generation for specific waste
flows

As far as the clusterisation of Municipalities by the coefficient tpa is concerned, Figure 35
shows that selective waste collection at productive sites causes an increase in sorted waste.
This is more evident if Figure 36 and Figure 37 are compared.
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Per capita sorted waste generation- productive
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Figure 37- Non-households- productive activities: per capita sorted waste generation and tpa

As Figure 38 reports, paper and cardboard, green waste and organic waste are the waste streams
which increase the most within the 7™ cluster.

The analysis of costs points out that the cost for the collection of sorted waste increases more
than the cost for the collection of unsorted waste, within the 7th cluster (Figure 39).

Productive activities- Cluster by coefficientt,,
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- Avg. per capita green waste generation- productive activities

Figure 38- Non-households- productive activities: per capita generation of specific waste flows
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Figure 39- Non-households- productive activities: per capita costs

As far as the clusterisation of Municipalities by the coefficient t: is concerned, Figure 40 shows
that sorted waste increases at a similar rate than unsorted waste, also in those Municipalities
where tourist flows are very relevant (see also Figure 41, Figure 42 and Figure 43).
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Figure 40- Non-households- tourists: per capita waste generation
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Figure 41- Non-households- tourists: per capita waste generation (total waste)
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Figure 42- Non-households- tourists: per capita waste generation (unsorted waste)
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Figure 43- Non-households- tourists: per capita waste generation (sorted waste)
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Conclusions

The analysis of indicators by user category is pivotal to understand the different contributions
to waste generation (i.e., glass for university students/non-resident inhabitants) and waste
management costs. Indeed, monitoring the waste generated by the different categories of
inhabitants can help policymakers to be more effective. The "Equivalent Inhabitant” parameter
makes comparable the performance of different Municipalities. A specific study and analysis
of the main flows of people and their impacts in terms of waste generation is necessary to
define the parameter.

2.3. INTRODUCTION TO WASTE PREVENTION
Waste prevention: definition, actors, and main characteristics

At the Berlin meeting in 1996, the OECD defined WP as one of the measures for waste
minimisation, which includes preventive measures, as well as some other kinds of waste
management measures (Figure 44). Prevention is one of the three elements of preventive
measures (later renamed °‘strict avoidance’) together with reduction at source and re-use of
products. Waste minimisation excluded energy recovery. Waste minimisation also includes
the waste management measures ‘quality improvements’ (such as reducing the hazardous
substances), which was not seen as a preventive measure (EEA, 2002).

Preventive Measures Waste Management Measures
Prevention | Reduction |Re-use of | Quality Recycling Energy Pre-
at source | products improvements recovery treatment

Waste Minimisation

Figure 44- Waste prevention and minimization in 1996, OECD. Source: (Arcadis et al., 2010)

The definition has evolved: accoding to (OECD, 2000), WP is still part of the broader concept
of waste minimisation (Figure 45). The initial definition of WP in the reference manual on
strategic waste prevention (OECD, 2000) is:

“Waste prevention aims at reducing both the quantity and the hazardous character of wastes.
OECD countries achieved consensus understanding that waste prevention can be broken down
into three types of actions: (a) Strict avoidance, (b) Reduction at source and (c) Product re-
use:

(a) Strict Avoidance involves the complete prevention of waste generation by virtual
elimination of hazardous substances or by reducing material or energy intensity in production,
consumption, and distribution.

(b) Reduction at source involves minimising use of ‘toxic or harmful’ substances (since 2002
‘hazardous’ substances) and/or minimising material or energy consumption.
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(c) Product re-use involves the multiple use of a product in its original form, for its original
purpose or for an alternative, with or without reconditioning.”

Products/Materials Waste

| | | |
Strict Reduction at Product

. ) Recycling Incinerationg..-{-.pIncineration* Landfilling
Avoidance Source Re-use

——— Waste Prevention

Waste Minimization Waste Disposal

PR Priority of actions

Figure 45- Waste prevention and waste minimization in 2000, OECD. Source: (Arcadis et al., 2010)

Nowadays, the definition of waste prevention as included in the Waste Framework Directive
(European Directive 2008/98, as modified by European Directive 851/2018) remains the most
important touchstone for the description of WP, not only because it exists and it is legally
embedded, but also because it focuses all major essential aspects of scoping WP:

“Measures taken before a substance, material or product has become waste, that reduce:

(a) the quantity of waste, including through the re-use of products or the extension of the life
span of products;

(b) the adverse impacts of the generated waste on the environment and human health; or

(c) the content of harmful substances in materials and products”

The European Commission guidance document “Praparing a Waste Prevention Programme’
(European Commission, 2012) distinguishes between:

* Preventing waste by limiting unnecessary consumption and by designing and
consuming products that generate less waste (strict avoidance of waste)

- Preventing waste once a product reaches its end-of-life: rather than discarding the
product, the final user should consider re-use, repair or refurbishment as options.
Extending a product’s lifetime or considering options like reuse are forms of prevention
though diversion of waste flows
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- Reducing the hazardous content of waste and limiting human and environmental
exposure to hazardous materials (qualitative waste prevention).

According to (Abeliotis et al., 2013), WP includes a variety of different actions, such as: i)
reducing or even eliminating the consumption and therefore the production of certain goods;
ii) substitution of products by others; iii) extending the utilization phase for items. A similar
approach is proposed by (Hutner et al., 2017) (Figure 46).

t P

Wastle prevention

" ™ .

S

LB
Bunsnpemonuny

Baylswary ‘Susrey)

Figure 46- Waste prevention: definition and types. Source: (Hutner et al., 2017)

Thus, according to (Boulanger, 2010) “path towards dematerialized and detoxified goods and
services can be summarized by 4Rs; significant benefits in Reducing, Reusing, Recycling and
Repairing will not result from changes at the production level only, but from inescapable
changes in consumption practices and institutions”.

The definitions reported above suggest that WP strategies are in line with the principles of
sufficiency. According to (Stahel, 2013), “In the past, reuse and service-life extension were
often strategies in situations of scarcity or poverty... Today, they are signs of good resource
husbandry and smart management.”

Many WP initiatives are created from below at a grassroots level, unlike traditional waste
management with major technical waste systems that are initiated from the top by authorities
or companies (Corvellec et al., 2018). For example, reuse centers are often managed by social
movements (Degli Esposti et al., 2021). Many of these initiatives have not only converted waste
into valuable resources, but have also created what Elinor Ostrom called “commons”. Free
shops as well as clothing libraries are usually open to all and are not limited by the customer’s
purchasing power (Corvellec et al., 2018).
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Waste prevention as a policy response: strategic waste prevention

WP takes a very specific place within the DPSIR-model: prevention is a policy response
interacting with mainly driving forces and pressures, and in case of harm prevention also with
state and impact (Arcadis et al., 2010).

Strategic Waste Prevention is defined as “a long-term policy concept that concretely situates
waste prevention within a longer-term resource management and sustainable development
perspective. Strategic Waste Prevention works toward the reduction of absolute waste
amounts, hazards, and risks, and it is characterised by at least four aspects (...):

1. alife-cycle perspective,

2. amaterial-differentiated approach,

3. integration of social and economic aspects into environmental policy discussions, and

4. facilitating cooperation across traditional institutional structures for overall policy
synergy” (OECD, 2000).

A life cycle perspective

As highlighted by (Corvellec et al., 2018), waste occurs in every step of a product or a service’s
life cycle: from design, to resource extraction, production, consumption, and finally waste
management. It means that WP also needs to take place in each of these steps (Figure 47). WP
should not be classified as a waste issue, because WP concerns the building of value chains,
which consist of material, energy, and waste. WP is not about waste. Working with WP begins
with illuminating all the waste that a product or a service gives rise to. WP needs actions both
at the production and the consumption level.
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Figure 47- Waste prevention in a life-cycle perspective. Source: (European Commission, 2012)

A material-differentiated approach

It should be considered that prevention can be realised using legal provisions, voluntary
agreements, economic instruments and incentives, communication, and suasion, leading to
strategic decisions or technical measures. Different tools can fit with different waste streams

(Figure 48 shows a relevant example, from the Basel Convention).

PREVINTION TOOLS FOR DIFFERENT WASTE STRLAMNY

WEATL ATRATIAMY WALTE ATRLAMY

s

Poges gad
L4 gt

Figure 48- Prevention tools for different waste streams. Source: (MIW & IMPEL, 2019)
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Integration of social and economic aspects into environmental policy discussions

Considering the increasing demand for broader sustainability assessments, where the
environment, society and the economy are integrated (Hellweg & Mila i Canals, 2014), it might
be stated that the impacts of WP have to be assessed by including also economic and social
domains, given that a partial approach often delivers misleading messages for policy- and
decision makers. Moreover, this conforms with Article 4 of the Waste Framework Directive
(Directive 2008/98/EC) which establishes “economic viability” and “economic and social
impacts” as decisive criteria for the implementation of the waste hierarchy. The analysis can
be further extended to include links between economic, social, health and environmental issues.

Cooperation across traditional institutional structures for overall policy synergy

Our understanding of environmental challenges evolves. Consistently, the policy approaches
should evolve (Table 3). Thus, policymaking should be based on a systemic approach, given
that WP results from an interaction between waste policy and other policy areas. As European
Commission writes, “WP is a cross-cutting area of policymaking and has direct relevance to
a considerable number of already established policy areas, both in the field of the environment
as well as specific primarily non-environmental areas, which have good potential to decrease
the amount and/or the adverse impacts of generated waste, both at EU and Member State
levels.” (European Commission, 2012)

Table 3- From specific to systemic perspective. Source: EEA.

Characterisation of Key features In the spotlight in Policy approaches
key challenges (examples)
Specific e o linear cause-effect 1970s / 1980s targeted policies and
large(point) sources (continuing today) single-issue
o (o]
often local instruments
Diffuse cumulative causes 1980s / 1990s policy integration and

Systemic

multiple sources
often regional

systemic causes
interlinked sources
often global

(continuing today)

1990s / 2000s

(continuing today)

raising public
awareness

policy coherence and

systemic approaches

(a green economy?)
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Waste prevention and recycling

As said by Flore Berlingen during the Zero Waste Europe Webinar on March 16" 20216, when
recycling is used as an alibi, a sales argument, a justification a justification a smoke screen, it
tends to perpetuate overconsumption instead of tackling it. Prevention can instead tackle it.
Prevention is the best option from an environmental point of view: the potential for CO>
emissions savings is much greater when waste is prevented rather than recycled (Hoog &
Ballinger, 2015). Recycling requires additional energy and resources, even if it leads
automatically to prevention of extraction materials and extraction waste. However, at European
levels, Member States (MSs) are obliged to reach quantitative targets in recycling and recovery.
The absence of an EU-wide defined target on quantitative WP may have the effect that
recycling is prioritised over prevention in the practical implementation in the MSs (Wilts, 2012;
Wilts et al., 2016; Zacho & Mosgaard, 2016). Sometimes the existence of a functional recycling
system even diminishes motivation to prevent waste (Hutner et al., 2017; Wilts et al., 2013;
Zorpas et al., 2015).

As far as the behaviour of citizens is concerned, the determinants of recycling behaviour are
very different from those of waste prevention (Corsini et al., 2018). Moreover, as stated by
(Dupré, 2018), for 30 years, public policies have focused on waste sorting communication.
More recently, communication has targeted citizens to promote waste prevention. Waste
sorting is a clear concept among the public, but waste prevention is not as clear and is confused
with waste sorting. Creating a shared societal vision of waste prevention therefore appears as
a sensible path to reduce waste. This could come under culture management, confirming the
role of culture as a pillar of sustainable development.

Circular economy and waste prevention

Many definitions of CE have been proposed in the past years. According to Ellen MacArthur
Foundation, “circular economy is an industrial system that is restorative or regenerative by
intention and design. It replaces the ‘end-of-life’ concept with restoration, shifts towards the
use of renewable energy, eliminates the use of toxic chemicals, which impair reuse, and aims
for the elimination of waste through the superior design of materials, products, systems, and,
within this, business models.” Furthermore, “a circular economy is restorative and
regenerative by design, and aims to keep products, components, and materials at their highest
utility and value at all times. The concept distinguishes between technical and biological
cycles. As envisioned by the originators, a circular economy is a continuous positive
development cycle that preserves and enhances natural capital, optimises resource yields, and
minimises system risks by managing finite stocks and renewable flows. It works effectively at
every scale.” According to the World Economic Forum?’, “the circular economy is a redesign
of this future, where industrial systems are restorative and regenerative by intention and

16 https://zerowastecities.eu/wp-content/uploads/2021/03/202103 live-Webinar Flore Is-recycling-enough.pdf
7 https://www.weforum.org/about/circular-economy-videos
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design. At the same time, its potential for innovation, job creation and economic development
is huge: estimates indicate a trillion-dollar opportunity.”

(Kirchherr et al., 2017) analysed 114 definitions of CE in literature and proposed the following
one: “CE is an economic system that replaces the ‘end-of-life’ concept with reducing,
alternatively reusing, recycling, and recovering materials in production/distribution and
consumption processes. It operates at the micro level (products, companies, consumers), meso
level (eco-industrial parks) and macro level (city, region, nation and beyond), with the aim to
accomplish sustainable development, thus simultaneously creating environmental quality,
economic prosperity, and social equity, to the benefit of current and future generations. It is
enabled by novel business models and responsible consumers.”

This conceptual framework deal with both environmental and social issues related to resource
use. According to (Bocken et al., 2016), there are three strategies which can be implemented
to achieve CE:

1. Slowing resource loops: Through the design of long-life goods and product-life
extension (i.e., service loops to extend a product’s life, for instance through repair,
remanufacturing), the utilization period of products is extended and/or intensified,
resulting in a slowdown of the flow of resources.

2. Closing resource loops: Through recycling, the loop between post-use and production
is closed, resulting in a circular flow of resources.

3. Resource efficiency or narrowing resource flows, aimed at using fewer resources per
product.

The concept of the ‘circular economy’ can lead to greater resource consumption if total final
consumption of products and services is not mitigated (Allwood, 2014; EEA, 2021). As stated
by the EEA, the efforts and activities aiming for a transition to the CE primarily focus on waste
management — particularly recycling— and creating markets for secondary materials rather than
on waste prevention (EEA, 2016). CE focuses on consistency and efficiency, while sufficiency-
oriented strategies are often neglected, and it can become an excuse for disposable products,
leading people to think that recycling is the only solution for environmental issues, while
neglecting the urgency of reducing material consumption, through more radical solutions.
Indeed, the original idea of replacing “production with sufficiency” (Stahel, 2016) is often
neglected, as well as the idea of circular society, characterized by a re-valuation of human labor
and an enhanced role and conditions for productive work, service provision and do-it-yourself
activities (Jaeger-Erben et al., 2021). Thus, shifting to a CE on the supply side needs to be
matched by adopting the principle of sufficiency (Potocnik et al., 2018). Current efforts that
have mainly focused on efficiency and optimisation to reduce the negative impact of society’s
use of natural resources have been shown to be insufficient. In order to remain within the
planetary boundaries, a more fundamental shift is needed: to an economy where prosperity is
no longer based on natural resource consumption. This is possible if efficiency through a CE
is complemented by the principles of sufficiency and a shift to renewable resources
(SYSTEMIQ & The Club of Rome, 2020).

Furthermore, as already reported by (Doranova et al., 2014), while the CE proposes a model to
transform resource flows within society, it must be accompanied by efforts to prevent waste,
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promote sufficiency and decouple the concepts of well-being and life satisfaction from
materialism in order to reach the vision set out by the European Commission of a smart,
sustainable, and inclusive economy. Indeed, a 100% efficiency in recycling is impossible. To
recycle, resources are needed, and some materials are dispersed across the recycling chain.
According to (EEA, 2021), the low potential for circularity is because a very large share of
primary material throughput is composed of (1) energy carriers (22%), which are degraded
through use as explained by the laws of thermodynamics and cannot be recycled, and (2)
construction materials (46%), which are added to the building stock, which is recycled over
much longer periods. Biomass (27%) is largely transformed into waste through digestion (for
food and feed) and often rendered not suitable for recycling. ¥ of metals are recovered, but
they amount to just 5% of the total throughput.

Moreover, (Webster & Fromberg, 2020) describe how to reach an effective, cross-scale CE.
They claim that, using characteristics inherent in all complex adaptive systems, it is possible
to look at the notion of effective systems as a necessary interplay between efficiency (structure
and flow emphasis) and resilience (network and exchange emphasis). Policy is currently
overwhelmingly orientated toward improving efficiency and is focused on economies of scale.
A rebalancing act is needed towards economies of scope (or diversity). New policy is needed
which addresses the perceived lack of appropriate system conditions to improve the vitality of
the resilience emphasis. Waste prevention activities are largely convergent with the trend
towards resilient distributed systems. Distributed systems are more resilient than centralized
ones: indeed, they have emerged in information systems, energy systems and production and
consumption systems. However, as highlighted by (Manzini, 2014), distributed systems cannot
be implemented, nor can resilient system be realised, without social innovation.

2.4, ASSESSMENT OF WASTE PREVENTION ACTIVITIES AND LCA

In recent years, literature has discussed the inclusion of waste prevention activities in life-cycle
assessment (LCA) studies. Traditional LCA studies of waste management generally begin after
waste generation as a system boundary. LCA models of waste management typically calculate
the environmental burdens on a waste mass basis. This is the most straightforward option to
choose the functional unit. However, it makes this approach inadequate for the comparison of
scenarios including waste prevention strategies, given that the amount of waste produced varies
among them (Ekvall et al., 2007). Cleary proposed a conceptual model termed Waste
Management and Prevention (WasteMAP) LCA. This approach included the production phase
of only the products affected by waste prevention activities within the system boundary
(Cleary, 2010). The alternative is to treat the reduced amount of municipal solid waste (MSW)
compared with the base scenario as virtual waste that needed no treatment and therefore caused
no environmental burden (Gentil et al., 2011).
According to (Cobo et al., 2018), proper methodological approach to deal with waste
prevention activities from a life cycle perspective should define:

) A functional unit that accounts for the amount of waste prevented.

i) System boundaries that include the upstream processes involved in waste

generation.
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Another issue that must be considered when waste prevention activities are being accounted
for is the allocation procedure of the environmental impacts among the products or services
delivered by the integrated waste management system (IWMS). Applying the direct
substitution approach in order to avoid allocation among several products is not recommended,
given that negative results might be obtained, leading to the erroneous conclusion that a greater
amount of waste leads to less environmental impacts (Giugliano et al., 2011).

(Cleary, 2010) recommends an attributional approach with system expansion to account for the
upstream processes associated with waste production, arguing that a consequential approach
does not consider waste prevention as a waste management strategy functionally equivalent to
the others in the waste management hierarchy, since no environmental burdens are attributed
to waste prevention activities; that is to say, it simply quantifies the consequences of reducing
the waste inputs in the system. Only (Gentil et al., 2011) claim to apply a consequential LCA
model. These authors expand the system boundaries to the upstream processes related to the
waste generation processes, although they acknowledge that the cascading effects of waste
prevention should have been further assessed.

(Nessi et al., 2013) reviewed and summarised the two approaches. All of the above mentioned
studies define the functional unit as the sum of the waste managed through conventional
methods and the amount of waste prevented, although nuances in the applied approach can be
found among the studies. Analysing prevention activities, they could be classified by typology.
Table 4 lists four typology of waste prevention activities, focusing on the presence of
prospective substitutive good or packaging generated as additional waste to be managed.

Table 4- Typologies of waste prevention activities (adapted from (Nessi et al., 2013))

Typology of waste Waste prevention activities Substitutive Increase of
prevention good or Impacts in
activities packaging the usage
generated as phase
additional
MSW to be
managed
Reductlon_ in the 1. Reducing the consumption of goods No No
consumption f)f by citizens (without reducing the
goods or services consumption of the service originally
provided by those goods)
2. Reducing the wastage of goods No No
(unnecessary to the consumer)
Development Yes No

3. Reducing the amount of materials
used for the manufacturing or
packaging of a good through its more
efficient design (without reducing its
performance, e.g. the amount of

and/or use of less-
waste-generating
goods or services
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to provide a given | packaged product damaged or lost is not
function increased)

4. Use of an unpacked good instead of a es No

packed one

5. Development and/or use of a reusable Yes Yes

good or of a good provided in a reusable
packaging instead of a disposable good
or of a good provided in a disposable
packaging

6. Use of a digital good instead of a No No

disposable one

Reuse of goods No Yes

7. Direct reuse of disposable goods or
packaging by the owner (private
citizens or organisations) in substitution
of disposable or durable goods or
packaging

8. Reuse of durable goods through No es

second-hand selling and purchasing,
donation and exchange

Extension of the No Yes
lifespan of durable

goods.

9. Extension of the lifespan of existing
durable goods by citizens or repair
centres

10. Extension of the useful life of | Y€ Yes

durable goods by producers

Regarding the environmental consequences of waste prevention activities, in the case of a
simple reduction in the consumption of a given good or service, the environmental impacts
associated with its whole life cycle are generally avoided (Nessi et al., 2013). When a
replacement with a less waste-generating equivalent good or service takes place, additional
impacts associated with the whole life cycle of such a less waste-generating good or service
are instead also involved. A substitutive good is not generated only if the product is replaced
by a digital one. Finally, reuse and lifespan extension of existing goods generate environmental
impacts by increasing their use phase, while avoiding the impacts from producing, using and
disposing of one or more equivalent new good(s) (JRC, 2011). The lifespan extension of
existing or new durable goods entails a substitutive good if producers are involved. The paper
“A framework for sustainability assessment and prioritisation of urban waste prevention
measures” (Magrini, Degli Esposti, et al., 2021), published in the journal “Science of the Total
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Environment” propose a framework for the sustainability assessment, the evaluation of success,
and the prioritisation of waste prevention measures (WPMs) at the consumption level. The
environmental, economic, and social consequences are assessed.

Introduction

Monitoring systems of performances of waste prevention activities are difficult to implement
(Gentil et al., 2011; Sharp et al., 2010). This can be an additional barrier to the implementation
of waste prevention policies. Monitoring is one of the main tools to build strategic plans for
effective waste prevention initiatives (Zorpas & Lasaridi, 2013). Waste prevention is difficult
to be measured, as it can only be measured indirectly as the amount of waste that would have
been generated if no prevention measures had been taken (Bartl, 2014; Sharp et al., 2010). So
far, there is not a general method to monitor and evaluate the effects of WPMs (Yano & Sakali,
2016; Zacho & Mosgaard, 2016): this implies that developing a system of incentives related to
the quantity of waste prevented is still challenging. only a few studies have focused on waste
prevention systems (Hutner et al., 2018; Laurent et al., 2014). The success of a WP action
cannot be assessed with an analysis of the evolution of waste, since waste generation depends
on many factors whose effect is difficult to assess. Therefore, a completely different approach
has to be led, focusing on the actual action (Bel, 2010; Hutner et al., 2018). As concluded by
(Hutner et al., 2018), activity-based measurement is an adequate approach for measuring
reduction of waste generated and the related environmental effects of waste prevention
activities.

As highlighted by (Corvellec et al., 2018), waste prevention initiatives are often difficult to
make commercially sustainable on a large scale, permanent, and geographically dispersed to
other cities, regionally or nationally — even if there are successful examples. Reasons for this
could be that they are initiated with the help of external financing, because of various local
conditions, or that they are based on the voluntary involvement of committed citizens. In
addition, the initiatives focus primarily on the fact that it is the individual who shall change
their behaviour — rather than the organisations being the ones to change.

Within this study, firstly, relevant project categories are selected, by verifying the fulfilment of
specific conditions. Adopting a life-cycle perspective, the environmental, economic, and social
consequences of WPMs within the selected categories are assessed. Then, a set of indicators
for the evaluation of effectiveness and efficiency of the projects is defined, as well as an
algorithm to support the identification of a priority order for the project categories. The analysis
and discussion of results gives a valuable contribution to the formulation and promotion of WP
strategies, at different geographical levels.

Methodology

The study started with a literature review on Scopus of recent scientific articles about indicators
to assess sustainability of waste prevention activities (“waste prevention” and “sustainability”
and “indicator”, in title, abstract or keywords, including articles, conference papers, book
chapters or reviews). The results are 13, but only 3 are of interest (Table 5). The analysis was
performed last time on 16™ November 2020. The table below shows the results. Results of a
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literature review show that only one study has assessed waste prevention activities according
to the so-called three pillars of sustainability: (Bergstrom et al., 2020) applied Environmental
Life-Cycle Assessment, Life-Cycle Costing and Social Life-Cycle Assessment to some food
waste prevention activities. No studies exist about the sustainability assessment of prevention
activities aiming at the reduction of other waste streams. Moreover, the study by (Bergstrom et
al., 2020) does not provide the readers with indicators assessing the success of WPMs analysed.

Table 5- Results from the literature review

Authors Title Source Year
Del Borghi A., Gallo M., | A survey of life cycle approaches in | International Journal of Life|2009
Del Borghi M. waste management Cycle Assessment
Charlebois S., Creedy | “Back of house” — focused study on | International ~ Journal ~ of | 2015
A., von Massow M. food waste in fine dining: The case | Culture, Tourism, and
of Delish restaurants Hospitality Research
Derqui B., Fernandez V. | The opportunity of tracking food | Waste Management 2017
waste in school canteens: Guidelines
for self-assessment
Meramo-Hurtado  S.I., | Synthesis and Sustainability | ACS Omega 2020
Sanchez-Tuiran E., | Evaluation of a Lignocellulosic
Ponce-Ortega J.M., El-|Multifeedstock Biorefinery
Halwagi M.M., Ojeda- | Considering Technical Performance
Delgado K.A. Indicators
Fernandez-Brafia A. |Are municipal waste utilities | Environmental Science and |2019
Sousa V., Dias-Ferreira|becoming sustainable? A | Pollution Research
C. framework  to  assess  and
communicate progress
Cogut G., Webster N.J., | Links between sustainability-related | International ~ Journal ~ of [ 2019
Marans R.W., |awareness and behavior: The|Sustainability in  Higher
Callewaert J. moderating role of engagement Education
Rapsikeviciené J.,|Model of industrial textile waste | Environmental Research, | 2019
Gurauskien¢é 1., Juciené | management Engineering and Management
A.
Bergstrom P., Malefors | Sustainability assessment of food | Resources 2020
C., Strid 1., Hanssen O.J., | redistribution initiatives in Sweden
Eriksson M.
Stasiskiene Z.,| Assessing the Sustainability of the | Journal of Industrial Ecology |2011
Gaiziuniene J.,| Lithuanian ~ Hazardous = Waste
Zidoniene S. Management System
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Alcay A., Montafiés A., | Waste generation in Spain. Do |Waste Management 2020
Simoén-Fernandez M.-B. | Spanish regions exhibit a similar
behavior?
Moreira R.M., Malheiros | Assessing Sustainability Culture at|World Sustainability Series 2018
T.F., Marans R.W., |the University of Sdo Paulo—Séao
Webster N.J., Hupp A.L. | Carlos
Kirchner G. Non-ferrous metals recycling in|Proceedings -  European|2007
Europe - Present status and future | Metallurgical Conference,
developments EMC
Abreua, M.F., Alves, | Simultaneous measure of | ECOS 2020 - Proceedings of | 2020
A.C., Moreira, F. companies' performance | the 33rd International
effectiveness and sustainability: A|Conference on Efficiency,
BOPSE indicator Cost, Optimization,
Simulation and Environmental
Impact of Energy Systems
Results

Figure 49 depicts a graphical representation of the stages of the designed framework.

1. Selection of waste prevention project categories and verification of representativeness of selected
projects considering the material/waste prevented, the availability of reliable estimation of avoided
waste, replicability of projects and potential impacts on the improvement of consumption habits,

2. Environmental and economic impact assessment of each project.

3. Social impact assessment of each project category.

project categories.

4. Selection of the efficiency and effectiveness indicators of each project category and comparison of

5. Normalisation of the results and algorithm application.
6. Definition of priority order for future projects.

Figure 49- Graphical representation of the stages of the proposed framework
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First stage: Selection of the project categories and verification of representativeness of the
selected projects

The first stage of the designed framework aims at the selection of project categories to be
considered and of representative projects within each of them. Selection criteria ensure the
reliability of the analysis and the comparability among the selected project categories. This
framework was designed to analyse and compare only projects which prevent the same waste
materials. Besides that, other selection criteria are the availability of reliable estimation of
avoided waste imputable to projects, the replicability of projects within the territory, and their
potential impacts on the improvement of consumption habits. After the selection of project
categories, the representativeness of projects within each category must be verified.

Second stage: Impact assessment methodology and system boundary

The second stage of the framework aims to assess the environmental and economic impacts of
each project.

Environmental benefits of waste prevention activities may not be simply considered as
proportional to the amount of waste prevented (Nessi et al., 2013). The assessment of
environmental impacts of WPMs is complex, as it requires determining the environmental
impact of: i) the avoided production of the material that becomes waste; ii) the avoided or
additional upstream life-cycle stages that are affected by the prevention measure; iii) the
avoided WM (JRC, 2011).

Third stage: Social impact assessment methodology

The third stage of the framework aims at assessing the social impacts of WPMs.

Fourth stage: Waste prevention observation, identification, and selection of indicators

Waste prevention observation consists in setting up indicators describing and monitoring the
resources allocated to the action or policy, the results of this action or policy, and to assess its
efficiency regarding sustainable development (Bel, 2010).

In the fourth stage of the framework, impact-oriented and result-oriented indicators are
assessed with the aim to monitor both effectiveness and efficiency of the selected project
categories in a life-cycle perspective. Facing the huge number of possible prevention measures
that theoretically could be taken by the public sector, and, taking into account limited financial
resources and also organizational capacities, indicators allow comparison of the effectiveness
of different measures, and thus to select and prioritise (Wilts, 2012).

Fifth and sixth stages: Normalisation and definition of the priority order

After the calculation of the indicators, the results have been normalized. As final result, a
priority order for the analysed project categories is extrapolated.
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Discussion

Starting from the results of the environmental, economic, and social assessment, the proposed
algorithm for the prioritisation allows the decision-maker to objectively evaluate the project
categories, thanks to the use of effectiveness and efficiency indicators.

The use of a life-cycle approach might allow designers to identify any critical points of a WPM,
possible improvements, and the way a WPM can be best designed and implemented in a
particular geographical context to achieve the expected benefits (Magrini et al., 2020; Nessi et
al., 2014).

Monitoring prevention and reuse activities is crucial for policy and decision-makers. To
effectively promote WP, its potential integration with other policy areas should be considered.
Thus, institutional mechanisms can help in linking efforts to promote sustainability in various
issue areas, thus representing one crucial element of an integrated approach to sustainable
development (Spangenberg et al., 2002).

Hence, policies must have a systemic perspective, including considerations on life-cycle
perspective, production systems and raw material in use, consumer behaviour, direct and
indirect environmental impacts as well as economic and social ones, trade-offs between
environmental, economic, and social sustainability. In this sense, the use of indicators can
facilitate cooperation across traditional institutional structures.

Conclusions

In this research, waste prevention is investigated within the framework of sustainability, in
accordance with the SDG 12 of UN Agenda 2030, by focusing on WPMs promoting sustainable
consumption.

In compliance with the definition of strategic waste prevention, a framework for the assessment
of WPMs is proposed, to evaluate their success and support the financing choices of decision-
makers. The designed framework evaluates impacts, effectiveness, and efficiency of some
selected WPMs. In the present study environmental considerations are complemented by an
evaluation of economic and social impacts. LCA and Life-Cycle Costing (LCC) methodologies
have been applied, limiting the explored system to the phases of consumption and WM.

This study has the ambition to give a contribution in waste prevention field. Literature
highlighted the need of developing reliable methods to monitor, measure and evaluate benefits
of waste prevention, as means to overcome potential barriers to the spread and to the success
of WPMs. Moreover, monitoring the effects of waste prevention is a mean to integrate the
evaluation into environmental policy strategy, thereby mainstreaming sustainability into
policymaking.

The study confirms that institutional mechanisms, such as action and economic leverage, are
fundamental for channelling the behaviour of individuals and the actions implemented by
organisations towards WP, contributing to the evolution of societies towards sustainable
development.
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CHAPTER 3 - WASTE PREVENTION: THE PERSPECTIVE OF POLICY
MAKERS

3.1.  INTRODUCTION

After the general introduction to waste prevention in the previous chapter, this chapter
discusses waste prevention from the perspective of policymakers.

The conceptual dissonance between preventing waste and managing waste once it exists
suggest that waste prevention requires an entirely separate range of activities from waste
management (Zacho & Mosgaard, 2016). As already highlighted in chapter 2, prevention
requires different decisions and different policy measures from recycling or recovery (Arcadis
et al., 2010). Its philosophy is completely different, since it really tackles the causes of waste
generation (Bartl, 2014). Despite these completely different objectives, targets, measures, and
responsibilities of WP are often regulated as part of WM legislations (Wilts & Quicker, 2020).
Moreover, waste prevention is a long-term process (EEA, 2002), which requires modifying the
behaviours of households, producers and other participants in the economy (Salhofer et al.,
2008). Both the consumer and the producer, or supply and demand, need incentives to produce
less waste and, ideally, the incentives would come from each other. However, the supply chain
is more complex than this and involves many players who are both consumers and producers.
So, incentives do not happen naturally and may need a third party to introduce them®8. Within
the DPSIR model, prevention measures, which are deliberate policy interventions, are always
response actions. They can be classified as:

» Prevention actions R influencing the driving forces D: sustainable consumption
patterns, instruments interacting on the market mechanisms, green public procurement

» Prevention actions R influencing the pressure P: sustainable production methods,
dematerialisation, resource use, avoiding emissions through reuse, ecodesign,
qualitative prevention

e +Prevention actions R do not actually influence state S, unlike other waste management
methods like waste collection or the clean-up of fly tipping or dumpsites. However,
prevention activities on driving force and pressure aim to change the state or the amount
of waste to be managed.

e Qualitative prevention actions R without impact on the quantity of the waste generated
can be considered as influencing the impact I of the generated waste.

» Even when prevention actions R do not directly tackle state S or impact I, they can take
them into account: awareness raising, generating sense-of-urgency (Arcadis et al.,
2010).

18, European Commission (2011) Plastic Waste: Ecological and Human Health Impacts, Science for
Environment Policy, In-depth Reports. Available at:
https://ec.europa.eu/environment/integration/research/newsalert/pdf/IR1_en.pdf
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This chapter aims to analyse the instruments which can be considered by policy-makers at
different level to promote WP. Table 6 summarises the instruments and the publications
referred to each geographical level. Different governance levels are presented: after the analysis
of international and European environmental policies, waste prevention at Country level is
analysed, by focusing on the role of waste prevention programmes and some market-based
instruments for the promotion of MSW prevention, in 6 European Countries. MSW is defined
as the waste collected by or on behalf of municipal authorities and disposed of through the
waste management system. It consists to a large extent of waste generated by households,
though similar wastes from sources such as commerce, offices and public institutions may be
included (Eurostat, 2017).

Then, the regional level is considered: the case of the Emilia-Romagna Region (ltaly) is
described. Starting from the analysis of the regional and national policies on waste prevention,
the regional waste management plan, which includes the waste prevention programme, is
described. The role of the centralisation of planning and economic regulation of the waste
services for the promotion of urban waste prevention is discussed. Indeed, the evolution of
urban waste production over the period 2008-2018 is analysed, with the aim to infer the effect
of an internal reform: in 2011, the Emilia-Romagna Region started to strengthen its role in the
planning and regulation of urban waste management services. The effect of this reform on the
system of data collection is also discussed.

Finally, when it comes to the regional and municipal level, some prevention activities
implemented by Municipalities in the Emilia-Romagna region are assessed, by applying the
framework presented in the paragraph 2.4.. The framework can be used by the Region to
prioritise the investments. On the other hand, the results from its application might be useful
for Municipalities, for an ex-ante assessment of the environmental, economic and social
benefits related to specific WPMs.

Table 6- Instruments for WP promotion at different geographical levels
Geographical level Scope Instruments for | Related publications
WP promotion
International and Municipal Policy framework
European level solid waste,
(paragraph 3.2.) packaging
waste
Country level Municipal Prevention Magrini C.; D'Addato F.;
(paragraph 3.3.) solid waste programmes Bonoli A., Municipal solid
waste prevention: A review of
MBIs (EPR, market-based instruments in
PAYT, DRS, six European Union countries,
Environmental «Waste Management &
taxes) Research», 2020, 38,
https://doi.org/10.1177/073424
2X19894622
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https://doi.org/10.1177%2F0734242X19894622

Regional
(paragraph 3.4.)

Municipal
solid waste

Centralisation of
planning and
economic
regulation,
monitoring of the
performances of
waste
management
system (WMS),
definition of
targets

Magrini, C., Biagini, G.,
Bellaera, F., Palumbo, L.,
Bonoli, A., Evolution of the
urban waste management
system in the Emilia-Romagna
region, «Detritus», 2021,
https://doi.org/10.31025/2611-
4135/2021.14085

Based on:

Magrini, C., Bonoli, A., Life
Cycle Thinking and waste
prevention activities: the case
of Emilia-Romagna Region, in:
Il Life Cycle Thinking a
supporto delle strategie di
mitigazione e adattamento ai
cambiamenti climatici, ENEA -
Agenzia nazionale per le nuove
tecnologie, I'energia e lo
sviluppo economico
sostenibile, 2019, pp. 289 - 293
(proceedings of: XIlII
Convegno della Rete Italiana
LCA -VIII Convegno
dell'Associazione Rete Italiana
LCA, Roma, 13-14 giugno
2019)

Regional and municipal
(paragraph 3.5.)

Municipal
solid waste
(or waste
assimilated to
urban waste).
Focus on
single-use
plastics

Prioritisation of
investments

Magrini, C., Degli Esposti, A.,
De Marco, E., Bonoli, A., A
framework for sustainability
assessment and prioritisation of
urban waste prevention
measures, «Science of the total
environment», 2021, 776,
https://doi.org/10.1016/j.scitote
nv.2021.145773
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3.2.  WASTE PREVENTION AT INTERNATIONAL AND EU-LEVEL

WP is an important element within the paradigm of sustainable development: in the frame of
United Nations Agenda 2030, SDG 12 (Ensure sustainable consumption and production
patterns) includes targets focused on environmentally sound management of all waste through
prevention, reduction, recycling, and reuse (targets 12.4 and 12.5) and reduction of food waste
(target 12.3) (United Nations, 2015). At global level, WP is particularly important in urban
areas, where the population is increasing, and waste generation is higher. Accordingly, the
SDG 11 (Make cities and human settlements inclusive, safe, resilient, and sustainable) aims
to “reduce the adverse per capita environmental impact of cities, including special attention
to air quality and municipal and other waste management”, and the New Urban Agenda
(United Nations, 2017) commits to “environmentally sound management and minimization of
all waste” too. Nevertheless, the freedom to produce and to waste is protected via national and
international legal regimes. Waste prevention strategies could, for instance, violate
international trade and investment law (Messner et al., 2020).
However, at European level the Waste Framework Directive released by the European
Commission indicates waste prevention as the most favourable option in the so-called waste
hierarchy, above reuse, recycling and recovery (Directive 2008/98/EC, Article 4). In
accordance with the Directive, at European level WP strategies have been defined in many
ambits of applications (Roadmap to a Resource Efficient Europe, COM(2011) 571; 7th
Environment Action Programme ‘Living well, within the limits of our planet’, Decision No
1386/2013/EU; Towards a circular economy: A zero waste programme for Europe,
COM(2014)398; The Circular Economy Action Plan, COM(2015)614).
As already stated, according to the definition given in European Commission Directive
2008/98, it is possible to distinguish three kinds of prevention:

e (Quantitative prevention, aiming at limiting the quantity of waste;

e (ualitative prevention related to adverse impacts of the generated waste on the
environment and human health;

e qualitative prevention of content of harmful substances in materials and products.

Under the Directive 2008/98/EC, European Union (EU) Member States (MSs) had to adopt
national waste management plans by December 12", 2010, and waste prevention programmes
by December 12, 2013 (art. 29). Each nation maintains a certain level of autonomy in
developing its own regulatory model and set of measures to meet the Directive objectives
(Tencati et al., 2016). So, each Member State has the responsibility to define appropriate and
specific qualitative or quantitative benchmarks for waste prevention, adopt measures in order
to monitor and assess the progress of the performances and determine specific qualitative or
quantitative targets and indicators (art.29, Directive 200/98/EC). This responsibility remains
with MSs also considering the reviews to Directive 2008/98/EC introduced by Directive
2018/851/EU. European Union Directive 2018/851/EU, amending Directive 2008/98/EC on
Waste, does not set specific quantitative targets on waste prevention, except for food waste
(reduction by at least 30 % by 2025 and 50% by 2030, whereas 31 of the Directive). It only
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specifies a minimum set of prevention measures which have to be included in the prevention
programmes written by the MSs (art. 29, as amended by the Directive 2018/851/EU).

Even considering packaging waste prevention, European Union does not set a quantitative
target; article 4 of Directive 94/62/EC on Packaging and Packaging Waste, as modified by
Directive 2018/852/EU, states that:

“Member States shall ensure that (...) other preventive measures are implemented in order to
prevent generation of packaging waste and to minimise the environmental impact of
packaging.

Such other preventive measures may consist of national programmes, incentives through
extended producer responsibility schemes to minimise the environmental impact of packaging,
or similar actions adopted, if appropriate, in consultation with economic operators, and
consumer and environmental organisations, and designed to bring together and take
advantage of the many initiatives taken within Member States as regards prevention.”

As highlighted also in paragraph 2.3., the absence of an EU-wide defined target on quantitative
WP may have the effect that recycling is prioritised over prevention in the practical
implementation in the MSs. The prioritisation of recycling over prevention seems to be
confirmed by the analysis of European industries conducted by (Cainelli et al., 2017).
Investigating the role of European environmental policy and green demand drivers to sustain
the adoption of resource efficiency-oriented eco-innovations by European industries, it seems
that while the effect of environmental regulations is robust across typologies of CE innovations,
it is more relevant for innovations linked to recycling behaviours, lagging waste reduction
behind. This has been already documented by some authors, who have stated that the
innovations efforts have been more frequently directed to sorting and recycling techniques
rather than to product design (Massarutto, 2014; Walls, 2006).

3.3, WASTE PREVENTION AT COUNTRY-LEVEL

Introduction

The paper “Municipal solid waste prevention: A review of market-based instruments in six
European Union countries” (Magrini et al., 2020), published in the journal “Waste management
& research” was aimed to study the link between municipal solid waste prevention and the
implementation of prevention programmes and market-based instruments, at national level.
The goal of the research was oriented to map some of the most advanced policies in waste
prevention, in order to identify trends and common features emerging, and to assess the
effectiveness of these instruments in terms of quantitative waste prevention for municipal solid
waste.

In the EU-28, municipal waste accounts for about 9,65% of total waste generated (Eurostat,
2014). The advantage of limiting the study to only MSW is that it might be considered less
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conditioned by economic and social factors than total waste. Furthermore, it has a high
potential for waste prevention (Arcadis et al., 2010).

In Communication 29/2018'° on a monitoring framework for the circular economy, the
European Commission suggests three indicators to monitor waste generation:

. generation of municipal waste per capita (kg per capita);

. generation of waste excluding major mineral wastes per GDP unit (kg per thousand
euro);

. generation of waste excluding major mineral wastes per domestic material consumption
(percentage).

This study assumes the first indicator stands with the aims of quantitative waste prevention,
considering municipal waste. The evolution of the generation of municipal waste per capita
indicator for EU-28 countries in the period 2008-2017 is shown in Figure 50. After a period of
gradual decline, the MSW production quantities per capita started to rise in 2014, in spite of a
long history of EU waste policy.

MSW generated by EU-28 countries
(kg per capita) (Eurostat)

525
520
515
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495
490
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475
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Figure 50- MSW generated by EU-28 countries (kg per capita)

19 European Commission, COM (2018) 29, Communication from the Commission to the European Parliament,
the Council, the European economic and social Committee, and the Committee of the Regions on a monitoring
framework for the circular economy. Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=COM%3A2018%3A29%3AFIN
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Methodology

The study started from the analysis of the trend of the indicator at country level, for EU-28
countries. The trend analysed (1995-2017) has been used as a parameter to select six virtuous
EU countries. Even if general waste statistics are available at an EU-wide level, it is not
suggestable to compare data reported by different MSs (EEA, 2000), because of the differences
in the kind of waste collected by the municipalities. So, the study considered each Member
State’s indicator trend separately.

Analysing the waste production per capita among all the EU-28 Countries, six virtuous
countries were selected through three different criteria:

. Consistency and availability of data: the database considered contains a complete
record of waste production per capita from 1995 to 2017. Only countries with complete datasets
were considered.

. Data trend: since the aim of this paper is to look up at countries that are actually tackling
their MSW production, only the ones with decreasing waste production per capita trends were
considered for the selection among all the EU-28 countries. As said before, the choice of this
indicator is aimed to assess the quantitative prevention of MSW at national level.

. Geographic area: countries were selected in order to provide the widest picture possible:
two eastern Europe countries, two southern Europe countries and two northern Europe
countries.

At the end of the analysis, the resulted countries are Belgium, Bulgaria, Italy, the Netherlands,
Romania, and Spain.

This study has considered just a few of the many existing MBIs, assessing their usefulness to
achieve quantitative waste prevention. The considered instruments were EPR, PAYT, DRS and
Environmental Taxes.

EPR

EPR is defined as an environmental policy principle in which a producer's responsibility is
extended to the post-consumer stage of a product's life, including take-back, recycling and final
disposal (Lindhqvist, 2000; OECD, 2014). Extended Producer Responsibility systems can
either be a legal instrument (specific wastes streams e.g., Waste Electrical and Electronic
Equipment (WEEE), End-of-Life vehicles (ELVs), packaging...) or a voluntary commitment.
EPR is considered to be one of the major waste management policy instruments that support
the implementation of the European waste hierarchy (Milios et al., 2018). EPR schemes may
differ according to the target they are aimed to achieve (Massarutto, 2014; Walls, 2003). For
example, they can be focused on end-of-life or widened to include environmental impacts
throughout the product life-cycle. They may be intended to deal with waste volumes, the toxic
constituents of waste, the method of waste disposal, or a combination of these things. They
might be expressed in terms of volumes of recycling or of waste prevention and green design
(Massarutto, 2014). EPR is often classified as an economic instrument because the producers

93



become logistically and/or financially responsible for their products in the end-of-life phase,
which brings about costs for collection, recycling, and reuse. The national systems vary
considerably in design, in terms of influence of pre-existing policy and systems, methods of
achieving producer compliance, fee structures, targets, waste stream prioritization and local
authority involvement (Cahill et al., 2010). The topic of effectiveness of EPR schema in waste
reduction is discussed in literature. EPR promised to induce manufacturers to incorporate waste
considerations in their strategies, and therefore to foster green design and waste prevention.
This argument was the strongest one in support of EPR at the beginning (Lindhqvist, 2000;
Massarutto, 2014). According to (Runkel, 2003), who investigates how EPR influences product
durability, EPR induces durability to increase. So, a consequent decrease in waste quantity can
be supposed. As highlighted by (McKerlie et al., 2006), the German Green Dot system is an
example of EPR that has stimulated more sustainable packaging design and resulted in
significant waste reduction. Between 1991 and 1997, Germany achieved a total of 3 per cent
annual reduction in packaging, clearly reversing the previous trend of 2-4 per cent increase per
year, prior to the packaging ordinance introducing EPR (McKerlie et al., 2006; OECD, 1998).
The analysis conducted by (Rubio et al., 2019) shows that the implementation of the EPR
policies to packaging waste have had a positive impact throughout the years in Spain and in
Portugal. Regarding the waste reduction goal, the systems have still not been completely able
to detach packaging waste production from economic growth, but they have been able to
promote material usage reduction directly through the Green dot fee model adopted and to
invest and finance new and innovative studies projects and R&D related to packaging
sustainability (Rubio et al., 2019). Generally speaking, in the packaging field some prevention
has occurred due to reductions in material use and product/packaging downsizing (Massarutto,
2014; Walls, 2006).

Nevertheless, it can be stated that the impact of EPR on green design and product innovation
has been much lower than expected (Massarutto, 2014; Walls, 2006). For example, in the field
where an effect on green design was most expected, that of engineered products such as
electronic equipment, improvements have been insignificant (Massarutto, 2014; Yu et al.,
2008).

The European Directive 2018/851/EU amending Directive 2008/98/EC on waste aims to define
the general minimum requirements for EPR schemes (8a). Even though several considerations
about EPR measures for waste prevention have been stated in the Directive (whereas 14, 26,
art. 8ala 8alb), none of them is bonding to concrete quantitative reduction targets.

This Directive is though innovative in terms of waste prevention and EPR, because it states
that the financial and/or organisational responsibility of producers can include “a responsibility
to contribute to waste prevention and to the reusability and recyclability of products” (whereas
14).

So far, European Union forces MSs to adopt of EPR system for WEEE (Directive 2012/19),
ELVs (Directive 2003/53), portable batteries and accumulators (Directive 2006/66). Moreover,
the recent Directive 2019/904 on the reduction of the impact of certain plastic products on the
environment forces the introduction of EPR for all single-use plastic products listed in Part E
of the Annex to the Directive which are placed on the market of the MSs, while suggesting the
implementation of EPR for fishing gear containing plastic.
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PAYT

Traditionally, residents pay for waste collection through property taxes or a fixed fee,
regardless of how much trash they generate. Pay-As-You-Throw schemes breaks with tradition
by treating trash services just like electricity, gas, and other utilities. Households pay a variable
rate depending on the amount of service they use. In communities with PAYT programs,
residents are charged for the collection of municipal solid waste based on the amount they
throw away (US Environmental Protection Agency’s Web Archive).

In most PAYT schemes, the overall cost of the service is funded through a combination of flat
rate fees or taxes and a variable element which may be linked to one or more of the following
schemes:

. Volume-based schemes: the choice of container size;

. Sack-based schemes: the number of sacks set out for collection;

. Frequency-based schemes: the frequency with which a container is set out for
collection;

. Weight-based schemes: the weight of material collected in a given container.

PAYT schemes can be applied to a specific waste stream, like residual waste, or to more than
one stream.

PAYT schemes are not included in the list of waste prevention measures in Annex IV, Directive
2008/98/EC, while this tool is listed in Annex IVa to Directive (EU) 2018/851, which provides
examples of economic instruments and other measures to provide incentives for the application
of the waste hierarchy. PAYT can encourage a change in consumption patterns. The “Best
Environmental Management Practice for the Waste Management Sector” included PAYT
among the BEMP on waste prevention (Dri et al., 2018).

According to a literature review, some cases studies support the idea that PAYT application
might be directly linked to total waste reduction. As example, since widespread implementation
of PAYT in Ireland in 2004, the country has witnessed significant reductions in waste, despite
some reports of problems with illegal dumping: reductions as high as 45% were recorded in
some municipalities after the first year of implementation (Dahl, 2010; Scott & Watson, 2006;
Walls, 2006). The implementation of PAYT in the city of Dresden caused the drop of collected
household waste per capita by nearly 12% within 6 months (Reichenbach, 2008). Considering
extra-EU countries, in 1994, the US Environmental Protection Agency (US-EPA) published a
guidebook for the introduction of PAYT (Canterbury, 1994) and also proactively promotes
PAYT. Communities using PAYT have seen reductions in the amounts of waste, savings in
treatment costs, and increases in recycling rates (Canterbury & Eisenfeld, 2006; Sakai et al.,
2008). In the United States, waste reduction in PAYT municipalities is estimated to be about
16-17%, which is equivalent to about 3.2% of the amount of residential waste discharged.
Source reduction is estimated to be about 6%, which is equivalent to 1.2% of the amount of
residential waste discharged nationwide (Sakai et al., 2008; Skumatz, 2000). In 1995, Korea
started to introduce a nationwide PAYT program in order to drastically reduce the amount of
waste generated. The success of the program in terms of waste reduction has been reported
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(Hong, 1999; Sakai et al., 2008). Some researchers are sceptical about PAYT programs. Some
criticisms are due to a potential increase of illegal waste dumping, thus rising costs for the
Municipal Solid Waste Management (MSWM) service as well as reducing environmental
benefits (A. Allers & Hoeben, 2010; Elia et al., 2015). In some cases, the amounts of waste
generated rebound with time and revert to an upward trend. It is therefore necessary to design
a comprehensive mechanism that includes PAYT and considers the specific features of each
municipality, because the same PAYT program can have different outcomes in different
municipalities (Sakai et al., 2008). In general, PAYT schemes can raise citizen awareness of
their own waste production, hence, to encourage them to prevent excessive production.
Furthermore, the incentive to waste reduction is bigger if various waste streams including
unsorted waste are involved.

Volume-based schemes generally impart the weakest incentive for waste prevention and
recycling (B1O Intelligence Service et al., 2012; OECD, 2006). This is partly related to the fact
that once a bin of a specific size has been purchased (or subscribed to), the marginal cost of
reducing the quantity of waste sent to the residual waste container is effectively zero.
Considering waste prevention, weight based schemes perform best, whilst schemes using sacks
or based on frequency and volume of container are next best and broadly similar in
performance. Schemes based only on choice of container size are the least effective (Card &
Schweitzer, 2016; Dohogne et al., 2016).

PAYT has been in place across Europe for more than 25 years already. The policy now exists
in a wide range of European countries in varying forms. Germany, the Netherlands, Belgium,
Sweden, Austria and Finland have been experimenting with PAYT for the longest time (ARS
Ambiente, 2017).

DRS

A Deposit-Refund System is the surcharge on the price of potentially polluting products. DRS
are basically a combination of two instruments: a tax on the purchase of a certain product, and
a subsidy on the separate collection of the same product in its after-use stage (Linderhof et al.,
2019). When pollution is avoided by returning the products or their residuals, a refund of the
surcharge is granted (Glossary of Environment Statistics, 1997). They can be efficient policy
instruments to encourage reuse and recycling (Linderhof et al., 2019; Walls, 2011). Moreover,
it might reduce the amount of waste and lead to a reduction of littering (Linderhof et al., 2019).
Today, Deposit-Return Schemes for recycling are the most commonly implemented: they
address one-way packaging (e.g., beer cans, soft-drink bottles) and incentivise the return of the
packaging (once the beverage has been consumed) to collection points. DRSs for reuse were
widely in use until the 1980s, while today the focus is on recycle. Since the development of
EPR schemes requires less logistic and financial involvement from the companies, deposit-
refund systems for reuse have been progressively abandoned (Condamine, 2019). By the way,
DRS for reuse can achieve good results for waste reduction, taking advantage of the increased
citizens’ awareness that comes with the system. DRS for reuse can be seen as an effective tool
for helping citizens visualise the impact of their actions (Zero Waste Europe, 2019).
Nevertheless, a study performed by Simon et al. in 2016 highlighted how reuse systems have
limits in terms of environmental benefit. The authors performed an LCA analysing the GHG
emission avoided by using DRS to refill plastic bottles, The study brought out that the reduction
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of GHG emission became less significant after 7-9 refills. This means that reuse systems have
an asymptote where further increasing number of refills does not generate significant
environmental benefit (Simon et al., 2016).

Environmental taxes

Environmental Taxes are price-growing instruments encouraging broad-based action to reduce
environmental damage at least cost. Revenues can be used to provide incentives for further
efficiency gains, green investments, innovation and shifts in consumption patterns (OECD,
2015).

Environmental taxes are mainly composed by:

. Transportation taxes;
. Energy taxes;
. Resources taxes.

This study will focus on the last one, considering it as a prevention-driving MBI. According to
(Bruvoll, 1998), taxing virgin materials improves market efficiency since current relative prices
between virgin materials and other input factors promote inefficient resource allocation. Using
price incentives to combat the problems connected with material use is generally more efficient
than using regulations. The analysis of (Soderholm, 2011), who investigates the efficiency of
environmentally motivated taxes on virgin raw materials in Sweden, Denmark, and the United
Kingdom, indicates that taxing natural resource output or use typically represents a ‘second-
best’ policy alternative, which can be used when, for instance, the monitoring of non-point
source emissions is difficult or efficient property rights regimes cannot be established. The
empirical analysis shows that the European aggregate taxes have assisted in reducing virgin
resource use in spite of the relatively low own-price responses.

According to (Bosquet, 2000), when environmental tax revenues are used to reduce payroll
taxes, and if wage-price inflation is prevented, significant reductions in pollution, small gains
in employment, and marginal gains or losses in production are likely in the short to medium
term, while investments fall back and prices increase. Results are less certain in the long term.
According to literature, most Green tax reforms models in Europe (EEA, 2016; Ekins et al.,
2011; Ekins et al., 2012) suggest that green tax reforms could deliver positive impacts. The
EEA study calculated that applying Environmental Tax Reform (ETR) to achieve the 20%
target of GHG reduction would help to create more than 1 million jobs with minor costs (0.04%
of GDP). However, progress in this area at the EU level is faced with substantial obstacles. EU
has very limited competences in the area of taxation, as taxation lies generally within the
competence of national MSs (Domenech & Bahn-Walkowiak, 2019).

Environmental taxes on products or on resources

Focusing the analysis on pollution, the paper has studied the application of taxes on particular
products. In particular, concerning plastic bags, Directive 2015/720/EU recommends “the
adoption of measures ensuring that the annual consumption level does not exceed 90
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lightweight plastic carrier bags per person by December 31st, 2019 and 40 lightweight plastic
carrier bags per person by December 31st, 2025, or equivalent targets set in weight”, setting
a quantitative target on the reduction of this specific waste stream. Furthermore, it is required
“the adoption of instruments ensuring that, by December 31st, 2018, lightweight plastic carrier
bags are not provided free of charge at the point of sale of goods or products, unless equally
effective instruments are implemented. Very lightweight plastic carrier bags may be excluded
from those measures.” (article 4). According to the arrangements of this Directive, some MSs
decided to implement a tax on plastic bags, in order to have an impact on consumer behaviour;
other States implemented voluntary agreements, (e.g. the government encourages retailers to
take measures aimed to reduce plastic bags usage, in particular by taxing them, but no
obligation has been set so far, though); other Countries decided to ban this product. As for
plastic bags, European Union does not set a European-wide tax rate on packaging waste. Each
Member State can rather implement fiscal measures to reduce the amount of waste generated
within its boundaries.

Results
Analysis of waste prevention targets

Prevention targets with clear deadlines are important instruments for the sakes of waste
prevention (Zorpas & Lasaridi, 2013). Specific waste prevention targets, such as recycling
targets, should be legally binding in order to strengthen waste prevention (Mazzanti, 2008;
Wilts et al., 2016). In particular, prevention targets are one of the most effective and most
frequently applied household waste prevention policies (Cox et al., 2010). According to the
DPSIR model, they have effect on quantitative prevention, thus on the pressure, and on
qualitative prevention and thus on the impact state. The targets and measures for waste
prevention should be specified with regard to the particular waste stream concerned (Salhofer
et al., 2008). The analysis of national prevention programmes has been conducted with a focus
on quantitative targets on reduction of waste and on the monitoring system adopted to assess
the progress. In particular, the waste streams analysed are MSW or households waste. Table 7
summarises the key findings of the research.
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Table 7- Targets on waste prevention

Municipal/
household
State Region Durati | waste Quantitative target on waste reduction
on targets
have been
set
Belgium | Brussel | 2018- | Yes Reduction of household waste production per
S 2023 capita by 5% in 2023; 20% in 2030, compared
to 20182,
Flander | 2016- | Yes 502 kg of household waste per capita in 20222,
S 2022
Wallon | 2018- | Yes Expected effects of the household waste
ia prevention actions up to 2025: household
waste 501.20 kg/capita (in 2013, 528.9
kg/capita)?2.
Bulgaria | Nation | 2014— | Yes In 2020, the value of "generated municipal
al 2020 waste per inhabitant” is less than the value of
the indicator in 2011. This should be true for
every municipality?3,
Italy Nation | 2013- | Yes By 2020, 5 % reduction in the ratio: generated
al 2020 MSW/GDP compared to 2010; as a monitoring
measure, the tendency of MSW/household
consumption will be considered as well,

20 Government of the Brussels Capital Region, 2018. Plan de gestion des ressources et des déchets - Pour une
consommation durable, sobre, locale et circulaire. Pour une société zéro déchet, Brussels region (Resource and
Waste Management Plan - For sustainable, low-key, local, and circular consumption. For a zero-waste society).
Auvailable at: https://environnement.brussels/sites/default/files/user files/pgrd 181122 fr.pdf

2L OVAM, 2016. “Implementation plan for household waste and similar industrial waste”, Flanders Region

(BE). Available at: https://www.ovam.be/uitvoeringsplan

22 Government of Wallonia, 2018. Plan wallon des Déchets-Ressources (Walloon Waste-Resources Plan).
Available at: http://environnement.wallonie.be/rapports/owd/pwd/PWDR_3.pdf
23 Bulgarian Ministry of Environment and Water, 2014. National waste management plan 2014-2020. Available

at:

https://www.moew.government.bg/static/media/ups/tiny/file/Waste/NACIONALEN PLAN/NPUO ENG 22 1

0_2014 06_01_2015.pdf

24 Italian Ministry of the Environment, Land and Sea, 2013.
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Municipal/

household
State Region Durati | waste Quantitative target on waste reduction
on targets
have been
set
The Nation | 2017- | Yes Total waste supply in 2023 cannot exceed 65
Netherlan | al 2023 Mton and in 2029 it must not exceed 70 Mton.
ds Household waste production has to decrease
from 500 kilograms in 2014 to a maximum of
400 kilograms per inhabitant per year in 2020%°
Romania | Nation | 2018- | Yes Reduction by 10 % of the amount of household
al 2025 waste produced in 2017 by 2025%,
Spain Nation | 2014— | No. Target | The main objective of the programme is to
al 2020 on total | reduce 10 % of the amount of waste produced
waste only | in 2010 by 2020 (in tonnes)?’

Market-based and economic instruments and waste prevention

Economic instruments can play a crucial role in the achievement of waste prevention and
management objectives (Directive 2008/98/CE; Directive 2018/851/EU). Waste can have
value as a resource, and the further application of economic instruments may maximise
business and environmental benefits.
The considered Market-Based Instruments seek to address the market failure of “environmental
externalities” either by incorporating the external cost of production or consumption activities
through taxes or charges on processes or products, or by creating property rights and facilitating
the establishment of a proxy market for the use of environmental services. The use of such
instruments at the appropriate level should therefore be encouraged while stressing that
individual MSs can decide on their use.

2 Dutch Minister for Infrastructure and Water Management, 2017. Third Waste Management Plan (Landelijk
Afvalbeheer Plan — LAP3). Available at: https://lap3.nl/ (accessed 27 February 2019)

2 Government of Romania, 2018. Official Gazette of Romania, Decision on the approval of the national waste
management plan (Monitorul Oficial al Romaniei, hotarare privind aprobarea planului national de gestionare a
deseurilor). Available at: http://www.mmediu.ro/app/webroot/uploads/files/2018-01-10 MO_11_bis.pdf

2T EEA, 2016. Overview of national waste prevention programmes in Europe- Spain, Country fact sheet.
Available at: https://www.eea.europa.eu/themes/waste/waste-prevention
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These are tools that influence behaviour through economic signals rather than explicit
directives. If they are well designed and implemented, they encourage individuals or companies
to undertake prevention efforts that are in their own interests and those collectively meet policy
goals.

EPR

Table 8 shows some EPR programmes in place in the considered six EU countries and their
implementation year.

Table 8- EPR in the selected Countries. Source: (BIO Intelligence Service et al., 2014)

MS WEEE Packaging Others

sogm oL 1w | ot e (00
Bulgaria 2006 2004

Italy 2004 1997

Netherlands 2004 2013 Window panels (2013)

Romania 2007 2004

Spain 2002 1996

According to the results obtained by Eurostat data elaboration (Eurostat, 2019a, 2019b),
packaging and WEEE production trends among the past few years do not seem to be affected
by the EPR implementation in terms of quantity. Despite datasets start from EPR
implementation year (or even before) for every country, Figure 51 and Figure 52 show how
waste generation trends are constantly growing over time. Large orange dots, where present,
indicate the implementation year. To make the results comparable, Figure 53 and Figure 54
show the production per capita in the 6 Countries, for packaging and WEEE respectively.
Hence, it might be stated that among the selected countries these kinds of EPR schemes do
focus on recycling targets rather than prevention targets. In fact, most of the EPR schemes tend
to achieve no more than the collection and recycling targets set in the waste legislation (Leal
Filho et al., 2019).
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Figure 51- Municipal packaging waste generation trends, EU28 selected countries
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Figure 52- Generation trends of WEEE from households, in the selected EU28 countries
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Figure 54- Per capita production of WEEE in the selected Countries
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PAYT

Since the decision is left to counties and municipalities, Pay-As-You-Throw schemes are often
implemented on sub-national level, so it’s difficult to estimate the coverage (in terms of
population or number of municipalities covered) of PAYT systems in the MS that implement
them. Considering the 6 selected Countries, the coverage rate varies widely, from a very small
proportion in Spain (Catalonia only), to over 20% of municipalities in the Netherlands.

Table 9 indicates the various PAYT schemes implemented in each country and its coverage
rate (coverage rate and type/combination of schemes are not strictly related).

Table 9- Application of PAYT schemes in the selected EU MSs — Source: (ARS Ambiente, 2017; BIO
Intelligence Service et al., 2012)

PAYT Estimated Scheme Details and examples of best
Member State | schemes 28 . .
. coverage implemented | practices
in place
Belgium Yes 50% Volume, Wallonia (for 601 bags): rubbish bag:
(Wallonia) sack, € 1.00; recycling bag: € 0.13,
100% frequency, biowaste: € 0.25.
(Flandres) and weight Flandres: rubbish bag: € 1.50;
Collection of mixed waste: € 0.75-2
(60 I bags), € 2.5-3.75 (120 | bins),
€ 0.15-0.2 (kg), € 0.25-1 (collection).
Bulgaria No
Italy Yes Estimated 2 Volume, Navigli Municipalities Consortium
million sack, and Variable part about 0,23 €/kg,
inhabitants frequency established yearly. The weight of the
bag is calculated using the average
specific weight of bags collected in a
truck, and its volume.
Netherlands Yes 20% Frequency, Maastricht Municipality
In 2000, over | volume, sack, | The municipality collects household
20% of 538 and weight waste door to door in the communal
municipalities bin bags. These bags are red and
in the white. There are bags of 25 and 50
Netherlands litres for sale. The bin bags are sold at
applied a various stores.
PAYT scheme, A bag of 25 litres can be up to 3,5 kg
with these and a bag of 50 litres of a maximum of
types: 7,0 kg. Fees in 2017:
frequency (54 € 0,49 25 litres bag
municipalities), € 0,83 50 litres bag
volume (29),
sack (20),
weight (13),

28 Estimated coverage is based on the entire population living in the area or country.
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PAYT

authorities in
Catalonia are
studying the
implementation
of PAYT
schemes

Estimated Scheme Details and examples of best
Member State | schemes 28 : .
) coverage implemented | practices
in place
unspecified
(10).
Romania No
Spain Yes Very small Sack Esporles Municipality (Mallorca
portion. 15 region): fixed annual fee: €90 per
more local household; variable fee: €1 per bag

Miravet and Rasquera Municipalities
(Catalonia region):
fixed annual fee: €40 per urban
households, €30 per rural household,
variable fee: €0.30 per packaging bag
(351) and €0.70 per residual waste bag
@
Argentona Municipality (Catalonia
region):
- fixed annual fee: €95 per
household;
- variable fee :
o Residual waste 0,65
€/bag 171, or 2,50
€/bag 65 1(0,0382 €/)
o Light packaging: 0,35
€/bag 351 or 1,00 €/bag
100 1 (0,01 €/1)
o Food waste: variable

between 43 €/25 1 and

203 €/2401

Analysing the findings reported by Table 9, it can be stated that few areas are currently
implementing PAYT schemes and just the Flemish area reached 100% coverage.
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Bulgarian municipalities do not implement any type of PAYT scheme. The reason of this
approach can be found in Bulgarian National waste prevention programme?®, where it is stated
that:

“Applying more directly the “Polluter pays” principle in determining the waste fee by
measuring the waste quantities is likely to contribute to reducing the amount of municipal
waste and encourage the participation of the population and businesses in systems of separate
collection of recyclable waste at the source, but changing the way of defining the municipal
waste fee is a major challenge for municipalities and the population”.

Thus, Pay-as-you-throw systems are not implemented on National Level. Some PAYT systems
are partly implemented for activities as companies, institutions, hospitals. Payment is mostly
based on generated waste quantities (number of containers, collection frequency).

Italian municipalities/regions are free to implement a waste management system of their
choosing, but are still responsible for meeting the targets set by their Optimal Territorial Scope
office. In the Emilia-Romagna Region, Regional law 16/2015 stated that all the municipalities
must implement a PAYT system by 31 December 2020. Lazio Region did the same in 2016,
with Regional Law of 10" August. The 2018 municipal waste report issued by the Italian
Institute for Environmental Protection and Research (ISPRA), studied the implementation of
PAYT systems in 2593 of the 7914 Italian municipalities. The study highlighted that 341
municipalities were implementing PAYT systems (ISPRA, 2018), and the ones who did, have
achieved results, different from northern to southern regions. Although the most successful
demonstrate some impressive results. In the Province of Treviso, the amount of waste sorted
by households (and therefore the amount of waste recycled) increased by 12.2% following the
introduction of PAYT (BIO Intelligence Service et al., 2012).

As well as the Italian case, just a few Dutch municipalities implement PAYT schemes. The
adoption of this kind of scheme on national level is under evaluation and has been brought out
by many studies over the past few years.

In the recent Romania National Waste Management Plan, it is mentioned as objective the
voluntary implementation of PAYT, starting in 2018, and the target of extend the
implementation of the PAYT instrument to national level by 2025.

Even though waste charges are widely implemented over the whole Spanish territory, the
application of Pay-As-You-Throw schemes is very limited. Just a few Spanish municipalities
had implemented this kind of charges for household waste, and a few more for commercial
waste.

In conclusion, it can be stated that PAYT schemes are difficult to track down and analyse, since
all the countries considered leave the implementation decision up to the regions or
municipalities.

The authors would suggest, for example, to associate an environmental impact parameter to
each waste flow (e.g., the production of CO», determined through emission factors expressed

29 Bulgarian Ministry of Environment and Water, 2014. National waste management plan 2014-2020. Available
at:
https://www.moew.government.bg/static/media/ups/tiny/file/\Waste/NACIONALEN_PLAN/NPUO_ENG_22 1
0_2014_06_01 2015.pdf

30 European Commission, 2011. Country Factsheet Bulgaria. Available at:
https://ec.europa.eu/environment/waste/framework/pdf/BG_factsheet FINAL.pdf
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in kgCO- per kg waste). This way, the variable fee determines the actual cost applied to the
user based on the actual environmental impact generated and, above all, allows to take into
account different waste management actions. A further step would be taken providing fee
reductions proportional to the amount of waste prevented by the implementation of preventive
measures.

DRS

The Dutch Environmental Protection Act gives the opportunity to implement mandatory DRS.
This opportunity has not been seized yet by Dutch legislators and the DRS on one-way
beverage packaging of the Netherlands is currently driven by voluntary actions. The Stichting
Retourverpakking Nederland initiative covers PET-bottles and achieved around 95% of
collection percentage after the system implementation. There is a deposit and refund of € 0.25
for each purchased bottle (Albrecht & Deprez, 2016; Reloop & Consulting, 2018; Spasova,
2019).

The implementation of the system is limited to voluntary actions or under evaluation in the
remaining 5 considered countries. Starting from October 2017, Italy planned a 12-month trial
for DRS, directed to the operators of bars, hotels, and restaurants (therefore, no households
waste was involved). The trial outcome was a total failure, since just a few dozen companies
have joined the project, while the others have discarded it for too high costs and too complex
bureaucratic procedures®.

The situation is different in Romania. In 2013 Romanian Ministry of Environment and Forests
signed a voluntary agreement aimed to develop tools for packaging waste and recycling
performances. The agreement (implemented in 14 major cities) goal is to increase the collected
packaging volume by 25%. One of the projects of this agreement involves offering vouchers
to clients in several Romanian supermarkets when bringing end-of-life home appliances or
plastic packaging (e.g., € 20 voucher for a recycled refrigerator, € 0.01 for plastic bottles, €
0.02 for glass bottles and € 2.5 for 1 kg of mobile phones)®2. According to Zero Waste Europe,
Romanian authorities are planning to implement a DRS starting in 2022, although involved
goods have not been specified yet.

Finally, the Directive 2019/904 suggests the application of deposit-refund schemes for products
listed in Part F of the Annex (beverage bottles with a capacity of up to three litres, including
their caps and lids).

In conclusion, the study highlighted how just a few countries implement DRSs in their own
territory. However, this kind of measure improves recycling performances rather than
prevention. The authors suggest implementing the “return on the go” scheme developed by
Ellen MacArthur foundation (Ellen MacArthur foundation, 2019) designing a set of incentives
tailored to the specific implementation areas.

31 https://www.polimerica.it/articolo.asp?id=18722

32 European Commission (2015) A framework for Member States to support business in improving its resource
efficiency. An Analysis of support measures applied in the EU-28. Measure synthesis. Supporting voluntary
agreements and initiatives. Available at:
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/RE_in_Business_M4_VoluntaryAgree
ments.pdf
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Environmental taxes: taxation on resources

Environmental taxation as percentage of GDP,

2016 (Eurostat)
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Figure 55— Environmental taxation as percentage of GDP

Figure 55 points out the environmental taxation contribution to GDP of each country. Despite
taxation on resources provides the lowest contribution (6% as average in the 6 countries
considered), this study focuses on this category.

Table 10 provides an overview about the implementation of Packaging and Plastic bag taxes
among the selected countries. Countries with plastic bags bans but without any economical
measure have not been highlighted.

Belgium | Bulgaria | Italy Netherlands | Romania | Spain

Packaging

Plastic
bags

Table 10- Implementation of environmental taxes on packaging and plastic bags in selected EU MSs

Looking at the content of Table 10 in deep, two different charges on packaging can be found
in Belgium. The “Packaging Charge” (Haulotte et al., 2014) was introduced in 1993 and
reformed in 2004, exempting all beverage container from value added tax (VAT), but also
introducing much higher rates on tax, especially for non-reusable containers. By 2014, the
Packaging charge was € 9.86 per hectolitre for non-reusable packaging and € 1.81 per hectolitre
for reusable packaging (Card, 2016).

The Belgian federal government had discussions about a law on plastic bags, but nothing has
been adopted yet. In Wallonia prohibition of light, single-use plastic bags entered in force on
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December 1%, 2016 (Atzori, 2017). In Brussels Region, since September 2017, single-use
plastic bags are prohibited at counters and since September 2018, all single use plastic bags are
prohibited in retails. In Flanders region, no measures have been adopted yet.

In March 2004, Bulgaria have introduced the first taxes on packaging. Producers and importers
of packaging on Bulgarian market are required to pay a tax defined in BGN per kilogram of
packaging material. However, there are exceptions. Companies achieving the recycling and
recovery targets individually and for the producers and importers of packed goods which sign
a contract with a Recovery Organization, are all relieved from paying this kind of tax to the
State. Among all the EU MSs, Bulgaria has been a forerunner on environmental taxes on plastic
bags. An ecotax on polyethylene bags with a thickness of up to 25 microns and size smaller
than 390/490mm, which are defined as single-use bags under Bulgarian legislation, is in place
since October 2012. The tax on polyethylene bags increased to about € 0.28 in 2014. Retailers
are not allowed to freely provide bags between 25 and 50 microns, but no fee has been set on
National level.

The Italian situation is quite different. Environmental taxes are not widely implemented in Italy
among the categories considered in this study. However, a ban on single use plastic bags has
been implemented since 2011. In 2018, this led to a reduction of plastic bags consumption of
more than 50% since 2011 (Surfrider Foundation Europe, 2018).

Dutch government is not currently implementing a tax over packaging products. However,
businesses over the national territory have the freedom to decide how much they will charge
customers for a plastic bag. The National official guideline is currently € 0.25 per bag. While
free plastic bags are prohibited since January 2016.

Romanian authorities have set a tax over business operators placing packaged goods on the
national market. These are impelled to pay a packaging tax of equivalent € 0.44 per kilogram
of product placed on the market (Hogg et al., 2014). Producers and retailers can make
consumers pay this tax to encourage them to use fewer plastic bags. Moreover, since July 1%,
2018, a ban has been placed on the introduction on the market carrier lightweight and very
lightweight plastic bags (under 50 um) and on January 1%, 2019, the ban has been further
implemented to the commercialization of these bags on the market.

Spanish Royal Decree 293/18 of May 2018 prohibits the free distribution of lightweight plastic
bags from July 2018. It excludes very lightweight and ticker-recycled bags. The same decree
foresees a ban on lightweight and very lightweight plastic bags (except for compostable bags)
as of 2021.

In conclusion, taxes can play a strong and central role in inducing behaviour changing and
promoting waste prevention. It is important to consider this in tax policy design. The
examination of the existing taxation rates applied in EU MS for the limitation of the
environmental impact of plastic bags has indicated that there is no single solution that can be
used in all countries. In addition, there is not one specific solution addressing both the reduction
of plastic bag consumption and plastic bags littering. (Kasidoni et al., 2015)
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Conclusions

The study highlighted the importance of the integration of Command and Control with
economic incentives and MBIs. All the Countries have set a target on the reduction of
municipal solid waste, except for Spain, which set a target on total waste only. Every
considered Country implements a mix of different MBIs. It is important to design MBIs which
are tailored to the implementation area, as there is no single solution that can be used in all
countries. The effectiveness of this kind of instruments on waste reduction is strictly related to
their design phase. Hence, PAYT schemes, taxes (and incentives) and DRS for reuse can be
the most effective MBIs in terms of waste reduction. Moreover, the best option would be
achieved by linking economic benefits to environmental benefits generated by a measure or a
behaviour in a specific place. A life-cycle assessment might help to analyse all the
environmental impacts.

On the other hand, policymakers need to be aware that some instruments inadvertently
encourage dumping, thus creating a potentially more serious environmental problem than legal
disposal.

Further research could focus on other economic instrument types, according to the categories
proposed by (Hogg et al., 2011), i.e.: Taxes, Fees and Charges (including EPR), Tradable
Permit Systems, Deposit-Refund Systems (DRS), Subsidies and Green Procurement. Indeed,
some of these instruments might have more impact in the initial stages of the material life cycle,
if properly designed (Figure 56).

CONSUMPTION WASTE

Figure 56- Typical areas of coverage for each instrument type along the material life cycle. Source: (Hogg
et al., 2011)
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3.4.  WASTE PREVENTION AT THE REGIONAL LEVEL: THE CASE OF EMILIA-ROMAGNA
REGION

Introduction

Waste services are considered of public and general economic interest since they are essential
to human comfort, public health, and environmental quality, and since they are key elements
for economy’s competitiveness and society’s overall well-being (Hoornweg & Bhada-Tata,
2012; Marques et al., 2018).

As argued by (Campitelli & Schebek, 2020), who reviewed 366 studies on waste management
systems (WMSs) of cities or countries and focused on municipal solid waste (MSW), the
assessment of WMSs is a crucial and still relevant topic, according to the increasing number
of publications in the last 40 years. In recent years, the public interest associated with municipal
waste management (MWM) has broadened, as it is concerned with much more far-reaching
sustainability issues: materials consumption, availability of disposal sites, pollution from
treatment cycles (Antonioli & Filippini, 2002). According to (Campitelli & Schebek, 2020),
besides environmental, organizational, and technical aspects, many studies have considered
other aspects. Governance aspects have gained attention. Indeed, the governance is crucial for
building up a WMS (Leal Filho et al., 2016) and the institutional framework should be well
designed in order to ensure the quality of the service and its environmental and economic
sustainability.

The paper “Evolution of the urban waste management system in the Emilia-Romagna region”
(Magrini, Biagini, et al., 2021), published in the journal “Detritus” consists of an analysis of
how the urban waste management system has changed in the Italian region of Emilia-Romagna,
during a decade, i.e. the years from 2008 to 2018. This paper is based on a shorter publication,
presented at the Congress of the Italian LCA Network, in 2019 (Magrini & Bonoli, 2019).
Emilia-Romagna is a region in Northern Italy that extends inland westward from the Adriatic
coast, with a population equal to 4.459.477 inhabitants (2019). Emilia-Romagna is one of the
wealthiest and most developed regions in Europe; it was the third wealthiest region in Italy in
2017, considering the indicator “primary income of private households”. The region is divided
in 9 Provinces (Figure 57) and it includes 328 Municipalities (2019). In the same Figure 57,
the MSW providers are also shown. The service providers in the Region remained almost the
same over the analysed years.
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Emilia Romagna Region
Provinces and MSW providers (2018)
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Figure 57- Emilia-Romagna Region: Provinces and waste service providers

In 2011, thanks to an internal reform, the Emilia-Romagna Region started to strengthen its role
in the planning and regulation of urban WM services. Moreover, a single regional regulatory
unit, the Emilia-Romagna Territorial Agency for Water and Waste Services (ATERSIR), was
established and became operational.
The objective of this research paper was to study what impacts this transition had on the
management of solid urban waste (UW). The analysis of variables directly affected by the
economic regulation was complemented by an assessment of environmental and institutional
aspects, to study the joint effects and the synergies between WM planning and economic
regulation itself. This is a novelty, since the effects of economic regulation are usually
evaluated in terms of effectiveness, efficiency, or productivity of providers, while neglecting
an in-deep analysis of the locally pursued WM strategies. This partial approach might deliver
misleading messages for decision makers, since achieving CE objectives might hinder
efficiency of waste service operators, as highlighted (Di Foggia & Beccarello, 2020).
Moreover, the territorial dimension suitable for the implementation of CE might be bigger than
the area served by single operators.
Thus, since in the Emilia-Romagna region the CE policies are at the core of regional waste
management planning, this study attempts to analyse how an institutional reform has affected
these aspects. Particular attention is given to the analysis of the homogeneity level of
performances among Municipalities in the region, as its increase is an objective of public
policies, and it might result from a centralised regulation.
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Background: policies on waste prevention in Italy and in Emilia-Romagna Region

Emilia-Romagna was the first Italian region to assume the CE principles in its waste policy by
law, with the aim of reducing waste production and recovering as much material as possible
for recycling. The Regional Law 16/2015% explicitly introduces a new concept of "sustainable
development”, assuming that the winning approach is the one which tends towards a holistic,
comprehensive, and not sectorial vision. In the General Direction for Environment and for Soil
and Coast protection of Emilia-Romagna Region, a specific team works on the implementation
of objectives for a sustainable WM.

In Italy, responsibility for environmental policies is held by the national government, but the
regional government is the responsible authority for the Waste Management Plan (Legislative
Decree 152/2006, art. 199). As already pointed out, under the Directive 2008/98/EC, MSs of
the European Union had to adopt national waste management plans by December 12, 2010,
and waste prevention programmes by December 12" 2013. In Italy, the main document
addressing waste prevention policies is the “National Waste Prevention Programme”, adopted
by the Ministry of the Environment, Land and Sea with Directorial Decree of October 7th,
2013. The programme sets some targets of waste prevention to be achieved by 2020, based on
2010 levels:

- 5 % reduction in the ratio of generated MSW to GDP unit.

- 10 % reduction in the ratio of generated special hazardous waste to GDP unit.
- 5 % reduction in the ratio of generated special non-hazardous waste to GDP unit.

The document lists the measures useful to reach the targets, identifying general measures,
which are relevant to all waste flows, and specific measures, to be adopted for biodegradable
waste, paper waste, packaging waste, waste electrical and electronic equipment, and
construction and demolition waste.

On the basis of this National Programme, each Region has adopted regional prevention
programmes, integrated to regional waste management plans. The “Waste management plan of
Emilia-Romagna Region”, definitively approved in May 2016, defines the strategic objectives
for sustainable WM, in line with the European hierarchy which puts prevention and recycling
first. It includes a prevention programme, in chapter 17, part 1V, with a time frame of 7 years
(2013-2020).

The waste management plan of Emilia-Romagna region sets two important targets, in terms of
waste prevention:

e 20-25% reduction of per capita urban waste production by 2020;
e reduction of special waste harmfulness.

Furthermore, at least 70% of urban waste has to be sorted collected at the regional level by
2020. This target becomes more ambitious with the Regional Law 16/2015 (73% of sorted

33 Regional Law 5 October 2015, N.16, “Provisions to support the circular economy, the reduction of municipal
waste production, the reuse of end-of-life assets, separate waste collection and amendments to the Regional Law
of 19 August 1996 n. 31 (regulation of the special tax for landfilling solid waste)”
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waste by 2020). It is important to underline that the regional WM plan has been monitored
yearly, in order to be reactive to any need that might arise from the municipalities.

Methodology

The study started with the analysis of the regional waste management plan. Here, a focus on
waste prevention program is maintained. Moreover, the LCA study which is included in the
waste management plan was also analysed.

Then, after gathering data at a municipal level, some quantitative indicators were selected and
calculated. This was complemented by a qualitative assessment, to assess technical,
environmental, economic, and institutional aspects of the regional WMS. Since specific aim is
the analysis of the evolution of the homogeneity level of performances among the
Municipalities in the region, over the time frame 2008-2018, the average and the standard
deviation of some indicators calculated at a municipal level were also assessed. Moreover, in
some cases two time frames were considered (2008-2012 and 2013-2018), to compare the
performance before and after ATERSIR was established.

As far as technical and environmental aspects are concerned, three stages of integrated WMS
were analysed: waste generation, separate waste collection and waste treatment. Within the
scope of this thesis, the indicators on waste generation are shown. Economic aspects are not
reported here.

Finally, some relevant aspects of the institutional assessment were selected and some
consequences of a regionally unified regulatory agency for the MSW management, together
with a unique regional planning were discussed. Within the scope of this thesis, the new system
of data collection is described.

Results

Analysis of waste prevention plan of the Emilia-Romagna Region

Table 11 reports a synthesis of regional waste productions as valued in the regional waste
management plan. In the “2020 plan scenario”, the total amount of urban waste which will be
generated is estimated considering a reduction of 20% and 25% of waste generated in respect
with 2011 data, and a sorted waste rate of 73% and 70%. In the “2020 no plan scenario”, the
hypothesis is a 7% reduction of waste and a 65% sorted waste collection rate.
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Table 11 - Regional waste production in 2011 and projections to 2020 in 3 different scenarios

production (ton)

2011 2020 plan | 2020 plan | 2020 no

(-20%0) (-25%) plan
Urban waste production 673 539 504 626
(kg/inhab)
Sorted waste (%) 53% 73% 70% 65%
Urban waste production 3.002.771 2.532.218 2.368.872 | 2.942.403
(ton)
Sorted urban waste 1.587.434 1.858.765 1.659.305 | 1.912.562
production (ton)
Unsorted urban waste 1.415.337 673.454 709.567 1.029.841

Another important estimation is the composition of waste in 2020. Table 12 summarises the

evaluations of the plan.

Table 12- Regional urban waste composition in 2013 and projections to 2020

Waste flow 2020 2013
Paper and cardboard 21% 20%
Green 18% 17%
Organic waste 17% 19%
Plastic 10% 11%
Other fractions of sorted waste 10% 10%
Non-recyclable materials 8% 8%
Glass 7% 6%
Wood 6% 6%
Metals 3% 3%

In the regional prevention programme, prevention activities mentioned are estimated to
contribute in 15-20% reduction of waste generation, while 10-15% reduction is due to the
introduction of pay-as-you-throw systems.
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In Table 13, the prevention measures planned in waste prevention programme of the Emilia-
Romagna Region have been related to a stage of product life and classified according to the
waste prevention activities typologies presented in the second chapter.

Table 13- Prevention measures in Emilia-Romagna prevention programme: classification.

scale distribution

large and small-scale
distribution

Reduction in the
obsolescence of
electrical and electronic
equipment

Measures Actions Product life | Typology of waste
stage prevention activities
(Nessi et al., 2013)
Sustainable design | Promotion of Eco-design | Design Development and/or
use of less-waste-
Support to research generating goods or
— services to provide a
MOHItOI'Ing of Eco given function.
innovation in Emilia-
Romagna
Large and small- Partnership with  con | Distribution | Extension of the

lifespan of durable
goods.

consumption

consumers in stores

Raise the awareness of
citizens about goods
wastage.

Raise the awareness of
citizens about goods
repair

Green Public Announcements and Consumption | Development and/or
Procurement terms of contract for use of less-waste-
green procurement in generating goods or
public bodies services to provide a
given function;
Diffusion of good .
practices in offices and Sc?r?suucrgo?icig g}e 00ds
training path P g
or services.
Sustainable Raise the awareness of | Consumption | Reduction in the

consumption of goods
or services;

Extension of the
lifespan of durable
goods.
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Wastage of goods | Reduction in the | Use Reduction in the
wastages of collective consumption of goods
catering or services;
Recovery of unsold Development and/or

use of less-waste-
goods )

generating goods or
Eco party services to provide a

given function.

Reuse Promotion  of  reuse | End of life Reuse of goods.
centres

Repairing Support  for  goods | End of life Extension of the
repairing lifespan of durable

goods.

Disposal Promotion of PAYT End of life -
systems and proper
collection methods

As it can be noticed, the correspondence is not always univocal. Furthermore, the introduction

of PAYT systems cannot be considered a proper prevention activity.

As highlighted in paragraph 2.4, traditional LCA studies of waste management generally begin

after waste generation as a system boundary. This approach is also applied in the LCA analysis

in Waste management plan of Emilia-Romagna Region.

Nevertheless, the LCA analysis of regional waste management system in 2020, as presented in

the plan, does not completely consider prevention activities. Prevention is not included in

system boundaries of the analysis; this simplification is based on the ‘‘zero burden’’
assumption, suggesting that the waste has no burdens before it becomes waste (Ekvall et al.,
2007).The prevention activities are out of the system boundaries. The LCA analysis considers
as functional unit the management of the total amount of urban waste which will be generated
in 2020. Four scenarios are studied and compared. The scenarios consider the same amount of
waste in input, but each one is characterized by different treatment activities for unsorted waste.

The sorted collection is estimated to remain the same in every scenario analysed, as well as

sorted waste treatment processes.

As prevention activities are not considered in the system boundaries, the model does not

include:

- Impact of the avoided upstream processes (raw materials extraction, material production,
product manufacture, distribution, and use) of the life cycle of waste prevented thanks to
the implementation of the waste prevention activities of type “reduction in the consumption
of goods or services”;

- Impact of the additional upstream processes that take place as a consequence of the
implementation of the waste prevention activities not of type “reduction in the consumption
of goods or services”.
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Evolution of indicators on waste generation

Emilia-Romagna presents a rather uniform socioeconomic situation, but it has a variety of
geographic, urban and WM characteristics (Passarini et al., 2011). The creation of a regional
governance made possible the grouping of similar municipalities (Figure 58): the entire
regional territory was divided into three "homogeneous areas", identified by crossing physical-
geographical factors (geomorphological elements, altimetry) with human-related factors and
WM characteristics (population density, percentage of separate collection already achieved).

w municipalities of the coastal area and capital towns of provinces
» municisalities of the mountasin area
» municipalities of the plain area

Figure 58- Classification of the Municipalities in the Emilia-Romagna Region, according to the waste
management plan

Table 14 shows the total UW and unsorted UW generation, waste generation per capita, at the
regional level, in the analysed period from 2008 to 2020. The regional legislative approach and
regulation seem to have a limited impact on the decrease of the total amount of waste
production, over the time frame analysed. The target on per capita waste production set in the
regional waste prevention plan is far to be reach. On the other hand, the regional policies and
the institutional framework led to a considerable and constant reduction of unsorted waste
production.
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Table 14 . Evolution of total urban waste production and per capita production in the Emilia-Romagna
region.

Year Urban waste Unsorted Inhabitants Per capita urban Per capita
generation urban waste waste generation  unsorted urban
[tonnes] generation [kg/inhab] waste generation
[tonnes] [kg/inhab]
2008 3.013.721 1.646.404 4.337.966 694,73 379,54
2009 2.987.477 1571.876 4.377.473% 682,47 359,08
2010 3.093.089 1.535.054 4.432.439 697,83 346,32
2011 3.002.771 1415.337 4.459.246 673,38 317,39
2012 2.893.518 1.334.030 4.471.490 647,10 298,34
2013 2.896.432 1.268.472 4.453.435 650,38 284,83
2014 2.929.953 1.223.344 4.457.115 657,37 274,47
2015 2.962.076 1.165.311 4.454.393 664,98 261,61
2016 2.969.293 1.132.866 4.457.318 666,16 254,16
2017 2.895.720 1.034.832 4.461.612 649,03 231,94
2018 3.011.354 964.693 4.471.485 673,46 215,74
2019 2.986.223 868.871 4.474.292 667,42 194,19
2020 2.844.728 791.677 4.445.549 639,9 178,08

As shown in Figure 59, per capita UW generation in Emilia-Romagna was significantly
higher than the average Italian value in all the eleven years of analysis (2008-2018).

34 The geographical area of the region changed in 2009, as 7 Municipalities were annexed from Marche region.
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Figure 59- Comparison between Italy and Emilia-Romagna region, considering per capita urban waste
generation.

The critical factors are structural and related to:

- the economic situation: the Region is one of the most economically developed and
flourishing areas in Italy. The direct correlation between waste generation and the main
economic indicators, such as gross domestic product, is well known. As shown in Figure
59, indeed, the economic crisis influenced waste production both at a national and
regional level, contributing to the decrease of the total amount of UW generated in 2009
compared to 2008, despite the annexation of 7 new Municipalities to the region.

- the categories of waste assimilated to UW: Emilia-Romagna WM is overall
characterized by a high amount of waste assimilated to UW, also due to a productive
network strongly connected to the urban one and to the plant engineering capacity
present on the territory. This made it possible to manage the assimilated waste in
complete safety and to guarantee its traceability, while containing the tariffs applied to
domestic and non-domestic users. Every Municipality can decide on the waste flows to
be assimilated to UW;

- tourist flows: in Emilia-Romagna in 2018, there were 11.458.497 visitor arrivals and
40.647.799 guests in hotels and complementary structures, with an average length of
stay of 3,55 days, mainly in the provinces of Rimini, Ravenna, and Forli-Cesena (Table
15). The values of the per capita waste generation indicator and per capita unsorted
waste generation for these Provinces are among the highest in the region (Figure 60,
Figure 61).

Table 15- Average touristic presence, grouped by Province, in 2018. Source: (Emilia-Romagna Region,
2019)

Province Average daily value of guests in hotels and complementary
structures
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Piacenza 1.476
Parma 4515
Reggio Emilia 2.317
Modena 4.434
Bologna 12.957
Ferrara 7.987
Ravenna 18.298
Forli-Cesena 15.047
Rimini 44,332
Per capita urban waste generation
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Figure 60- Trend of per capita waste generation in Emilia-Romagna and in the Provinces (2008-2018).
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Per capita unsorted waste generation
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Figure 61- Trend of unsorted waste per capita generation, in the Emilia-Romagna region, in the
provinces and in Italy (2008-2018).

Analysing data on waste generation at the municipal level, the average and the standard

deviation of per capita total waste generation, per capita sorted and unsorted waste generation

for each considered year were calculated (Figure 62).
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Avarage and standard deviation of per capita waste
generation
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Figure 62- Average and standard deviation of per capita sorted and unsorted waste generation at the
municipal level.

Even if a decrease in the average value of per capita unsorted waste and an increase in the
average value of per capita sorted waste occurred, the standard deviation did not decrease and
the performances of the Municipalities did not become more homogenous over the years of
analysis. The reasons for this can be found in the peculiarities of Municipalities, mainly in
terms of assimilation and tourist flows.

The dataset could be more homogeneous (with a lower standard deviation) considering not
only the resident inhabitants, but the parameter “Inhabitant Equivalent”, introduced by
Regional Law 16/2015 in order to make the performance of municipalities comparable in terms
of MSW production (see chapter 2) .

Moreover, the variation of per capita waste production at the municipal level was studied, over
the two above-mentioned time frames. The results show that the number of Municipalities
which recorded an increase of this indicator (negative variation in x-axis) is higher over the
second time frame than over the first one (Figure 63, Figure 64). The same results are shown
if the analysis is repeated on per capita unsorted waste generation, applying the same
methodology (Figure 65, Figure 66). Further research is needed to fully understand the reasons
behind these performances.
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Decrease of per capita waste generation 2008-2012 and per
capita waste generation 2012
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Figure 63- Variation of per capita waste generation (2008-2012) and per capita waste generation (2012),
for each Municipality in the Emilia-Romagna region (each dot represents a Municipality).

Decrease of per capita waste generation 2013-2018 and per
capita waste generation 2018
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Figure 64- Variation of per capita waste generation (2013-2018) and per capita waste generation (2018), for
each Municipality in the Emilia-Romagna region (each dot represents a Municipality).
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Decrease in per capita unsorted waste generation 2008-2012
and per capita unsorted waste generation 2012
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Figure 65- Variation of per capita unsorted waste generation (2008-2012) and per capita unsorted waste
generation (2012), for each Municipality in the Emilia-Romagna region (each dot represents a
Municipality).

Decrease in per capita unsorted waste generation 2013-2018
and per capita unsorted waste generation 2018
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Figure 66- Variation of per capita unsorted waste generation (2013-2018) and per capita unsorted waste
generation (2018), for each Municipality in the Emilia-Romagna region (each dot represents a
Municipality).
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Within the scope of this research paper, the effects of PAYT schemes on waste production
were not studied. The number of Municipalities which implemented PAYT schemes increased
from zero to 60 over the 2008-2018 decade.

Institutional assessment- System of data collection

A positive consequence of establishing a unique regional Agency is surely the higher capability
of data acquisition, harmonization, and elaboration (Biagini, 2016). On the other hand, a
process of homogenisation of information provided by waste service operators and
municipalities to the regulatory authority was required, to enable comparisons among different
providers. For this purpose, in 2012 the Regional Council Resolution 754/2012 was issued with
the aim of making available to ATERSIR a set of technical, management and economic data
describing the entire WM cycle, in a uniform manner throughout the territory and according to
fixed reporting templates over time, while avoiding as much as possible the duplication of
information required to waste operators.

Thus, the acquired information allowed ATERSIR to create the know-how necessary to
perform benchmark analyses, thus supporting the decision-making process and the adoption of
the best regulatory policies.

Conclusions

A deep analysis of prevention activities could be useful in the regional waste management
planification. Including waste prevention activities in the LCA of regional waste management
system could offer a more complete evaluation of environmental impacts, considering
substitutive good or packaging generated as additional MSW to be managed. In fact, it should
be considered that environmental benefits of waste prevention activities may not be
proportional to the amount of waste prevented (Nessi et al., 2013). Moreover, the analysis of
prevention activities should be integrated with the projections of waste composition. In these
estimations, it is recommended to consider that not all waste fractions have the same potential
for reduction. Firstly, the generation of waste may be unavoidable, or it may be difficult to
reduce the amount of waste produced, due to the design or characteristics of the goods or
products concerned. Secondly, the variety and availability of products on the market and the
pricing might discourage the use of alternative less-waste-generating products. Thirdly, the
effectiveness of waste prevention measures depends on the target waste fraction, how the
measure is applied and the response of the target agents. So, for each prevention activity, an
analysis of the impacts on the production of every waste fraction should be performed, together
with the quantification of related environmental benefits.

As far as the analysis of indicators is concerned, the results show that prevention of UW is not
completely fulfilled at the regional level, although the commitment of the region to prevention
and reuse is strong. The target on per capita waste generation set in the regional waste
prevention program was not achieved. This evidence suggests that waste prevention is a long-
term process, affected by multiple exogenous factors. Long term policies and step-by-step
improvements are required to achieve actual results. Moreover, cross-sectoral governance
within the public sector is needed: the analysis pointed out a lack of connection of CE strategies
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with other policy fields. Thanks to the transition to a regional OTA, the policies on waste
management and planning might be better integrated in policies about other topics of regional
responsibility (e.g., industrial policy, urban policy, tourism management) in a circular economy
approach. National guidelines could help in this process, leading to a more standardized policy
framework.

A focus on the transition to PAYT systems should be done by policy makers, in this framework
about prevention policies. Even though the first results from the municipalities in which PAYT
systems have been implemented suggest that per capita waste production is 10%-15% lower
than the average production in the region, the regional target on waste production (set in the
regional WM plan) is far from being achieved.

Besides the existing target at the Municipal level on separate waste collection rate, monitoring
waste production at the Municipal level could be useful to increase the awareness of the local
level on waste prevention. The parameter "Inhabitant Equivalent” might be used in order to
make comparable the different Municipalities, to provide a more detailed analysis and to
support the policy-makers.

A national multidisciplinary approach could also lead to the chance of comparing different
regions, both for analysis concerning waste production and prevention, and for economic and
financial analyses.

3.5, WASTE PREVENTION AT THE REGIONAL AND MUNICIPAL LEVEL: ASSESSMENT
OF WASTE PREVENTION ACTIVITIES AND PRIORITISATION OF INVESTMENTS

Introduction

Within the paper “A framework for sustainability assessment and prioritisation of urban waste
prevention measures” (Magrini, Degli Esposti, et al., 2021), published in the journal “Science
of the Total Environment, the framework for the assessment of waste prevention measures
already described in paragraph 2.4 was applied to the significant case of the Emilia-Romagna
Region, in Italy. The Region had a production of urban waste equal to 3.011.354 ton in 2018.
Some ongoing prevention projects implemented by Municipalities in the Region are analysed,
as replicable case study. The specific objectives are: i) to support the decision-makers in the
prioritisation of publicly funded projects, which aim at WP by acting at the consumption level,
ii) to assess the already implemented projects, in a preliminary manner, by providing insights
on their success.

Methodology

The study focuses on waste prevention as a result of changes in consumption practices and
institutions, enabled by the implementation of specific projects at the municipal level.

Since the implementation of a municipal WP program can be a complex process, requiring
important investments and the involvement of many actors, potentially belonging to the whole
supply chain of goods and services (Nessi et al., 2015), the Region established a fund to
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promote prevention and reduction of waste among the Municipalities®®. This conforms to
European Directive 851/2018, which suggests the application of economic incentives for
regional and local authorities, in particular, to promote WP and intensify separate collection
schemes (see annex [Va, titled “Examples of economic instruments and other measures to
provide incentives for the application of the waste hierarchy”). The regional fund aims at: 1)
reducing the cost of WM for the citizens of the Municipalities which achieved the best results
in reducing production of non-recyclable waste; ii) reducing the costs of changing the
collection system, to implement a pay-as-you-throw scheme; iii) financing the creation of
municipal reuse centres and municipal projects promoting reduction in waste generation. This
study focuses on the third point, analysing the projects promoting waste reduction. The regional
fund is managed by ATERSIR, the Emilia-Romagna territorial agency for water and waste
services, which defines the criteria to allocate economic resources. Starting from 2016, every
year a call for grants for the implementation of municipal waste reduction projects has been
published. Since the total cost of WM system in the Emilia-Romagna Region for the 3 years
(2016-18) was around 2.248 million €, the investments in waste reduction projects represent
around 0,05% of this value. As for now, 81 Municipalities out of 331 Municipalities have
received funds for at least one project.

Regional fund for waste prevention measures

As indicated in the Regional Law 16/2015, modified by Regional Law 16/2017, the regional
fund for waste reduction is fed by two main sources: the contribution from the municipalities
and the contribution from the Emilia-Romagna Region.

Grants received by Municipalities are up to a maximum of 80% of the amount of the eligible
expenditures, ranging from a minimum amount of €2.000 to a maximum amount of €25.000.
Eligible costs are those for the purchase of materials and consumables, services, investments
(e.g., structures, machinery, equipment) which remain in public ownership. Information,
communication, and dissemination costs are counted as eligible expenditure up to a maximum
of 10% of the remaining eligible expenditure. Table 16 shows a classification of projects for
waste reduction funded in the Emilia-Romagna region over the time frame 2016-2018,
specifying the resident inhabitants in the involved Municipalities (data referred to 2017), the
amount of grants received by Municipalities (prevision based on forecast costs), the avoided
waste flows and the percentage of the total value of grants for each category of projects.

% Regional Law 5 October 2015, N.16, “Provisions to support the circular economy, the reduction of municipal
waste production, the reuse of end-of-life assets, separate waste collection and amendments to the Regional Law
of 19 August 1996 n. 31 (regulation of the special tax for landfilling solid waste)”
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Table 16- Classification of projects for waste reduction funded in the Emilia-Romagna region over the
time frame 2016-2018. Source: personal elaboration from (ATERSIR, 2019)

Grants Percen
N° of Inhabitants received by tage of
°o
_ N° of | resident in the | Municipaliti ) the
Main ] Muni | o Avoided
) project | | involved es (prevision total
project types cipali o waste flows
S . Municipalities | based on value
ies
(2017) forecast of
costs) grants
Water Plastic (PET)
_ 18 16 145.803 381.041 € 29,3%
dispensers bottles
Plastic
cutlery,
) glasses and
Eco-parties 3 3 206.841 32.789 € ] 2,5%
plates, plastic
bottles, paper
of tablecloth
Washable Disposable
_ 5 4 236.693 45.625 € ) 3,5%
nappies nappies
Partnership
_ Food waste,
with large- )
. packaging,
scale retail 2 2 158.682 28.000 € _ 2,2%
L plastic
distribution
shoppers.
or small
Reduction in Plastic (PET)
consumption
P 11 9 303.996 122.435 € bottles, 1 g 40
of disposable plastic
goods cutlery,
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glasses, and
plates
Other
_ 12 11 425.453 142.309€ | Many flows | 10,9%
projects
Household
composting )
Organic
and 38 31 712.071 547.711 € 42,1%
_ waste
community
composting
TOTAL 89 76 1.299.910 € 100%

First stage: Selection of the project categories and verification of representativeness of the
selected projects

In the present case study, the first stage results in selecting three categories of projects: i)
installation of water dispensers in towns/cities (the so-called “water houses”), including 12
projects; ii) installation of water dispensers in schools, including 2 projects; iii) replacement of
disposable goods in school canteens, including 3 projects. The projects selected for this study
are included in the categories “water dispensers” and “reduction in consumption of disposable
goods” in Table 16. 12 out of 18 projects of drinking water dispensers installed in the town/city
were analysed, as 2 projects have been cancelled and 4 dispensers had not been activated yet
when the study was concluded. Considering the category “Reduction in consumption of
disposable goods”, 5 out of 11 projects were analysed: 2 projects for the installation of drinking
water dispensers in schools and 3 projects concerning the replacement of disposable goods in
school canteens.

Firstly, since plastic was defined as a priority waste stream both at European and regional level,
projects tackling plastic pollution has been selected. A focus on single-use plastic waste
prevention through the reduction of disposable plastic products consumption is maintained.
Over the past few years, plastic has been object of specific policies, both at European and
regional level, i.e., the EU plastic strategy (COM/2018/028), the so-called “Single-use plastic
products (SUP) Directive” (Directive 2019/904) and the related “Emilia-Romagna Regional
strategy for reducing the impact of plastics on the environment™36. Social commitment on this

3 Regional Council Resolution 11 November 2019, N. 2000. “Regional strategy for reducing the impact of
plastics on the environment”
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problem has increased as well. For example, a recent survey shows that a major part of Italian
citizens (94%) is willing to stop buying plastic bottles (European Investment Bank, 2020).
The second selection criterion verifies the feasibility of a reliable estimation of avoided waste
for project categories object of analysis. In this case, the availability of the involved
stakeholders to provide real data has been an essential condition.

Thirdly, all the selected project categories have high replicability potential, meaning that their
replication is theoretically feasible in each Municipality and each school of the Region, as they
do not have specific requirements (e.g., in terms of place, because they are implemented in
public spaces).

Additionally, potential impacts on the improvement of consumption habits have been
considered. Italy is the first Country in Europe for per capita consumption of bottled water
(BW): in 2018 the average value was 221 litres/year, while in 1980 it was only 47 litres/year
(Bevitalia, 2019). Considering packaging, in 2018, the majority consisted of single-serve
polyethylene terephthalate (PET) BW, which represents the 82% of total water consumption,
while the 16 % consists of glass bottles (Bevitalia, 2019). This implies that wide margins of
improvement exist in BW consumption habits. The same considerations are valid for single-
use tableware: in Italy, around 114.200 tonnes of single-use tableware are sold every year, used
both in big events and in public or private canteens (Eco dalle citta, 2010). In Italy, 432,3
million of meals in school canteens were consumed in 2016 (ORICON, 2017). Assuming that
half of them is served in disposable tableware whose weight is 200 g, 43.230 tonnes of waste
would be generated every year.

Finally, the representativeness of projects within each project category has to be guaranteed.
To check that, the average and the standard deviation of the population of Municipalities
implementing projects in category 1 has been calculated and compared to the average and
standard deviation of the population for all the Municipalities in the Region. Results show that
the values are acceptable. The schools involved in projects within category 2 are representative
of schools in the Region as far as the number of potential users is concerned. As a matter of
fact, the average number of scholars in each school in the Region is equal to 1024%', a value
close to the average number of students involved in the selected projects. Moreover, since a
specific group of citizens is targeted, the average usage rate can be assumed as more uniform,
with the variation of the school. On the other hand, the three projects within category 3 are
representative of a small, medium, and large school canteens, respectively.

Second stage: Impact assessment methodology and system boundary

According to the “European better regulation guidelines”®, the impact assessment (1A) process
is about gathering and analysing evidence to support policymaking as well as the advantages
and disadvantages of available solutions. Hence, the IA must compare the policy options based

37 School office of the Emilia-Romagna Region, 2020. Data on state educational institutions and students.
https://www.istruzioneer.gov.it/dati/fact-sheet/

38 European Commission, 2017. Better regulation: guidelines SWD 2017(350), Chapter 3 Guidelines on impact
assessment. https://ec.europa.eu/info/sites/info/files/better-regulation-guidelines-impact-assessment.pdf
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on their economic, social, and environmental impacts (quantified costs and benefits whenever
possible). Considering the classification of WPMs by (Nessi et al., 2013) (reported in Table 4),
the analysed projects can be included in the typology “Development and/or use of less-waste-
generating goods or services to provide a given function”, as they imply the “development
and/or use of a reusable good or of a good provided in a reusable packaging instead of a
disposable good or of a good provided in a disposable packaging”. Therefore, the substitutive
goods generated as additional MSW to be managed and the increase of impacts in the usage
phase have also been assessed, in order to include the rebound effects generated by WPMs
(Hertwich, 2005).

The same considerations are valid when other dimensions of sustainability are considered. For
this reason, the system boundaries set by the design framework are in common to
environmental, economic, and social analyses. The geographical boundaries are regional.

The system object of the analysis includes all the activities starting from the purchase of single-
use products and substitutive products to their end of life (e.g., the consumption of oil in the
production of plastic bottles and the emissions to air from the vehicles that transport single-use
bottles are not included). It should be noted that production, placement, and end of life of water
dispensers and dishwashers are out of system boundaries, such as the life cycle of preliminary
water purifying and distribution systems. Even if the projects have a multi-year life cycle, the
assessment has been limited to the first year of project life.

Table 17 shows a brief overview of the impacts evaluated, split into i) avoided impacts; ii)
impacts related to substitutive goods and additional MSW; iii) additional impact of usage stage.
Categories 1 and 2 are merged, as they are modelled in the same way.

Table 17- Impacts considered for each project category.

category analysis substitutive goods | of usage stage

and additional

Project Object of Avoided impacts Impacts related to | Additional impact

MSW
Products PET bottles Glass bottles,

Drinking ) _ .

(primary packaging, | aluminium bottles,

water

secondary and water
dispensers ) )

packaging, transport | dispensers

in

packaging)
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towns/cities

and schools

(Categories

1land 2)

Environment

Transport, waste

Transport, waste

Energy

al impacts management of management of consumption of
bottles, starting reusable bottles, drinking water
from the purchase, | starting from the dispenser.
over one year. purchase, over one Energy, detergent.
year. and water
consumption to
hand-wash reusable
bottles, over one
year.
Economic Avoided cost for the | Annual cost of Cost for annual
impacts waste management | substitutive goods | energy consumption

of disposable
bottles, over one

year.

(dispensers, glass

bottles and

aluminium bottles).

Annual cost for
additional waste

management.

of drinking water

dispenser.

Annual cost paid by
citizens for supplied

water.

Annual cost for
energy, detergent,
and water

consumption to
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wash reusable

Replacemen
t of
disposable
goods in
school

canteens

(Category

3)

bottles.
Social Included - Included
impacts
Products Disposable Multi-use

plates/glasses

plates/glasses and

dishwashers

Environment

Waste management

Waste management

Energy, detergent,

al impacts of plastic plates and | of reusable and water
glasses, starting plates/glasses, consumption to
from the starting from the wash reusable
purchasing, over purchase, over one | dishes/glasses (in
one year. year. the dishwasher).

Economic Avoided cost for the | Annual cost of Annual cost for

impacts waste management | substitutive goods | energy, detergent,

of disposable goods,

over one year.

(dishwashers,
multi-use plates
and glasses).
Annual cost for
additional waste

management.

and water
consumption to
wash reusable
dishes/glasses (in
the dishwasher).
Annual cost of

labour.
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Social Included - Included

impacts

LCA and LCC

LCA methodology has been used to evaluate environmental sustainability of waste prevention
activities, since it is a well-established methodology for this purpose (Cleary, 2010; Gentil et
al., 2011; Nessi et al., 2012).

Environmental consequences have been assessed in terms of Global Warming Potential
(GWP), according to the Intergovernmental Panel on Climate Change (IPCC) values for a 100-
year time horizon®®. The amount of carbon dioxide equivalent (CO2-eq) imputable to each
project of the selected categories (drinking water dispensers in towns/cities and schools,
replacement of disposable goods in school canteens) has been calculated, considering a time
frame of one year.

In accordance with ISO 14040 standard (ISO 14040:2006), the LCA methodology and the
impact assessment baseline performed by the Institute of Environmental Sciences of the Leiden
University (CML) in version 3.05 have been applied.

Hence, for the impact assessment phase, primary data have been provided by ATERSIR,
coming from the financing requests and the project descriptions elaborated by the
Municipalities themselves; other information has been gathered by directly contacting the
Municipalities, the water providers, the schools, or the waste collection providers involved in
the projects.

To make the assumptions on the amount of waste which would have been generated without
the WPM as plausible as possible, data about litres of water delivered have been gathered for
the first two categories of projects, while for the last one the amount of waste prevented is
foreseeable to a good approximation before the operational phase. As far as the projects of
drinking water dispensers installed in the towns/cities and in schools are concerned, the
Municipalities or the water providers and the schools have been asked for information about
litres of water delivered by each dispenser, in a specified period. Analysing the projects of
replacement of disposable goods in school canteens, the Municipalities have been asked for
information about the number of meals in one school year, the number of plastic plates and
glasses used in every meal and the weight of disposable products. Furthermore, the avoided
impacts, due to the avoided WM and transport of single-use products have been modelled by
using secondary data gathered from the Emilia-Romagna Region WM plan, as well as the WM

39 IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, Il and 111 to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri
and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp. Available at:
https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_ARS5_FINAL _full_wcover.pdf

136


https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_AR5_FINAL_full_wcover.pdf

of substitutive goods. Material composition and life expectation of reusable solutions have been
assumed by the authors in case information on that was not available in the project descriptions.
The additional impacts related to energy consumption of drinking water dispenser, and energy,
detergent, as well as water consumption to wash reusable have been modelled.

The source of data related to the impacts of transportation, energy, water, and detergent is the
“Ecoinvent 3.5” database. Further details on the assumptions can be found in the following
paragraph.

The potential environmental impacts have been evaluated using the software SimaPro® 8.
Economic impacts have been assessed by applying Life-Cycle Cost (LCC) methodology. LCC
can be considered as a useful complement to LCA. it exceeds the ordinary costs calculation of
a process, summarizing all costs associated to each phase in the whole life cycle (e.g., raw
materials and energy supply, production, use and end-of-life). The costs must be related to
money flows, i.e., investment costs, operating costs, and hidden costs (Kloepffer, 2008).

For all projects, ATERSIR have been asked for some information about investment costs
sustained by the Municipalities and about funds allocated to each project. For the first two
project categories, investment costs include the purchase and installation of water dispensers,
and potentially cost for communication campaigns (up to 10% of the total cost). Moreover,
investment cost of the second project category includes the costs for the purchase of reusable
aluminium bottles, which are provided for free to students, while for the first category of
projects, the costs related to substitutive goods have been estimated, since they are covered by
users and therefore not directly available. For the third project category, investment costs
include the purchase of dishwashers and of reusable tableware.

In the first project category, information on the cost paid by users for water supplied by the
dispensers were gathered, in order to include this cost item in the assessment.

Additional costs related to the WM of substitutive goods and to the usage phase (i.e., cost of
energy consumption of water dispensers, cost of washing reusables covered by users) have
been estimated. Avoided cost for single-use plastic (SUP) purchase have also been considered.
Moreover, reducing the quantities of waste produced means that it should be possible to reduce
the budget required for the collection, transportation, and treatment of waste products (Zorpas
et al., 2017b). Therefore, avoided cost for WM of SUP has been calculated, considering the
average cost in the Emilia-Romagna Region. Other externalities were not included in the LCC,
to avoid the risk of double counting. Further details on the assumptions can be found in the
following paragraph.

Assumption for LCA and LCC

For the first and the second project category, composition of avoided waste was estimated
according to the Environmental Product Declarations (EPD), as defined by ISO 14025,
performed by 3 Italian producers of bottled water, and assuming a sample composed of an
equal number of bottles for each producer. Table 18 shows the results. In the first project
category the assumption is that avoided waste is composed of 1,5-liter plastic bottles, while in
the second one 0,5-liter plastic bottles are considered. The avoided waste includes secondary
and tertiary packaging. In both the project categories, the energy consumption of dispensers is
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assumed to be 0,006009377 Kwh/litre: the unit value was calculated starting from the case
study reported by (Torretta, 2013) and assuming that energy consumption is proportional to the
quantity of supplied water.

For the first project category, substitutive products are 1 litre glass bottles (Table 19 provides
details about the composition). The number and the mass of glass bottles generated as
additional waste to be managed are calculated by conservatively assuming that one glass bottle
becomes waste each year by each user, considering the so-called diffusion factor (DF) (8.809
glass bottles, Table 20). The diffusion factor is defined as the percentage of
population/producers that effectively changes its consumption behaviour as a consequence of
the prevention policy (JRC, 2011); in this case, it was estimated, considering a per capita water
consumption of 221 litres/year (equal to the average national consumption of bottled water)
and starting from the number of citizens potentially involved, as ratio between inhabitants of
the Municipality and total number of water dispensers located in the Municipality. Impacts
related to transports are not considered, as it is assumed that refillable bottles are transported
to local distributors along the same distance as one-way bottles to retailers.

For the second project category, 0,75 litre aluminium bottle are assumed as substitutive
products (Table 21 provides details about the composition). The number and the mass of
aluminium bottles generated as additional waste to be managed are calculated by
conservatively assuming that one bottle becomes waste each year by each user, considering the
diffusion factor (448 aluminium bottles, Table 22). The diffusion factor was estimated
considering a per capita water consumption of 82,9 litres/school year (calculated starting from
the national average, and considering a period of 9 months, half-day), and a total number of
potential users equal to the total number of students at the school. Impacts related to transports
are not considered, as it is assumed that the purchase point of plastic bottles is inside the school,
such as the dispenser.

For the third project category, avoided waste includes disposable plates and glasses, made out
of plastic (PP). Substitutive products are reusable glasses made out of glass (200 g) and ceramic
plates (250 g) or melamine plates (100 g) (Table 23 reports the composition). Taking as
references the project description written by Municipalities, reusable glasses are assumed to be
made out of glass, while plates out of ceramic (Municipalities P and R) or melamine
(Municipality Q); they are assumed to be washed every day (175 times per year).The number
and the mass of plates/glasses generated as additional waste to be managed is calculated by
assuming that each year 2% of plates/glasses become waste (42 plates, 6 glasses, Table 24).
The diffusion factor is 100% for each project. It should be noted that impacts for transport are
not included, as reliable data about the distances to the purchasing point are not available in
the project descriptions provided by Municipalities.

To assess the consumptions related to hand-washing and to the use of dishwashers, the report
by (ICF & Eunomia, 2018) is taken as main reference: for the first two categories of project,
the hypothesis is that bottles are hand-washed, while for the third category the use of a
professional dishwasher (under-counter, one-tank) is assumed (Table 25). For the first category
of project, the impact for hand washing of bottles are estimated assuming that each user has 9
glass bottles (Nessi et al., 2012) and washes them weekly (52 times per year); for the second
category it is assumed that each user washes his aluminium bottle weekly.
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Details on the impact assessment of waste management are reported in Table 26, Table 27 and
Table 28.

Savings for citizens for the avoided purchase of bottled water are assessed. In the first project
a price of 0,22 €/litre for BW is assumed*’, while in the second category a price of 0,15 €/bottle
for 0,5-liter BW is considered (Table 29). The cost of a glass bottle is assumed to be 1 € (Table
19), while the cost of substitutive good (aluminium bottles) has already been included in project
cost reported by Municipalities (second category of projects), as Municipality N reported 6.710
€ for the purchase of 1.100 aluminium bottles, while Municipality O reported 4.575 € for the
purchase of 750 aluminium bottles. In the first category, the cost for supplied water was
calculated, by considering the actual price in each Municipality. As far as the second category
IS concerned, given that water is supplied for free to students, this cost is not included.

As reported in Table 25, the unit cost for water and detergent are 0,004 €/1 and 0,004 €/g
respectively (ICF & Eunomia, 2018), while the average Italian cost of electricity in the second
semester 2019 reported by Eurostat is accounted, considering the cost for household consumers
(0,2427, from: (Eurostat, 2020a)) and for non-household consumers (0,0930, from: Eurostat
(Eurostat, 2020b)). The cost of labour is considered only for the third category of projects
(Table 25).

Avoided cost for waste management is calculated by assuming that the average cost to manage
one tonne of urban waste in the Emilia-Romagna region is 276 €/ton (ARPAE, 2020). The
items of costs related to dispenser maintenance, filters replacement, carbonation system, UV
lamps replacement, automatic sanitizing, are not included.

Considering the third project category, costs of substitutive goods (dishwashers, multi-use
plates and glasses) are included in the costs reported by Municipalities. Savings for citizens are
estimated assuming that the purchase of single-use plastic tableware is avoided, considering a
time frame of one year. The price of one plastic dish is assumed to be 0,04€, while the price of
one plastic glass is 0,012 € (Table 29).

40 Mineracqua, 2017. Mineral water in Italy. Data from IRI, ACNielsen — Retail, 2017.
https://www.camera.it/application/xmanager/projects/leg18/attachments/upload_file_doc_acquisiti/pdfs/000/000
[752/Memoria_Mineracqua_1.pdf
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Table 18- Composition of packaging for plastic bottles. Source: Cerelia*'; Ferrarelle®?; Lete®.

Per 0,5 | bottles Per 1,5 litre bottles

PET [kg] 0,01409066 | 50,50% 0,0282605 44 50%
7

HDPE [kg] 0,00188066 | 6,740% 0,0019005 2,993%
7

PP [kg] 0,0011 3,942% 0,0009045 1,424%

glue [kg] 2,71667E- 0,097% 0,00002625 0,041%
05

paper [Kkg] 0,000902 3,233% 0,0018955 2,985%

paper/PET [kg] |- 0% 0,0004 0,630%

PE [kg] 0,00061066 | 2,189% 0,001464 2,305%
7

LDPE [kg] 0,00044666 | 1,601% 0,00267 4,205%
7

cardboard [kg] 0,00101366 | 3,633% 0,0020905 3,292%
7

wood [kg] 0,00782966 | 28,062% 0,023889 37,620%
7

ribbon [kg] 1,66667E- 0,001% 0,0000005 0,001%

41 Cerelia, 2019. Dichiarazione Ambientale di prodotto dell’acqua Minerale Naturale Cerelia imbottigliata in
PET 0,51, Pet 1,51, vetro a perdere 1l
https://gryphon4.environdec.com/system/data/files/6/16315/S-P-

00123%20Cerelia%20Mineral%20Water%20(lItalian%20with%20English%20summary)%202019%20-

%20with%20Certiquality%20stamp.pdf

42 Ferrarelle, 2019. Environmental Product Declaration of Ferrarelle Mineral Water
https://gryphon4.environdec.com/system/data/files/6/17854/S-P-
00281%20EPD%20(English%20version)%202020.pdf

43 ete, 2018. Environmental Product Declaration- MINERAL WATER natural sparkling Lete (PET 0,5 liters -
1,5 liters) and natural Sorgesana (PET 2,0 liters) https://gryphon4.environdec.com/system/data/files/6/8901/S-P-
00394%20Mineral%20water%20L ete%20and%20Sorgesana%20(English%20version).pdf
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07

Total Weight | 0,02790133 | 100% 0,06350125 100%
[ka] 3

Table 19- Composition and price of glass bottles. Sources:(Nessi et al., 2012, 2015; Rethink plastic
alliance, 2019); IKEA*)

Per 1 | glass bottle
Glass [kg] 0,475 99,633%
Aluminium [kg] 0,00175 0,367%
Total Weight [kg] 0,47675 100%
Cost [€] 1

Table 20- Additional waste from reusable glass bottles, by Municipality

Municipality Users Number of Glass waste | Aluminium waste

glass bottles [kglyear] [kglyear]

wasted each

year per user
Municipality A 288 1 136,83 0,50
Municipality B1 2363 1 1122,58 414
Municipality B2 1579 1 749,83 2,76
Municipality C 531 1 252,22 0,93
Municipality D 292 1 138,70 0,51
Municipality E 162 1 76,91 0,28

4 |KEA, 2020. Glass bottle https://www.ikea.com/it/it/p/korken-bottiglia-con-tappo-vetro-trasparente-
30213552/
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Municipality F 1204 1 572,12 2,11
Municipality G 121 1 57,47 0,21
Municipality H 392 1 186,40 0,69
Municipality 1 160 1 76,10 0,28
Municipality L 539 1 256,23 0,94
Municipality M 1177 1 559,11 2,06
Total 8.809 - 4184,50 15,42
Table 21 - Composition of aluminium bottles. Source: Decathlon*
Per 0,75 I bottle

Aluminium [kg] 0,101 88,60%

Styrene Ethylene Butadiene Styrene | 0,0065 5,70%

(SEBS) [kg]

Polypropylene (PP) [kg] 0,0065 5,70%

Total Weight [kg] 0,114 100%

Table 22- Additional waste from reusable aluminium bottles, by Municipality
Municipalit Users Number of | Aluminium | SEBS waste PP waste
y aluminium waste [kglyear] [kglyear]
bottles [kglyear]
wasted each
year per
user
Municipality | 285,698432 1 28,8555416 | 1,85703981 | 1,85703981

45 https://www.decathlon.co.uk/100-alu-bottle-075l-grey-id_8398382.html
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N
Municipality | 162,217129 1 16,38393 1,05441134 | 1,05441134
0]
Total 448 - 45,239 2,911 2,911
Table 23- Composition of reusable glasses and dishes. Source: IKEA*; Girodmedical*’.
Weight [kg] Material
Reusable glass 0,200 Glass
Reusable dish 0,250 Ceramic
Reusable dish 0,100 Melamine
Table 24- Additional waste from reusable glasses and dishes, by Municipalit
Municipali | Number of | Number of | Number of | Number of | Cerami | Melami | Glass
ty reusable reusable reusable reusable Cc waste ne waste
plates glasses plates glasses [kglyear | waste | [kglyear
which which ] [kglyear ]
become become ]
waste per waste per
year year
Municipalit 1284 0 25,68 0 6,42 - -
yP
Municipalit 690 230 13,8 4,6 - 1,38 0,92
yQ
Municipalit 144 72 2,88 1,44 0,72 - 0,288
yR

4 |KEA, 2020. Ceramic plate https://www.ikea.com/it/it/p/ikea-365-piatto-bianco-30279675/

47 Girodmedical, 2020. Melemine plate. https://www.girodmedical.it/piatto-in-
melamina.html?gclid=CjwKCAjwsan5BRAOEiwALzomXyrIHNnBoqyQPGcRI2dnub1WvxPN__ XZdbL -

px2i0eOPdXS_rR1cRoCQGQQAVD_BwWE
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Total

2118 302

42,36 6,04

7,14 1,38

1,208

Table 25- Summary of input units, by washing process. Source: (Eurostat, 2020a, 2020b; ICF & Eunomia,
2018; Oko-Institut e.V. Institute for Applied Ecology et al., 2011)

Handwashing (project

Professional dishwasher

per year

categories 1 and 2) (project category 3)
Pieces per cycle 140 100
Energy [kwh/cycle] 2,5 2,21
Water [l/cycle] 103 23,49
Detergent [g/cycle] 206 79,12
Time [work hours] - 1,3
Number of washing cycles 52 175

Cost of energy [€/kwh]

For household consumers: 0,1427 (Italy, 2019 S2, from:
(Eurostat, 2020a)

For non-household consumers: 0,0930 (Italy, 2019 S2,
from: (Eurostat, 2020b)

Cost of water [€/]] 0,004
Cost of detergent [€/g] 0,004
Cost of labour [€/h] 10

Table 26- Projects of drinking water dispensers in towns/cities - Impact assessment of waste management

Waste Transport
Amount . . Source
managemen distance Description | Lorry type
[kglyear] process
t [km]
Plastic 45689.19 185 The transport | Transport, Ecoinvent
Paper and 569269 290 distances fre?:gSht,7I05rry database 3.5
cardboard were ~ oD
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Wood 31006.11 200
Unsortable 34.07 35

waste

Glass 4184.27 140
Aluminium 15.42 140

calculated
according to
the
hypothesis
on waste
management
plan in
Emilia-
Romagna
Region

metric ton,
EURO5

Table 27- Projects of dispensers in schools - Impact assessment of waste management

Waste Amount | Transport Description Lorry type Source
managemen | [kg/year | distance process
t ] [km]
Plastic 1349.20 | 185 The transport Transport, Ecoinvent
Paper and distances were freight, lorry 3,5 | database 3.5
142,26 | 220 )
cardboard calculated - 7,5 metric ton,
Wood 581.45 | 220 according to the | EURO 5
Unsortable hypothesis on
2.02 35
waste management
Glass 45.23 140 plan in Emilia-
Romagna
Region

Table 28- Projects of replacement of disposable goods in school canteens -

Impact assessment of waste

management

Waste Amount Transport Description Lorry type Source

managemen | [kg/year] distance process
t [km]

Plastic 3879.00 185 The transport Transport, Ecoinvent
Wood 7.14 35 distances were | freight, database 3.5
Unsortable 1.38 35 calculated lorry 3,5 -
waste according to 7,5 metric
Glass 2.42 141 the hypothesis
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Ceramic 7.14 35 of the waste ton, EURO
Resin 1.38 35 management 5
plan in Emilia-
Romagna
Region
Table 29- Price of disposable products.
Unit price

Bottled water

0,22 €/litre for 1,5-liter bottles
0,15 €/bottle for 0,5-liter bottles

Plastic glass

0,012 €

Plastic dish

0,04 €
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Third stage: Social impact assessment methodology

Given the availability of information, the social analysis has been carried out by category of
project (water dispensers in towns/cities, water dispensers in schools and replacement of
disposable products in school canteens) and not for each single project.

For the design of the social impact analysis, the “Product Social Assessment Methodology
Report 2018 (Goedkoop et al., 2018) has been used as inspiration as it is in consonance with
the SDGs, agreed upon by 193 Countries in 2015. The Product Social Impact Assessment
method described in the manual includes four key parameters: i) stakeholder groups (small
entrepreneurs, workers, users, and local communities); ii) social topics; iii) performance
indicators; iv) reference scales to assess the impact. Social topics for users and related
indicators are of interest to the authors because the stakeholder group considered in the study
are the users, i.e., the citizens, who benefit from the use of the infrastructures installed thanks
to these projects. All citizens are potential users of projects implemented within category 1,
while projects within categories 2 and 3 target specific users, i.e., the students at the involved
schools. Thus, the indirect effects on other stakeholders associated with the consumption
reduced/induced by the different projects have not been analysed.

Hence, social sustainability has been evaluated based on the following social topics: health,
safety, responsible communication, privacy, inclusiveness, effectiveness, and comfort. One
indicator per topic was evaluated, using reference scale with relative scores (from -2 to +2).
“Health” indicator is meant to assess the extent to which the project maintains or improves the
health status of the users. “Safety” indicator considers the extent to which the project maintains
or improves safety of the users. “Responsible communication™ assesses the extent to which
transparency enables users to make informed choices. The fourth indicator concerns the extent
to which a project respects and protects users” privacy. “Inclusiveness” is defined as the extent
to which the project affects affordability and accessibility of products or services to different
groups of people (e.g., disabled persons, the elderly, persons with low income). Finally,
“effectiveness and comfort” of projects aims to evaluate the extent to which the projects affect
the efficiency and comfort of users.

Fourth stage: Waste prevention observation, identification, and selection of indicators

In collaboration with ATERSIR, some indicators to perform the analysis have been identified,
starting from the results of the environmental, economic, and social assessment. The focus was
not on the monitoring of every single project, but on the analysis of the project categories, in
order to assign priority order for future allocation.

As far as the environmental aspect is concerned, some waste reduction indicators have been
assessed, as well as some impact indicators, which stem from the LCA assessment. Waste
reduction indicators always include the estimations of additional waste from substitutive goods.
Besides indicators assessing the total avoided waste and total avoided CO2-eq emissions, the
indicators “per capita avoided waste” and “per capita avoided CO2-eq emissions” have been
calculated, by applying two different methodologies for the estimation of users. The first one
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considers the diffusion factor (DF), defined as the percentage of population/producers that
effectively changes its consumption behaviour as a consequence of the prevention policy (JRC,
2011), while the second one considers all the potential users. The indicators calculated with the
first methodology are part of the final set of indicators, as they are more representative of
reality. Moreover, they are constant within each project category.

As far as the economic aspect is concerned, the economic impact resulting from the LCC
assessment has been parametrized to avoided waste and avoided CO,-eq emissions. Moreover,
a comparison between the funds allocated by ATERSIR and the economic impact has been
performed, together with an analysis of the grant received by each project in function of the
avoided waste. Nevertheless, the indicators referring to the grant have been excluded from the
final set, to guarantee the objectivity of the analysis. As the decision on the fund’s allocation
is notified by ATERSIR to the Municipalities after the start of projects, it is assumed that the
economic efficiency is not influenced by the grant amount. Moreover, the payback period of
each investment has been calculated, considering all the additional and avoided costs for the
society: this indicator has not been included in the final set, because the time required to recoup
the funds expended is not considered relevant.

The indicators finally selected include five environmental indicators, three economic indicators
and one social indicator. In particular, the environmental indicators encompass two waste
reduction indicators: 1) “Avoided waste” [kg/year] and ii) “Per capita avoided waste,
considering DF” [kg/(user year)], and three LCA indicators: i) “Total avoided CO2-eq
emissions”’[kg CO2-eq/year], ii) “Per capita avoided CO2-eq emissions, considering DF”’[kg
CO2-eq /(user year)], and iii) “Avoided CO2-eq emissions per avoided waste” ”’[kg CO2-eq /(kg
year)]. They are complemented by three economic indicators: 1) “Economic impact” [€], ii)
“Economic impact per avoided waste” [€/(kg year)] and iii) “Economic impact per avoided
CO»-eq emissions” [€/kg CO2-eq], and one social indicator, the sustainability assessment score
resulting from the social impact assessment. While some indicators can only be calculated by
experts or researchers (e.g., LCA indicators, economic impact per avoided CO-eq), the waste
reduction indicators as well as the social indicator do not require the same experience. Hence,
the local administrators might be always able to evaluate the majority of the indicators.

Fifth and sixth stages: Normalisation and definition of the priority order

This normalization step is usually regarded as a sensible matter which requires careful
judgement based on experience (Rigamonti et al., 2016; Wilson et al., 2015). Following
(Fernandez-Brafia et al., 2019), for the sake of simplicity, in this analysis it was decided to give
the same weight to each indicator as a first assessment, leaving the question of a more accurate
weighing procedure for future studies. The following mathematical formulae were applied to
calculate the final score of each project category:

indijp

NO) malised value- in — o3 ..
ljp 3 :
J E} 1lndijp
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n .
Yi=1 Normalised valuejjy

Average of normalised valuej, = ~

Z%zl Average of normalised valuej,
3

Total score; =

Where:

J represents the project category (from 1 to 3, indicating installation of water dispensers in
towns/cities, installation of water dispensers in schools, replacement of disposable goods in
school canteens); p represents the sustainability pillar (from 1 to 3, indicating environment,
economic and social aspects); ind;j, is an effectiveness and/or efficiency indicator i, for the
project category j, referred to the sustainability aspect p.

As final result, a priority order for the analysed project categories is extrapolated.

Results
Results of the environmental, economic, and social impact assessment

Detailed results are reported in Appendix.

Summarised results

Table 30 shows a comparison of the total impacts related to the drinking water dispensers in
towns/cities, drinking water dispensers in schools and replacement of disposable goods in
school canteens, considering environmental, economic, and social aspects.

Table 30- Results of 1A. Total impacts for each project category.

Drinking
water
dispensers in

towns/cities

Drinking water
dispensers in

schools

Replacement of
disposable
goods in school

canteens

Environmental items

Environmental impacts [kg CO2-eq.]

Avoided waste management

-109.000

-3.090

-14.800
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Additional waste management 429 189 139
Additional energy consumption for 39.500 266 3.890
washing reusables and for water
dispensers
Additional water and detergent 35.500 233 2.160
consumptions for washing
reusables
Total environmental impact -33.571 -2.402 -8.611
Cost items Economic impacts [€]
Total cost of the project 357.655 37.931 57.259
Cost paid by users (water 22.520 - -
dispensers)
Cost of energy consumption (water 1.088 21 -
dispensers)
Cost of substitutive goods 79.286 (included in cost -
of the project)
Cost of washing reusables 46.904,56 265 57.664
Additional cost for WM 1.159 14 2,68
Avoided cost for SUP purchase -428.316 -11.139 -11.381
Avoided cost for SUP WM -22.747 -572 -1.070
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Total economic impact 57.548 26.520 102.474

Social topics and indicators Score

Health 1 1 1

Safety 1 1 0

Responsible Communication 2 2 2

Privacy 0 0 0

Inclusiveness 2 1 0

Effectiveness and Comfort 0 1 2

As far as environmental impacts are concerned, interestingly no significant differences can be
found between the three categories: the avoided impacts associated with the use of disposable
goods overcome the impacts related to the additional WM and the additional consumption of
energy, water, and detergent, resulting in an overall negative environmental impact. Therefore,
the additional energy consumption item has the highest environmental impact.

From an economic perspective, the investment cost is the highest cost item for the categories
1 and 2, while for category 3 the cost for washing reusables is the most significant one.
Consequently, for categories 1 and 2 the economic impact is lower than the total cost of the
projects, while for category 3 this does not happen. As far as avoided costs are concerned, for
all the categories the avoided expense for SUP purchase is the most relevant economic benefit.
The social impact assessment has resulted from evaluations made by the authors. In three out
of six social topics, each project category gets the same score. The third project category has
no impact on safety and on inclusiveness, while the first two categories have a positive impact
on these topics, since they offer an essential goods, in a safe manner and at very low costs.
Moreover, the effectiveness of the second and third project categories is increased by the fact
that they are implemented in schools, given that education plays an important role in generating
the awareness essential to effectively promote WPMs.

Effectiveness and efficiency indicators

As far as the environmental aspects are concerned, the waste reduction indicators (i.e., the
average per project avoided waste and the average per capita avoided waste) for each project
category are shown in Figure 67. LCA indicators, i.e., the average values of both total
environmental impact and per inhabitant impact in terms of avoided CO2-eq emissions for each
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category, are shown in Figure 68, together with the avoided CO2-eq emissions per kg of
avoided waste. This last indicator links the two classes of indicators.

Average avoided waste and average per capita avoided

waste
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Figure 67- Average values of environmental indicators in terms of avoided waste for each project
category
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Figure 68- Average values of environmental indicators (in terms of avoided CO2-eq emissions) for each
project category

More detailed results are presented in the following figures:Figure 69, Figure 70, Figure 71
depict annual values and per capita values of avoided waste for each project, for the three
categories, respectively; Figure 72, Figure 73, Figure 74 show the results of per capita CO2-eq
emissions for all projects, for the three categories, respectively.
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Avoided waste and per capita avoided waste-category 1
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Figure 69- Projects of drinking water dispensers- Avoided waste and per capita avoided waste by

Municipality
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Avoided waste and per capita avoided waste-
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Figure 70- Projects of drinking water dispensers in schools- Avoided waste and per capita avoided waste
by Municipality
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Avoided waste and per capita avoided waste-category 3
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Figure 71- Projects of disposable goods in school canteens- Avoided waste and per capita avoided waste
by Municipality
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Per capita avoided CO2 emissions-category 1
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Figure 72- Projects of drinking water dispensers- Per capita avoided CO2 equivalent emissions per year,
by Municipality
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Figure 73- Projects of drinking water dispensers in schools- Per capita avoided CO2 equivalent emissions
per year, by Municipality
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Per capita avoided CO2 emissions-category 3

18.00
16.00 S

14.00 o
12.00
10.00

8.00

6.00

4.00

2.00

Avoided CO2-eq [kgCO2-eq/inhab]

0.00
P Q R

Municipality

Figure 74- Projects of disposable goods in school canteens- Per capita avoided CO2 equivalent emissions
per year, by Municipality

On the base of waste reduction indicators, the first category (water dispensers in towns/cities)
is the most effective one in terms of WP: the total annual amount of avoided waste is around
six times bigger if compared to the same indicator for categories 2 and 3. Nevertheless, per
capita avoided waste is higher for category 3 (replacement of disposable goods in school
canteens): this is due to the fact that in this case the diffusion factor is equal to 100%, as the
application of this prevention measure does not depend on consumer choices. The same
consideration is valid as far as per capita avoided CO2-eq emissions are concerned. Hence, the
category 3 has the least per capita environmental impacts, in terms of CO2-eq emissions. The
third category performs better than the others also in: i) the average value of total avoided CO»-
eq emissions since it reaches a value slightly higher than the first category; ii) the amount of
avoided CO2-eq emissions per kg of avoided waste.

It should be considered that waste reduction indicators and LCA indicators do not result in the
same ranking of project categories, both taking into account the total and the per capita
indicators. Thus, it was decided to maintain a double focus by selecting indicators of both
classes, in order to mirror the targets set by legislation.

As far as the economic aspects are concerned, Figure 75 shows the average indicators for each
category.
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Average economic indicators
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Figure 75- Average values of economic indicators for each project category

Figure 76, Figure 77, Figure 78 show a comparison between grants and economic impacts, for
each project, for the three categories, respectively.
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Figure 77- Projects of drinking water dispensers in schools- Comparison between grant and economic
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Figure 78- Projects of disposable goods in school canteens- Comparison between grant and economic
impact by Municipality

Figure 79, Figure 80, Figure 81 show the results cost per avoided waste, for all projects, for the
three categories, respectively.
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Figure 79- Projects of drinking water dispensers- Cost per avoided waste, by Municipality
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Figure 80- Projects of drinking water dispensers in schools- Cost per avoided waste, by Municipality
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Figure 81- Projects of disposable goods in school canteens- Cost per avoided waste, by Municipality

Figure 82, Figure 83, Figure 84 show the cost per avoided CO»-eq, for all projects, for the three
categories, respectively.
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Figure 82- Projects of drinking water dispensers - Cost per avoided CO2-eq emission, by Municipality
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Figure 83- Projects of drinking water dispensers in schools - Cost per avoided CO2-eq emission, by
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Figure 84- Projects of disposable goods in school canteens - Cost per avoided CO2-eq emission, by
Municipality

Overall, these results indicate that the third category of project reports in the first year an
average economic impact which is much higher than the grant received by ATERSIR: the
reason can be found in the high value of operating costs associated to dishwashing of reusable
dishes/glasses. The opposite can be said of the first category: in this case, the cost item “Savings
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for citizens for not buying BW” has a big relevance: thus, the grant received by ATERSIR
covers just a small portion of the economic impact in the first year.

The third category has the highest cost per kg of avoided waste, resulting in a value almost
seven times bigger than category 1. The gap between categories decreases when the cost per
avoided CO»-eq emissions is assessed.

Finally, the payback period was calculated: Table 31 reports the pay-back period, for the three
categories, respectively.

Table 31- Pay-back period

Project category Pay-back period [years]
Drinking water dispensers 2,45
Drinking water dispensers in schools 3,49

Replacement of disposable goods in -
school canteens

It should be noticed that the first 2 categories of projects have a pay-back period, while the
third category prove to be not profitable. Waste prevention activities are a real example of
application of the precautionary principle, as defined in the § 15 of the “Report of the United
Nations Conference on Environment and Development”, where it is stated: “lack of full
scientific certainty shall not be used as a reason for postponing cost-effective measures to
prevent environmental degradation” ((United Nations, 1993), p. 3). The burden of proof must
lie with the rebuttal of the presumption of dangerousness and not vice versa. This is not only
a matter of intergenerational equity but also of taking into account the fact that those who
accept the risk are not always the sole bearers of the risk (Moller et al., 2021).

Selected indicators and comparison of project categories

The three types of projects (water dispensers in towns/cities, water dispensers in schools and
reduction in consumption of disposable products) have been compared, for each aspect
analysed (environmental, economic, and social), by assessing the average value of selected
indicators. Hence, the results are shown in Table 32.
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Table 32- Comparison of average values of the selected indicators, for each project cate

ory.

Project Num| Environmental analysis Economic analysis Social analysis
category ber —
of Averag | Average |Averag |Average Average | Average |Average Average Sustainability
proj e «Avoide e «Per |«Per capita | «<Avoided | «Economi [«Economic [«Economic assessment score
ects «Avoid | d COzq |[capita |avoided CO2eq per | cimpact» [impact per [impact per
ed emission |avoided|COzeq avoided [€] avoided avoided COzeq
waste» | s»[kg  |waste, [considering | waste» waste» emissions »
[kglyea | COzeqlye |conside DF» [kg [kg [€/kg]
] ar] ring  |COzq/user] | COza/kg] [€/kg COzeq]
DF»
[kg/use
r]
\Water 12 | 6.518 -2.798 8,877 |-3,79 -0,429 4.796 5,77 13,45 6
dispenser in
towns/cities
Water 2 1.011 -1.201 4,436 |-5,29 -1,189 13.260 14,07 11,83 6
dispenser in
schools
Replacement 3 1.290 -2.870 5,162 |-12,08 -2,300 34.158 35,15 15 5

of disposable
goods in
school
canteens
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Each indicator was normalized (Table 33).

Table 33- Normalized values of the indicators

Environmental analysis Economic analysis Social
analysis
Project Number| Avera | Avera |AveragelAverage | Avera | Averag [Avera |Averag |Sustaina
category of ge ge «Per  |«Per ge e ge e bility
projects| «Avoi | «Avoi [capita |capita | «Avoi | «Econo [«Econ|«Econo |assessme
ded ded avoided |avoided | ded mic omic |mic nt score
waste | COzyq [waste, |COzq | CO2q |impact |impac|impact
» emissi |considericonsider | per » €] t per |per
[kg/ye | ons» |ing DF» |ing DF» | avoid avoidejavoided
ar] [kg [kg/user ed d COz2eq
COved/ [kg o
2eq/ ] COmalUs waste waste |emissio
year] 4 » [kg » ns »
er] COzq [€/kg] |[€/kg
/kg] COZeq]
Water 12 | 0,7391 | 0,4072 |0,48048|0,179112| 0,109 | 0,6657 | 0,63 | 0,329 |0,352941
dispenser 77 82 7 495 5 5225 | 749
\Water 2 0,1145 | 0,1748 |0,24010| 0,25 | 0,303 | 0,2407 | 0,26 | 0,374 (0,352941
dispenser in 89 46 8 471 81 0501 | 652
schools
Replacement 3 0,1462 | 0,4178 |0,27940(0,570888| 0,587 | 0,0934 | 0,10 | 0,295 (0,294118
of disposable 34 73 5 034 69 4274 | 598
goods in
school
canteens

Then, the average value for each aspect was calculated. Table 34 shows the results: the total
score for each project category is calculated as the average of the scores in each sustainability

pillar.

Table 34- Final results

Project
category

Environmental
analysis

Economic

analysis

Social analysis

Total score
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Water dispenser
in towns/cities | 0,383 0,544 0,353 0,4265

Water dispenser
in schools 0,217 0,292 0,353 0,2872

Replacement of
disposable

goods in school
canteens 0,400 0,164 0,294 0,2863

The total score is a result of the environmental, economic, and social contributions. The water
dispenser project category whose total score is 0,4265 ranks first, resulting the best one,
whereas the water dispenser in schools and the replacement of disposable goods in school
canteens get an approximately equal total score.

Discussion and considerations

The application of the designed framework to the case study allowed the comparison of three
different categories of project. The first two categories (i.e., water dispensers in towns/cities,
water dispensers in schools) aim to promote sustainable consumption practices. With a strategy
of de-commoditization, they both pursue at decreasing the influence of goods and products
and, more generally, of the market institution in the way in which people satisfy their needs
and desires (Boulanger, 2010). The third measure (the replacement of disposable goods in
school canteens) represents a procurement decision made by the public sector.

The criteria of selection guarantee the comparability of the different project categories and the
reliability of the result. The analysis is also strongly supported by the effectiveness and
efficiency indicators, selected in collaboration with the public decision-maker.

As preliminary evaluation after one-year from the project start date, the total amount of avoided
waste thanks to the implementation of the 17 analysed projects has been estimated as
approximately equal to 88 tons: this accounts for the 0,03% of the total plastic waste production
in the Region in 2018 (ARPAE, 2020). Even if this value seems low, it should not be neglected
that only few projects, demanding limited economic resources, have been analysed: the
investment cost for the implementation of these projects is equal to the 0,873 % of the WM
cost paid by the involved Municipalities in 2018. Thus, increasing the investments for WP
might allow to unlock the high potential of replicability of the selected projects.

Considering the impact assessment phase, the geographical boundaries of the system coincide
to the regional ones: this implies that the analysis is limited to the purchase, the use, and the
WM of avoided single-use products and related substitutive goods. Furthermore, another
limitation of the analysis is the fact that only projects in an initial stage of their life-cycle are
considered. An evaluation of success in the long-term could benefit, as it is crucial that WP
behaviour are sustained beyond cessation of the active campaign (Cox et al., 2010). Moreover,
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it should be considered that the unsuccessful projects were excluded from the analysis. Further
research might investigate the reasons of their failure, to develop a learning process.

A careful analysis of the single projects can be the starting point to identify the success factors
within each project category. For example, within the first project category, the smallest
Municipality is the one that achieves the best performance in terms of per capita avoided
impacts: a more detailed analysis of the specific characteristics of each Municipality should be
performed to understand if the Municipality size has indeed influence on the success of this
kind of projects.

Thus, future research might focus on an accurate assessment of the impacts of every single WP
project, in a particular geographical context, with a lower number of assumptions. Furthermore,
a sensitivity analysis might be performed. Economic analysis might also be enlarged, by
considering the monetization of externalities. Moreover, the social assessment might be
performed at project level, allowing a more detailed analysis of impacts (e.g., water quality can
vary from a Municipality to another), on a larger number of stakeholders.

To effectively allocate financial resources, the results of this study should be integrated with
an analysis of waste generation patterns in the regional territory, in order to promote and
implement WPMs where per capita waste generation and/or littering rate (if available, both
limited to the waste stream tackled by the WPMs) are high. Moreover, the framework should
be applied to projects which target other waste streams: the comparison of the results can
provide policy and decision-makers with a more complete picture.

The Emilia-Romagna Region has not implemented a specific monitoring system for prevention
activities yet. The annual monitoring of WM plan does not evaluate the success of waste
prevention activities, but it only considers the quantity of waste generated. Indeed, the LCA
study of regional WM plan considers WP only for the definition of the functional unit, as waste
in input (Magrini & Bonoli, 2019). The monitoring system should oversee WPMs implemented
in the territory, not only at the consumption level, but also at other stages of the value chain,
promoting synergies to pursue strategic waste prevention.

If the monitoring activity is complemented by an improvement of coordination and networking
of individual projects, good practices could spread and learning effects regarding innovation
approaches could realize (Wilts et al., 2013). Additionally, benchmarking between different
spatial entities motivates local actors to invest more time, effort, and responsibility in the
objectives (OECD, 2004; Wilts, 2012).

Furthermore, the analysis of the indicators assessing the average environmental impact (both
in terms of amount of avoided waste and in terms of avoided CO2-eq emissions) and the
economic impact might be useful in planning activities, as in the definition of a waste
prevention program or in making projection about waste composition in the future years.

On the one hand, the indicators can provide a benchmark value for ATERSIR, in the phase of
screening of the funding requests, in order to validate the projections on waste reduction and
the economic estimations made by Municipalities; on the other hand, they might be useful for
Municipalities, for an ex-ante assessment of the environmental and economic benefits related
to specific WPMs.

Moreover, social impact assessment helps in evaluating the achievement of long-term
sustainability goals: education and knowledge are considered to be one of the most powerful,
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well-known, and proven drivers for sustainable development and behavioural change must be
done starting from young ages to move the agenda forward on prevention (Zorpas et al., 2017a).
The analysis indicated that till now few Municipalities of the region have presented fund
requests for the implementation of WPMs: an improved institutional framework might help the
Municipalities in overcoming barriers to the identification and implementation of WPMs.
Financial incentives offered by the region can cover the investment costs for the
implementation of WPMs. Nevertheless, in some cases, the need for additional longer-term
incentives arises, in view of the high operating costs (e.g., category 3).

As far as the participation of citizens is concerned, it should be noticed that the first category
of project has an average DF equal to 13%, while the second category scores 24%. Certainly,
there can be several different drivers to determine the social approval of a WP action. In
promoting the participation of citizens, it should be considered that citizens all over the world,
regardless of what category their countries are (low or high incomes), need motivation (mainly
less taxes or to receive extra money somehow) to react to anything and specially to participate
in environmental performances actions (Zorpas et al., 2017b). As example, in case of project
category 1, the price for water supply paid by users can influence the success of these projects.
Moreover, as barriers to engaging householders include both modern consumer culture and a
genuine confusion that WP is equivalent to recycling (Cox et al., 2010), communication
campaigns are fundamental.

Conclusions

The framework designed by authors was tested on three categories of projects: as case study,
the impacts of 17 projects already ongoing in the Emilia-Romagna Region were assessed. As
outcome, a priority order for future allocation of financial resources can be defined. Moreover,
the contribution of WPMs to the achievement of waste prevention targets and sustainable
development is quantified.

Besides these subsides offered by the region to support the initial investment, more radical
and long-term measures might generate more durable effects. Moreover, the political
institutions should invest in implementing a specific monitoring system, also able to reveal
potential integration of WP strategies with other policy areas.
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3.6.  CONCLUSIONS

This chapter has discussed different policy options to be applied at international, national,
regional and municipal level, to achieve waste prevention. The concept of WP is included
within the targets of the SDGs. Nevertheless, the freedom to produce and to waste is protected
via national and international legal regimes. As regards the European Union, WP is recognised
as the most favourable option in the so-called waste hierarchy; at the same time, MSs maintain
a high degree of autonomy in the definition of measures for implementing WP.

The research conducted at Country level highlights that PAYT schemes, taxes (and incentives)
and DRS for reuse can be the most effective MBIs in terms of waste reduction. Moreover,
linking economic benefits to environmental benefits generated by a measure or a behaviour in
a specific place is the best option. Further research is needed to investigate the design of MBIs
which fulfil this requirement.

At regional level, the need for more integration between WP policies and policies about other
topics of regional responsibility (e.g., industrial policy, urban policy, tourism management)
emerges. Indeed, a circular economy perspective cannot focus only on waste policies.
Furthermore, the advantages of including WP activities in the LCA studies of waste
management systems are reported.

Finally, the analysis of three project categories (i.e., drinking water dispensers in towns/cities,
drinking water dispensers in schools, replacement of disposable goods in school canteens)
implemented by some Municipalities in the Emilia-Romagna region shows that the
environmental benefits of WP: as preliminary evaluation after one-year from the project start
date, the total amount of avoided waste thanks to the implementation of the 17 analysed projects
has been estimated as approximately equal to the 0,03% of the total plastic waste production
in the Region in 2018, as a result of an investment equal to the 0,873 % of the WM cost paid
by the involved Municipalities in 2018.

The importance of institutional mechanisms to channel the behaviour of both individuals and
municipalities towards WP is highlighted: the implementation of a specific monitoring system
for prevention activities, the improvement of coordination and networking of individual
projects and good practices, as well as the design of appropriate incentives for citizens who
participate in these projects are all examples of way to boost WP implementation.
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CHAPTER 4 - WASTE PREVENTION AND COMPANIES: THE CASE OF EEE AND
THE ROLE OF DIGITAL TECHNOLOGIES

4.1. INTRODUCTION

The second part of my PhD focused on the application of circular business models and of
sufficiency strategies in the electrical and electronic equipment (EEE) sector, as a way to
promote WEEE prevention. The relevance of the analysis is related to the significant
environmental and social impacts of this sector, which is resource intensive in terms of
materials and energy, both in the production and usage phases, as well as in products’ end-of-
life. Companies in the sector are aware of this: for example, two of the biggest companies in
this sector in the word show to be committed in carbon neutrality*® and in waste prevention®.
In this context, proper recovery and treatment processes (i.e., depollution, disassembly, reuse
of components, shredding, sorting, recycling of secondary raw materials, recovery or disposal)
of e-waste are pivotal. This waste stream poses a challenge to waste management systems, not
only because of its quantity, but also for its variety and composition (Cole et al., 2019), meaning
a high content of both precious and hazardous materials. From one side, many components and
useful materials can be valorized and recovered. From another side, given that EEE contains
toxic additives or substances of concern identified as “hazardous” (e.g., mercury, lead,
brominated flame retardants, etc.), landfilling, incineration or littering may result in adverse
effects on the environment and human health. Inappropriate disposal and recycling of waste
from electrical and electronic equipment (WEEE) can expose people and the environment to
toxic chemicals when used products are not treated in formal recycling centres (Ellen
MacArthur Foundation, 2018; N. Perkins et al., 2014). Significant ethical issues are posed by
the illegal and improper exportation of e-waste toward developing countries, where child labor
and uncontrolled management and dismantling conditions imply hazardous pollution and risks
for health of exposed workers (N. Perkins et al., 2014).

Besides waste management and treatment, waste prevention strategies should also be
considered, even by EEE producers. Indeed, according to (EEA, 2020b), the comparison
between actual, designed, and desired lifetimes®® of smartphones, vacuum cleaners, televisions
and washing machines points out that either the designed or the desired lifetime is at least 2.3
years longer than the actual lifetime, as emotional and socio-economic factors jointly influence
the product’s lifetime: potentials for a significant and varying increase in practical operating
lifetimes exist. Servitised business models and product-service systems (PSSs) can potentially

48 https://blogs.microsoft.com/blog/2020/01/16/microsoft-will-be-carbon-negative-by-2030/,
https://blogs.microsoft.com/on-the-issues/2020/08/04/zero-waste-carbon-emissions-2030/,
https://www.apple.com/it/newsroom/2020/07/apple-commits-to-be-100-percent-carbon-neutral-for-its-supply-
chain-and-products-by-2030/

49 https://blogs.microsoft.com/blog/2020/08/04/microsoft-direct-operations-products-and-packaging-to-be-zero-
waste-by-2030/

%0 Actual lifetime refers to the interval from when a product is sold to when it is discarded or replaced. Designed
lifetime is the lifetime that a manufacturer intends its product to remain functional - shaped through design and
after-sale service etc. Desired lifetime has been defined as the average time that consumers want products to
last.
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break the link between profit and production volumes, reduce resource consumption and
material use, motivate the inclusion of through-life and end-of-life issues, and lead to enhanced
efficiency in use and product longevity (Bocken et al., 2014). In a circular business model, it
usually is not one company that closes the loop, but the ecosystem that does: thus, a
collaborative supply-chain is a pre-requisite to implement CE strategies.

This chapter aims to analyse the EEE sector, to discuss potential strategies for the reduction of
WEEE, with the perspective of manufacturers. The next paragraph presents a study on the
development of circular business models for the professional EEE sector, focusing on the
Italian case study. A digital solution which can enable EEE tracking is presented.

In paragraph 4.3., business models based on servitisation in the EEE sector are introduced and
reviewed.

4.2. DIGITAL CIRCULAR ECONOMY IN THE EEE SECTOR

Introduction

High expectations are set for a digitally enabled CE (Antikainen et al., 2018; Bressanelli et al.,
2018b; Demestichas & Daskalakis, 2020): digital technologies have been identified as
important enablers for CE business models (Rosa et al., 2020), as well as an important
opportunity to strengthen productivity and resilience of businesses, but also reinforce
sustainability and more efficient industrial systems. To unlock the tremendous opportunities
that the CE holds, the coordination of material and information flows is crucial: information
about quantity and quality of products and their material content need to be collected and
retained to enable practices like predictive maintenance, refurbishment, or recycling. Digital
technologies enable keeping the data together with materials in the cycle and make it possible
to use waste as a resource (Wilts & Berg, 2017). Digital solutions can provide real-time data
about an item’s location, condition and availability; increase traceability of materials; ease
access to products and services; and make processes more convenient and effective (Climate-
KIC, 2018). Moreover, data analytics can serve as a tool to predict product health and wear,
reduce production downtime, schedule maintenance, order spare parts, and optimize energy
consumption (Kristoffersen et al., 2020). CE benefits from digital, online platforms and
technologies, which strengthen connections between supply-chain actors: in a circular business
model it usually is not one company that closes the loop, but the ecosystem that does
(Antikainen et al., 2018). Vertical and horizontal integration of stakeholders along the product
lifecycle starting with the raw material manufacturer and finishing with the end-consumer will
increase resource efficiency and improve the information availability and analysis within the
supply chain (Riesener et al., 2019).

Most literature highlights a research gap, recognizing the need for more research and case
studies which link CE and digital technologies (Bressanelli et al., 2018a, 2018b; Kristoffersen
etal., 2019; Kristoffersen et al., 2020; Okorie et al., 2018; Pagoropoulos et al., 2017). With the
ambition to contribute to a filling of this gap, the paper “Using Internet of Things and
Distributed Ledger Technology for Digital Circular Economy Enablement: The Case of

174



Electronic Equipment”, published in the journal “Sustainability” (Magrini, Nicolas, et al.,
2021), discusses the implementation of digital CE strategies by analyzing an innovative
approach to a digital tracking solution for professional EEE and for WEEE (or e-waste)
management. Within the EIT Climate-KIC project BlockWEEE funded by the European
Institute of Innovation and Technology (EIT), the digital solution has been investigated in a
real-life case study and tested at laboratory scale, with the aim of being transparent, secure,
trustable, reliable, independent from centralized authorities and able to provide full control on
the entire value chain. Besides improving the waste management, this might enable the
implementation of new management solutions and business models, which have been created
and discussed. EEE and WEEE need a dedicated management system, which can include
logistics and installation of new equipment as well as reuse, repair, disassembly, transport, and
management of end-of-life equipment. While for household appliances good examples of end-
of life management practices already exist, professional WEEE management systems suffer
from several shortcomings due to their complexity.

This study focuses on tracing professional EEE and WEEE generated in Italy, to create proper
product and material streams. Indeed, numbers published in 2019 by the Italian clearing house
for WEEE management showed that out of more than 235,000 tons of professional EEE put on
the market during the previous three year (2016-2018), about 110,000 tons were confirmed to
be managed generating a collection rate equivalent to 46.80% (Centro di Coordinamento
RAEE, 2019), calculated as the amount of collected WEEE in relation to the amount of EEE
put on the market in the three preceding years. Thus, more than 53% of the professional WEEE
are not declared by the responsible actors for the end-of-life management. Probably, this
happens because the standard used for the management is not compliant with the legislative
requirement. Thus, the aim of the paper is to investigate the role of digital solutions in solving
this issue and in increasing the circularity rate of EEE sector.

Methodology

Background: The Professional EEE Sector in Italy: Challenges to Enable a Circular Economy

The development of innovative and reliable solutions to manage the professional EEE and
WEEE through digital technologies must necessarily start from the current models applied by
the EEE producers and the challenges emerging from such models. Five Italian companies
(EEE producers, providers, or distributors) were consulted (Table 35) with dedicated semi-
structured face-to-face interviews, conducted in June-November 2019, aimed at exploring their
professional EEE market, the actors involved along the supply chain, their appliances’ tracing
system, and the related performances. Collected information, including the actors involved
along the value chain, their relationships, needs, issues and shortcomings, have been used as a
key input for the subsequent activities, including technical activities (e.g., technical system
requirements) and business-model-related activities.
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Table 35- The interviewed companies: main characteristics

Company Role meéSESIIE()naI EEE locations Contract
Company 1°*  EEE provider Coolers Bars, restaurants loan for use
Washer Hospitals, dentists, .
Company 2  EEE producer disinfectors laboratories end-user ownership
. Shops, kitchen of i
Company 3 EEE producer  Appliances restaurants end-user ownership
Professional
Company 4 EEE producer coffee Coffee bars loan for use
machines
Company 5 EEE distributor T.VS’ Hotels, cinemas, end-user ownership
appliances. conference halls

According to the results of the interviews, professional EEE users generally require higher
service levels than household users, while the price is a less critical factor.

All the companies agree on the fact that the EEE/WEEE value chain is long, complex, and
often not confined inside national boundaries. Starting from the raw material extraction phase,
passing through the production and distribution step, and ending with the waste management
activities, several actors are involved along the life cycle of the electronic and electrical
devices, and they are often geographically distributed in different locations. Moreover, EEE
lifespan is variable (sometimes very long). Therefore, it is often very difficult for EEE
producers, responsible by law of proper WEEE management, to keep control until EEE end-
of-life.

To face these challenges, many EEE producers have individually implemented different
management systems themselves. Tracing of professional EEE is most often performed in a
centralized manner directly by the company that is responsible of end-of-life disposal and
recycling (typically the manufacturer). The objective is not limited to verifying and updating
the current position of the item, but also to obtain information about its correct use. Although
such an approach is effective in cases where a relatively small number of very expensive
appliances shall be traced, in others where the number of items to be traced is large, a
considerable fraction of them gets lost. Moreover, this solution does not always permit the
company to avoid corporate representatives travelling and visiting customers, in order to check
the condition of EEE or for marketing reasons.

The diagram below (Figure 85) shows the ideal flowchart at the end-of-use phase of EEE, from
the waste hierarchy perspective (Directive 2008/98/EC, Article 4, and confirmed by the
amended Waste Framework Directive (EU) 2018/851): after prevention, the most favorable
option in the waste management should be reuse, above recycling and recovery. This hierarchy
is broadly consistent with the idea that the main objective of the CE is to maintain the value of
products, components, and materials at their highest level (OECD, 2019).

51 Beverage company, which grants coolers on free loan to businesses (bar, restaurants)
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Figure 85- Flow chart for EEE end of use

In accordance with regulations or guidelines regarding used equipment, the functionalities of
the retrieved EEE must be tested. Based on the remaining functionality, different options
should be decided upon how to deal with the equipment. Product reuse is preferred over product
repair. If direct reuse or minor repairs/refurbishment are not feasible due to economic or
functional barriers, the best option is to reuse as many parts and components as possible. If this
is not possible, the recycling of the product on material level should be chosen.

The interviews have revealed that reuse is generally performed in the cases of companies which
give out EEE in loan, since in this way the high residual value of the products is captured.
Legislative limitations to the reuse of components have also been highlighted in one case (e.g.,
EEE for hospitals). Maintenance and repair are carried out in same cases by original equipment
manufacturers, in other cases by third party firms. If possible, repair is performed in the place
where the EEE is installed.

The diagram also shows through the dotted lines, the presence of an informal system. WEEE
which is ending up in the informal sector is usually not managed according to environmental
standards, but for example managed by informal operators interested to recover only valuable
materials such as copper, iron, aluminum, and precious metals, without taking care of other
components or illegally exported outside EU. In the European Union in 2016 the total
collection rate of WEEE was 49 %, calculated as the amount of collected WEEE in relation to
the average amount of EEE put on the market in the three preceding years, 2013-2015
(Eurostat, 2019c): this suggests the presence of undocumented waste flows. Furthermore, it can
be estimated that the potential release of GHG emissions from undocumented wasted fridges
and air conditioners in Europe is equal to 12.7 metric ton CO2¢q (Forti et al., 2020).

From an environmental and economic perspective, it is important to divert WEEE from being
handled in the informal sector. Digital technologies can also be employed to prevent such
leakage and ensure their proper handling at the end of EEE use-phase. Finally, trustable
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information regarding the specifications of raw materials used in the production phase can be
collected by ensuring the producer’s compliance with several laws (e.g., REACH regulation,
share of recyclates versus virgin materials used).

Thus, the challenge is to push a comprehensive distributed approach in the information
management, with the objective to track professional EEE via:

. Data generated by the several actors operating along the professional EEE supply chain,
including the manufacturer, logistic operators, customers, maintenance opera- tors, end-of-life
treatment operators.

. Data collected in a traditional centralized manner, often by a corporate representative
visiting customers and downloading information directly from the professional appliance.

. Internet of Things (IoT) data, autonomously generated by the professional appliances
connected to the Internet and sporadically transmitting short data packets containing some
relevant information, including geolocation information.

. Crowdsourcing data generated by people using personal devices, being turned in a
source of massive data.

The last item is of particular interest for tracing of those professional appliances which are
located in places constantly visited by customers. An example is represented by coolers or
coffee machines installed in cafes. Overall, such a distributed approach, taking full advantage
of a wide range of heterogeneous data, would strongly improve traceability and promote the
correct end-of-life disposal.

To achieve this goal, several challenges need to be addressed, from development of efficient
algorithms, e.g., based on artificial intelligence techniques, for analyzing a very large amount
of available data sources to collection and storage of data in a trustable and not tamperable
manner. Heterogeneous and distributed sensing systems calls for interoperable solutions and
data harmonization, as well as scalable solutions able to handle large amount of information
with intermittent data flows. Especially when people are engaged through a “neighborhood
watch” approach, solutions are needed to handle unpredictable data traffic peaks and to filter
and validate contents. Moreover, innovative circular business models are needed.

From BC and loT to BCoT the Emergence of a Digital Solution

loT and connected devices are everyday physical objects or devices that are connected to the
Internet and can interact, even autonomously, with other smart objects or human-handled
devices. 10T allows to collect large amounts of data (“Big Data”), which can be analyzed with
appropriate analytics. Big data can be analyzed to great benefit to better understand consumers,
optimize supply chains and human resources to bring profound insights to decision-makers
(Riesener et al., 2019). Moreover, it allows the improvement and innovation of existing
evaluation theories and methods for environmental performance evaluation of the supply chain,
promoting higher synergies and sharing among the involved actors, as well as providing
scientific basis and guidance to formulate environmental protection policies (Song et al., 2018).
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According to the literature review performed in (Rosa et al., 2020), 0T is considered one of
the most important technologies able to support the transition to the CE.

Distributed Ledger Technology (DLT) forms a second ingredient. It is better known as
blockchain (BC) - a specific subset of DLT — and enables tracking and monitoring of
incremental transactions and provenance of assets throughout their lifecycle even in an
adversarial environment, where participants do not trust each other ex-ante. BC can be used to
securely record and share information such as operating parameters, location, or energy
consumption. Information can be stored in a decentralized way, which makes this technology
a candidate to significantly disrupt the centralized regulatory compliance processes and
transactions within the industry (Dindarian & Chakravarthy, 2019). The CE can benefit from
simultaneous cooperation and competition within the loop, adopting a decentralized principle
of value creation and circulation as opposed to value creation and value appropriation
(Upadhyay et al., 2021). BC can align supply chains with CE sustainability through traceability
and transparency: it can make information about the origin of a product, processes and the
parties involved in related transactions and logistics visible, traceable and verifiable by all those
in the supply chain, thus supporting the application of sustainability criteria for the selection of
suppliers, vendors, materials and products, as well as the design of more sustainable logistics
networks and internal operations (Ellen MacArthur Foundation, 2019; Kouhizadeh & Sarkis,
2018). Therefore, a BC-based documentation of the product history increases transparency in
the supply chain for CE, providing information at the point of sale to build trust and security
regarding transactions between the involved parties. Moreover, in the waste management
sector, BC might help in overcoming deficiencies of the current EPR system, mainly due to the
missing connection between the actual product sold by original equipment manufacturers in
the market and the product recovered by the final processor (Esmaeilian et al., 2020).
Furthermore, it can be source of intelligent accounting and verification systems in future
applications (Riesener et al., 2019).

The advent of BC technology provides an unparalleled driver for peer-to-peer CE Business
Models to thrive, enabling peer-to-peer transactions without any middlemen. This means that
the consumers are not relegated to simple roles anymore, using, sharing and/or separating
products or waste. On the contrary, they can transact and pay each other directly and securely
through a decentralized, distributed network. Smart contracts trigger automatic enforcement
and execution of payment mechanisms that assures everyone involved in the contract is
compensated.

BC and loT technologies together could provide efficient support to Industry 4.0, especially
with reference to the typical challenges faced through the supply chain, such as traceability,
automation, reliability, and transparency. As a matter of fact, traceability is one of the main
challenges for manufacturers, administrations, banks, service providers, professionals, and
several other actors (Berg et al., 2020). Traceability improves transparency of transaction
between parts needing mutual trust and using verifiable records. Tracing the history of a
product, a record or a process through the entire supply chain is sometimes a hard task,
especially when the supply chain involves several independent entities.

Several BC-based systems have already been deployed for tracing purposes along the supply
chain. Several successful experiences and previous proposals were analyzed to have a clear
understanding of the current status of the application of these technologies. Throughout this
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analysis, three of the existing cases have been considered particularly useful. The first solution
is the one developed by Walmart in collaboration with IBM to track mangos and pork along
the supply chain, with the purpose of ensure complete traceability and to reduce the time needed
to rebuild the value-chain of these two products (Kamath, 2018). The second solution is the
one implemented by the shipping company Maersk, again in collaboration with IBM, aimed at
reducing amount of necessary paperwork along the supply chain of containers. The third
considered experience is the one reported by the company Provenance to track tuna fish caught
in Indonesia and ensure full traceability and transparency from the landing to factory and
beyond.

Recently, the “Blockchain of Things” (BCoT), featuring a cooperation of BC technology and
the 10T ecosystem has emerged as a new paradigm for tracing applications, proving itself very
effective in maintaining data in an efficient, reliable, trustable, and safe way. BCoT systems
are particularly attractive to collect data from all the actors involved in the manufacturing,
distribution, and end-of-life management of a product (Caro et al., 2018; Tian, 2016, 2017).
BC nodes can potentially be installed at every key point of the supply chain, providing the
architecture of a distributed but shared database where all actors can trustfully store and share
data, in a tamper-proof way. In the framework of the same architecture, 10T devices can be
used to automate exchange of key data, relieving human intervention wherever data can
potentially be tampered or modified. This way, data gathered from the chain nodes can be
considered reliable and enhanced transparency is achieved along the whole supply chain.

Results

The performed analysis led to the specification of a set of general requirements for a BC
system dedicated to EEE and WEEE management.

Based on the technical solution developed, three solution variations have been identified to
support the EEE producers to maintain the control of appliances along different phases of the
life cycle and to support a CE at the same time. Focusing on the integration of value added and
value retained (Lideke-Freund et al., 2019), the first variation supports repair and reuse, while
the second one adds recycling. The third variation investigates the potential involvement of
final customers, if EEE products are located in places accessible to them and environmental
and economic benefits derive. The use of business model canvas approach (Osterwalder &
Pigneur, 2010) has ensured the completeness, consistency, and validity of the approach. BM
Canvas is the most used tool to frame BM, and to visualize and express the main concept of
business in nine building blocks i.e., key activities, key partnerships, key resources, value
proposition, customer relationships, channels, customer segment, cost structure and revenue
streams.

The underlying assumptions for each of the variations presented below are that every
professional EEE product is equipped with an identifier (tag) and eventually some sensors (e.g.,
GPS, gyroscope, accelerometer, humidity sensor, temperature sensor) and that different
stakeholders can read/write information about the products location and condition throughout
the products lifecycle. In the creation of the three variations, an incremental approach has been

180



used, meaning that each solution variation increases the number of stakeholders involved and
the amount of data tracked in the BC system. The perspective of the EEE manufacturers has
been assumed.

Variation 1 — Blockchain-Based Solution for Repair and Reuse.

In the solutions derived, producers and/or providers are the actors involved, as well as repair
centers (Figure 86). They use a BC system in order to collect data regarding the lifetime of
products/components, use phase, maintenance and repair cycles and geo-localization of EEE.
The expected effect is a substitution for new products and virgin materials, which can save
money for manufacturers. Sensors might be a support in deciding if reuse, preparation for reuse
or remanufacturing are possible. A proper management of WEEE is more likely, thanks to geo-
localization. For EEE users, a potential extension of the EEE lifespan is possible. This might
allow them to save money too. Innovation is mainly at product level. The business model
canvas for this variation is reported in Table 36.
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Figure 86- Variation 1 — Blockchain-Based Solution for Repair and Reuse.

Table 36- Variation 1- Business model canvas

Key Key activities Value propositions Customer Customer
partners Defining For EEE Relationships segments
Possible parameters that producers/providers, | Commodatum | Professional

partnership should be tracked. collecting contract/selling. | EEE users
with repair Key resources information about Channels
centres Business the EEE (ex: Web app or
Possibl development geolocation, info on | Mobile phone
parct)ﬁzlrsheip (Progfammef& use, maintenance ...) app
with engineers, ...) and moqitoring
developers of them; being sure
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blockchain Tracing-and- that WEEE are well- Blockchain
system) tracking interfaces managed. system (and
tagging systems)

Sensors, Moreover,
transmitters, blockchain
tagging systems technology might
. : assist with
Person interacting
regu_latory
Reverse logistic compliance of
infrastructure WEEE management.
Cost structure Revenue Streams
Operating costs for the blockchain system | Savings from the reuse/refurbishment and re-
Programming cost entering the market of EEE/components

Cost for the tags
Customer service

Variation 2 — Blockchain-Based Solution for Repair, Reuse and Recycling.

While the repair and maintenance, reuse and redistribution, and refurbishment and
remanufacturing CE business models contribute to slowing resource loops by retaining the
product value, recycling CE business models seek to retain the material value by closing
resource loops (Ludeke-Freund et al., 2019).

In this variation, the involvement of more stakeholders than in variation 1 is assumed. WEEE
treatment operators, EEE/WEE carriers and recycling operators are provided with access to
different data in different levels of details, relevant for them and their tasks (Figure 87). The
aim is to create a closed-loop system: at the end-of-life stage, functioning products/components
are reused, other components are remanufactured, and materials are recycled.

In particular:

. WEEE treatment operators could be interested in data about the components and the
materials, and the presence of environmentally damaging substances. These might help them
in deciding if reuse, preparation for reuse, remanufacturing or material recycling is possible.
Moreover, data on the quantity of WEEE would help them in planning for adequate storage
and resources.

. EEE/WEE carriers could be interested in data about the physical characteristics of
EEE/WEEE to optimize the logistics (ex: dimensions and weight)

. Recycling operators could be interested in data about the materials. Moreover, data on
the quantity of WEEE would help them in planning for adequate storage and resources.

The object of innovation is not only the product, but innovative models at organizational
level are also enabled. The Business model canvas for this variation is reported in Table 37.
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Figure 87- Variation 2 — Blockchain-Based Solution for Repair, Reuse and Recycling.

Table 37- Variation 2- Business model canvas

Key
partners
Logistic
operators:
EEE/WEE
carriers

Possible
partnership
with repair

centers

Possible
partnership
with
developers of
blockchain
system.

Key activities
Entering a network
of EEE
producers/providers
and treatment
operators

Recording of the
materials/componen
ts which are
contained in the
EEE and
environmentally
damaging
substances

Key resources
Business
development
(programmers,
engineers, ...)

Tracing-and-
tracking interfaces

Sensors,
transmitters,
tagging systems

Value propositions
For EEE
producers/providers,
collecting
information about
the EEE (ex:
geolocation, info on
use, maintenance ...)
and monitoring
them; being sure
that WEEE are well-
managed; saving the
association fee to
the consortium.

If there is a closed
loop, they might buy
secondary
materials/component
s and save money.

Moreover,
blockchain
technology might
assist with
regulatory
compliance of
WEEE management.

Customer
Relationships
Commodatum

contract/selling

Channels
Web app or
mobile phone

app

Blockchain
system (and
tagging
systems)

Customer
segments
Professional
EEE users
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Person interacting
(different for each
actor in the
different step of
value chain)

Reverse logistic

infrastructure
Cost structure Revenue Streams
Operating costs for the blockchain system Savings from the use/reuse of secondary
Programming cost materials/components
Cost for the tags Possible savings of the recycling cost
Customer service

Variation 3 — Blockchain-Based Solution for Professional EEE and WEEE Management, with
Smart-Contract and Involvement of Consumers.

In this variation, consumers visiting the places where EEE is located can send a picture of the
EEE itself, if it is accessible; this picture might provide further information, which cannot be
gathered through IoT (Figure 88 and Figure 89). The picture (validated by an image processing
software) might be sent to the BC system, together with other information tracked by the
sensors (e.g., inner temperature, energy consumption, number of times that the door has been
opened). This solution might allow companies to avoid the visits performed by corporate
representatives.

A system of incentives for consumers should be designed to ensure their support in tracking
the required information, as well as eventually a system to involve the owner of the business
activity which uses the EEE: in some cases, this solution can enable a potential innovative
marketing solution for the owner of the business activity himself.

In order to transfer information onto the BC that the consumer cannot see (e.g., energy
consumption), information from the sensors could for example be transferred to the consumers
device and complement the information gathered by the costumer. In this way, the consumers
can become a channel for the transmission of other information, recorded by 10T nodes (using
for example NFC technology). The exchange of information with the consumers might be
regulated by a smart contract.

Alternatively, the professional EEE product could be connected to the (mobile) internet in
another way, e.g., through using SIM cards or Wi-Fi. The Business model canvas for this
variation is reported in Table 38.
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Table 38- Variation 3- Business model canvas
Key Key activities Value propositions Customer Customer
partners Relationships segments
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Logistic
operators:
EEE/WEE

carriers

Possible
partnership
with repair

centers

Possible
partnership
with
developers of
blockchain
system.

Owner of the
business
activity

which uses
EEE

Consumers

Marketing and
involvement of
consumers
Entering a network
of EEE
producers/providers
and treatment
operators

Recording of the
materials/componen
ts which are
contained in the
EEE and
environmentally
damaging
substances

Implementing a
system, accessible
by consumers

Key resources
Business
development
(programmers,
engineers, ...)

Tracing-and-
tracking interfaces

Sensors,
transmitters,
tagging systems

Person interacting
(different for each
actor in the
different step of
value chain)

Reverse logistic
infrastructure

For EEE
producers/providers,
collecting
information about
the EEE (ex:
geolocation, info on
use, maintenance ...)
and monitoring
them; being sure
that WEEE are well-
managed.

If there is a closed
loop, they might buy
secondary
materials/component
s and save money.
Moreover,
blockchain
technology might
assist with
regulatory
compliance of
WEEE management.

Commodatum
contract/selling.
Marketing
initiatives to
involve
consumers

Channels
Web app or
mobile phone

app

Blockchain
system (and
tagging systems)

Professional
EEE users
Consumers

Operating costs for the blockchain system
Programming cost (included smart contract)
Cost for the tags

Cost structure

Revenue Streams

Possible savings from the use/reuse of
secondary materials/components
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Customer service Possible savings thanks to information
Cost for incentive for consumers/bar owners provided by customers
Possible savings of the recycling cost

Further Elaborations

An additional solution variation could be created, by assuming that the producer retains the
ownership of the product, receiving a fixed fee (for example, monthly) from the users,
according to the “product-as-a-service" model. The services offered to users might include the
maintenance and updates of devices, and also the ability to exchange a product for a different
or newer model. EEE providers and users benefit, as they pay for the service they require and
use, and often receive a better service as the manufacturer has a greater interest in providing a
product that lasts. The producer gets a regular income stream and can focus on improving the
durability of the EEE and making them easily repairable, changing design processes from
“design for marketing” to “design for remanufacture and reuse”.

This model has a higher success potential in the case of professional EEE, compared to
consumer EEE, because the users’ need satisfied by professional EEE might be more long-
lasting than the one of consumers. So, professional users are keen on creating a long-lasting
relationship with the supplier. Furthermore, literature suggests that user behaviour can become
less responsible when a product is not owned, leading to reduced efficiencies and increased
wear of the product. Because people do not own the products in an access-based service, it is
unlikely that they forge strong attachments to these products, and consequently, they may take
less care of these products (Bardhi & Eckhardt, 2012; Nancy M. P. Bocken et al., 2018; Mugge
et al., 2005). This is less likely to happen in the case of professional users, as they need EEE
for their business to run.

Another instrument to adjust the incentive for a user to return a device after it reaches the end
of its expected lifetime could be the use of dynamic pricing, that can be related to, for example,
time of use, condition, or location. EEE could be restored and used again and again, offering
the update-repair-recycle service free of charge to users and ensuring the return of the materials
back into use.

If the user does not return the commodity for update, repair or recycling the monthly costs
rises. This incentivizes the consumer to return the commaodity for necessary updates or repairs
that at this point are less costly to the brand owner and producer and which ensure that its value
is preserved with minimum effort. Additionally, this also means better value for the user and
improved customer loyalty. If the user does not return the commodity at the expected end-of-
life, the cost continues to rise until the commodity is returned for recycling. If the commodity
is lost completely, the user pays a one-off payment, agreed in advance, and starts a new
programme. The later the commodity is returned to the manufacturer the greater the cost rises
for the manufacturer due to the increased effort, materials and energy required to restore the
lost value (Lantto et al., 2018).
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Considerations about Environmental and Economic Impacts of the Variations

Besides advantages due to the avoided loss of materials, the proper management of WEEE is
related with potential savings in COzeq emissions. Moreover, an extension of EEE’ lifetime
might result in a decrease of CO2eq emissions attributed to each EEE.

Environmental impacts due to BC energy consumption must be carefully considered in all the
variations. In the variation 3, an estimation of the energy consumption of customers’ devices
should also be performed. The energy consumption of an IoT node could be assumed as not
relevant for the environmental analysis, compared to the consumption of the EEE itself.
CO2¢q emissions related to all the life cycle of digital devices should be evaluated, by assessing
impacts in a life-cycle perspective, from the materials’ supply to the end-of-life.

Moreover, since in many cases a corporate representative visits the EEE users, the potential
CO2eq-savings from the reduction of travels of the employees should be quantified, as well as
potential COzeq-savings from recycling process and from transport optimization (in variations
2 and 3).

From the economic point of view, potential savings are related to avoided cost for travels,
avoided fines for non-compliance with the national legislation on WEEE management and to
recirculation of materials in the productive cycle. The cost of the BC and 10T system should be
evaluated, including the cost of initial investment (design and purchase of sensors which are
plugged in all EEE) and the operating costs (energy, maintenance).

Finally, it should be considered that this is a fast-developing environment, where important
parameters like the BC validation technology can change quickly and alter the assessment
dramatically.

Parallelly, pressure on EEE producers rises, considering the reinforcement of EPR or the
collection and recycling targets set by recent policies.

Conclusions

Containing very valuable materials and posing dire environmental problems, WEEE for their
very nature is an important challenge but also a perfect showcase for circularity. WEEE
management is a perfect area where new technology can be assessed and proved. The authors
were able to show how a combination of IoT and DLT can lead to an improvement of a
circularity for EEE with different impact based on the respective variations. While according
to the review performed in (Demestichas & Daskalakis, 2020), where the relation between the
technological solutions and the main CE concepts employed (i.e., reduce, reuse, recycle and
restore) is studied, IoT and BC are more relevant to the “reduce” CE concept, the solutions
here proposed, based on a combination of both the technologies, aim at promoting reuse, repair
and recycle as well. As described in the variations, different kinds of data can be stored and
transferred thanks to BC technology:

e General data on product characteristics (e.g., dimension) can be used to optimize the
logistics.
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e Data regarding the lifetime of products/components, use phase, maintenance and repair
cycles can be used for enhancing the product design and for forecasting of spare parts
demand. This can help to prevent reaching the premature end-of-use of the product.

e Data from the continuous traceability of materials, in terms of location, condition and
availability, might be used to facilitate the repair and maintenance of EEE.

e The geo-localization of EEE/WEEE guarantees the regulatory compliance, regarding
WEEE management, e.g., in Italy.

e Information on the use of chemical substances in the product or its components can be
embedded into the BC, too, and passed along the supply chain to the various interested
parties or parties that need the information (e.g., customers, manufacturers, importers,
and recyclers). Hence, BC technology can help producers to fulfil their responsibilities
in regard to the REACH (Restriction of Hazardous Substances Directive 2002/95/EC)
regulation, implemented in 2007.

e Eventually, information provided by consumers, as the picture of EEE.

It should be noticed that one of the interviewed companies was particularly interested in
tracking the materials and components used to assemble the product, also involving the raw
material manufacturers, and taking advantage of digital solutions to effectively prove the
compliance to legislative requirements. Thus, further research can investigate the feasibility of
this application.

Moreover, BC can also help to ensure and assure the customers that child labor was not used
and human rights were protected in the production and supply chain process (Upadhyay et al.,
2021). This is crucial in EEE sector and deserves further analysis, considering that the
enormous request of critical and strategic raw materials used in electronic devices have
consequences in human rights and social impacts, because of supply systems and mining
activities in crucial areas of the world, where continuing conflicts occur (Ak sin - Sivrikaya,
2017).

Further benefits might stem from the overcoming of impediments associated with copyright
infringements, in the management of post-consumer disposal of e-waste and recycle, reuse, and
remanufacturing processes, as outlined in (Chen & Ogunseitan, 2021).

In general, many technologically enabled solutions contribute to circular business models (e.g.,
providing services instead of products), improving products (including design and production
processes) and their end-of-life treatment (e.g., reuse, repair, remanufacturing, recycling, waste
collection and sorting). However, challenges still remain with regard to the development and
scalability of solutions due to inter alia a lack of (public) investments, adequate regulatory
framework and/or sufficient market demand (Hedberg & Sipka, 2020).

Obviously, key to a successful transition towards CE is therefore going beyond the waste
management perspective to integrate CE principles across the life cycle. An integration of the
complete supply chain will be necessary. The technologies here presented can be used to
achieve these purposes. Nevertheless, merely establishing closed - loop supply chains is
clearly inadequate: it is crucial that companies determine how to create value with such supply
chains (Ludeke-Freund et al., 2019). Effectively transforming existing value chains into value
cycles requires a holistic view and design of circular ecosystems consisting of complementary
value-generating actors, who not only share a vision of circularity, but are also ready to
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distribute profits in a way that ensures the long-term commitment of contributing actors: in this
sense, digital technologies can enable and reinforce value cycles (Hansen et al., 2020). In the
case here presented, for example, the potential savings of the recycling cost due to the improved
tracing system should be distributed among the involved stakeholders in a proper way. As in
many cases EEE producers fulfil the obligation to keep control on the end-of-life of its products
by joining a collective scheme through the payment of a fee, the role of the consortia which are
responsible for professional WEEE management in the promotion of these business models
and in the creation of mechanisms for the distribution of generated value might be subject to
further research. Moreover, as adopters of new products and services, consumers — both
business - to - customer and business - to - business - play a central role in the transition
towards the CE: their involvement should be rewarded. Digital technologies can help in both
these activities.

Implications for stakeholders thus concern specifically the further development, testing,
adoption, and enablement of these technologies. It should be considered that the adoption of
BC-based solutions has been mostly at the demonstration and piloting stage so far, as shown
by (Kouhizadeh et al., 2020). Thus, these implementations still suffer from infrastructure
challenges including failures of interoperability, technological security, and stability issues.
Creation of a traceable supply and use chain for EEE could help to prolong product lifetime
and retain valuable materials thus effectively creating a more resource efficient EEE (and
WEEE) regime. The massive pollution and health damage created by WEEE could be
drastically reduced. For the producers and users of EEE, cooperation on the development and
introduction is thus the path to explore. An important implication for policy makers is therefore
the enablement of such an infrastructure by support of technology development and standard
setting, but also by the creation of an enabling and demanding legislation for WEEE treatment
including the requirement of meticulous proofs of use and treatment.

One caveat remains: the efforts to digitally mitigate the WEEE-problem and the creation of an
EEE CE must not environmentally overshoot the efficiency gains and the waste prevented. In
other words, the measures taken need to be assessed, and rebound effects must be avoided.
Especially the potentially energy hungry nature of DLTs can be a concern here. If that proves
successful, a much more sustainable electronic appliance regime can emerge.

4.3. PRODUCT-AS-A-SERVICE IN THE EEE SECTOR, AS INSTRUMENT FOR WEEE
PREVENTION

Introduction

The aim of this research is understanding if business models based on servitisation, and in
particular PSSs, can enable the extension of EEE lifetime, thus improving its durability,
upgradability, reusability and repairability by design.

Besides waste prevention, the purchasing of services that EEE provides, instead of purchasing
the products, might provide a lot of other potential benefits: the EEE loops would be closed,

illegal shipments of e-waste would be reduced, a design supporting the refurbishment and final
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material recycling would be further developed, and the digital divide would be further closed
by offering services at special prices for those in need (Kuehr, 2019). The analysis is still
ongoing, and it will be published on a scientific journal.

Product-Service Systems

The discussion about PSSs was spawned from the idea of a ‘performance economy’, developed
by Walter Stahel since the 1970s. It insists on the importance of selling services rather than
products. Through this method, manufacturers can retain greater control over the items they
produce and the embodied energy and materials, thus enabling better maintenance,
reconditioning and recovery. Customers benefit too, as they only pay for the service they use,
and often receive a better service as the manufacturer has a greater interest in providing a
product that lasts.

In 1999, the first paper on PSS was published by (Goedkoop et al., 1999) defining PSS as a
“marketable set of products and services, capable of jointly fulfilling a user’s need”. Since
then, a number of academic papers have developed the term and the concept: as reported by
(Annarelli et al., 2021), literature on servitisation and PSSs witnessed an impressive
development throughout the last thirty years.

Between pure product sales and pure service provision, a spectrum of different options exists,
where products and services are combined to varying degrees. (Tukker, 2004) identified 8 types
of PSSs, divided in three main clusters: product-oriented services, use-oriented services, and
result-oriented services.

Within product-oriented PSSs, products are sold to the customer, who retains ownership of it,
but additional after-sale services are added (e.g., maintenance). Use-oriented PSSs are designed
so that the product function is sold, through leasing or renting, while the product ownership
remains of the PSS provider. Finally, within result-oriented PSSs no pre-determined product
is involved, as the result is sold. Examples of result-oriented PSSs include paying per service
unit and paying per functional unit. In the paying per service unit example, people pay for a
certain unit of service, like a laundry cycle or mileage driven, whereas in the functional unit
example, a provider and its customer agree on a specific result or outcome (e.g., clean laundry)
regardless of the products or services: the provider is, in principle, completely free as to how
to deliver the result. Finally, PSSs require infrastructure and networks supporting products and
services to create and deliver the value from the system (Hernandez, 2019).

PSSs have been positioned as a way to achieve greater levels of sustainability (Tukker, 2004)
and they are often mentioned as means to realise a CE, in which economic growth is decoupled
from resource consumption. Indeed, they are renown both by the scientific and industrial
community to be the most suitable BMs to achieve circularity (Rosa et al., 2019).
Nevertheless, a PSSs is no implicit guarantee for a CE and relative resource reduction, and CE
strategies do not necessarily lead to decoupling economic growth from resource consumption
in absolute terms (Kjaer et al., 2019). Indeed, the achievement of sustainability depends on
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careful design of the solution because these elements will need to be built into the PSS (Mont
& Tukker, 2006).

Reviews performed by (Tukker, 2004, 2015) and (Tukker & Tischner, 2006) show mixed
results for each of the product service BM, but they conclude that use- and result- driven BMs
could have the greatest environmental potential (Tukker, 2015), given that product-oriented
BM do not change the incentive to maximise product sales (Kjaer et al., 2019).

As (Tukker, 2004) concluded, result-oriented PSS models may have the highest environmental
potential, but to achieve desirable sustainability performance over the total PSS lifecycle, the
solution needs to be carefully designed for this purpose. Within result-driven BMs, the one
based on paying per functional unit is said to have the highest potential (up to a factor of ten)
of the different types of PSS (Lindahl et al., 2014).

Especially products that are ‘expensive, technically advanced, requiring maintenance and
repair, easy to transport, used infrequently by customers, and not heavily influenced by
branding and fashion’ are marked as prime examples of products suitable for circular models
(Tukker, 2015; van Loon et al., 2020). Moreover, according to (Accenture, 2014), product as a
service BM would be attractive to companies whose products’ cost of operation share is high
and that have a skill advantage relative to their customers in managing the maintenance of
products, giving them an edge in selling services and recapturing residual value at end of life.
Despite many electrical or electronic devices and EEE producers satisfying most of these
requirements and despite the potential economic and environmental benefits deriving from PSS
BMs, their adoption does not seem widespread.

As widely reported, there is an interplay between digitalization and servitisation, witnessed by
the large number of contributions identifying digital technologies as a key resource for
servitisation (Annarelli et al., 2021). Digital technologies enhance remote visibility and control
of assets, which are especially critical for the Product as a Service BM, providing the
information and connections needed to maintain a relationship far beyond the point of sale
(Accenture, 2014).

According to (Annarelli et al., 2021), who performed a review of literature about servitisation
and PSSs, while traditional PSS offers are somewhat striving to survive in the market, digital
PSSs are transforming the BM in itself, characterizing as a high complex, dynamic and
interconnected digital based ecosystem, where multi-stakeholders pursue their stake or interest
in value co-creation network.

Methodology

Within the context of this research, a review of real cases of organizations applying result- and
use-oriented BMs to EEE was performed, by researching recent scientific articles on Scopus
and on the web, including academic literature (e.g., peer—reviewed articles, conference
proceedings, books chapters) as well as other publications (e.g., reports, case studies).
Moreover, the representative of 16 companies were interviewed, and the websites of many
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companies were consulted. In total, 33 cases were assessed. Some of them are still running,
others are projects of the past already ended.

Within this research study, it is assumed that an extension of the lifetime by design (at
production side) can be achieved thanks to an increase of durability (and reliability),
upgradability, reusability and repairability of products and components. Durability is the
ability of a product to perform its function at the anticipated performance level over a given
period (number of cycles — uses — hours in use), under the expected conditions of use and under
foreseeable actions (Boulos & B., 2015).

Upgradability is the level of potential and fitness of a product, in its functional, physical, and
architectural features, to be effectively and efficiently modernized by incorporating functional
and performance improvements, during the usage and/or remanufacturing stage (Khan et al.,
2018). Reusability, meaning the ability of the product to be reused, includes different aspects,
e.g., the design for the disassembly of certain crucial components, the availability of spare
parts, the provision of information by manufacturers and the possibility to update the software.
Reparability, meaning the ability of the product to be repaired, includes the attitudes of
consumers that could cause certain failures of the products, or product design aspects that
facilitate (or hamper) repair (Tecchio et al., 2016). As these devices are increasingly designed
for automated manufacture at lower cost, they are harder to repair at acceptable cost. Examples
include the use of welded plastic tubs in washing machines that prevent the repair of bearings
and sealed electronics that need replacing as a whole at a cost comparable with the original
price of the machine. The JRC Preparatory Study (JRC, 2017) also notes that for washing
machines, repair seems to have become more difficult in new devices®.

In summary, the variables of analysis are:

e Company implementing the BM and its role of the company (EEE producer or
intermediary)

e Products and product category, considering 10 categories according to Directive
2012/19/EU, or considering 6 general categories derived from UNU-KEYs
classification

e User category (Household/Professional users)

o Digital technologies enabling the BM and other digital technologies used, with focus
on the added value created, the object of innovation and CE strategies enabled

e Typology of BM, according to the classification described in (Tukker, 2004)

e Level of control maintained by the producer

o Fee characteristics: frequency of payment, costs included (e.g., energy, water) or other
products included, dynamic pricing

e Services included, e.g., maintenance, replacement of devices with newer products
(with better environmental performances), duration of the refresh cycle, repair

e Impact on the user behaviour, average lifetime, end of life management, number of
users.

52 Commission staff working document, 2019. Sustainable Products in a Circular Economy - Towards an EU
Product Policy Framework contributing to the Circular Economy
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Furthermore, a specific focus on functional PSSs® is provided, as they are said to have the
highest potential of the different types of PSS (Lindahl et al., 2014).

Results

Preliminary results show that washing machines are the most studied appliance, followed by
dryers and dishwashers. Functional result business models are applied only to air conditioning
systems and lighting systems. In the case of laundry and shared washing machines, for the
purchaser sometimes this model is “functional result”. In this case, the sellers are intermediaries
(not the producers of EEE).

Most of the successful result-oriented BMs (pay per service unit) addressed to household users,
are not applied by producers, but by third parties. In this way, users are committed to a
sustainable behavior (e.g., the case of HOMIE (Nancy M. P. Bocken et al., 2018)), but the
incentive for the producer to increase durability is weak.

Leasing usually decreases the durability of products, because it includes an option to have for
free a new appliance. According to (Fischer et al., 2015), who discuss waste prevention in a
“leasing society”, the resource efficiency of respective business cases is highly dependent on
the specific business case design.

The analysis reveals that result-oriented service needs digital technologies as an enabler for
these business models and their scale-up.

Moreover, the importance of cultural factors for the spread of these business models is evident,
when the geographical diffusion is considered.

Conclusion

The analysis shows that not all the servitised business models are beneficial in terms of
environmental impacts, as they do not always provide an incentive to the increase of product
lifetime or to perform reuse and remanufacturing, with more priority than recycling.
Furthermore, the importance of collaboration among companies to implement and scale-up
these business models is highlighted.

%3 In functional PSSs, a provider and its customer agree on a specific result or outcome regardless of the
products or services: the provider is, in principle, completely free as to how to deliver the result.
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4.4.  CONCLUSIONS

This chapter has discussed circularity and waste prevention in the EEE sector, with the
perspective of businesses. Indeed, besides proper recovery and treatment, WEEE prevention
should also be discussed and promoted. WEEE is a relevant waste flow not only because of its
quantity (with an increase of almost 2 million metric tons per year in global electrical and
electronic waste), but also for the valuable and hazardous materials which it contains. The first
study presented started with interviewing five Italian companies in the EEE sector, in June-
November 2019. The aim was to explore their professional EEE market, the actors involved
along the supply chain, their appliances’ tracing system, and the related performances. One
challenge which emerged is the difficulty for EEE producers, responsible by law of proper
WEEE management, to keep control until EEE end-of-life. Thus, after the design and testing
of a digital solution based on blockchain and 10T, three solution variations have been identified
to support the EEE producers to maintain the control of appliances along different phases of
the life cycle and to support a CE at the same time. The first variation supports repair and reuse,
while the second one adds recycling. The third variation investigates the potential involvement
of final customers, if EEE products are located in places accessible to them and environmental
and economic benefits derive. The business model canvas for each variation was created.
Moreover, it is briefly introduced that an additional solution variation could be created, by
assuming that the producer retains the ownership of the product, according to the “product-as-
a-service" model. The study shows that key to a successful transition towards CE is going
beyond the waste management perspective to integrate CE principles across the life cycle.
Digital solution can support the integration of the complete supply chain. Indeed, collaboration
among the actors of the supply-chain is pivotal: it usually is not one company that closes the
loop, but the ecosystem that does.

Then, the second study focuses on business models based on servitisation, to investigate how
they can enable the extension of EEE lifetime, thus improving its durability, upgradability,
reusability and repairability by design. The preliminary results from the literature review
performed and from the interviews with many companies’ representatives are presented. The
analysis shows that not all the servitised business models are beneficial in terms of
environmental impacts, as they do not always provide an incentive to the increase of product
lifetime or to perform reuse and remanufacturing, with more priority than recycling. Thus, an
assessment of environmental benefits in a life-cycle perspective should always be performed.
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CONCLUSIONS OF THE DISSERTATION

“As Paul Hawken once asked: why should the limits of nature within which the economy must
learn to operate be more restrictive than a blank canvas for Paul Cézanne or a flute for Jean-
Pierre Rampal? Sure, the canvas or the flute are limited in size, but these limitations did not
prevent either of these artists from creating incomparable works. On the contrary, it is
precisely those limitations that have given rise to them. In fact, limits often have two faces: they
close and at the same time open up opportunities.” (Wuppertal Institut, 2011)

The environmental and social crises we are facing are two sides of the same problem. Their
anthropogenic nature is proved. Consumption of affluent households worldwide is by far not
only the strongest determinant and the strongest accelerator of increases of global
environmental impacts, but also of social ones. Consumption and economic growth are also
the main drivers of waste generation. Many frameworks (e.g., planetary boundaries, circular
economy) address the environmental problems, emphasizing the urgency of taking action.
However, the distributional issues and opportunities linked to access to environmental
resources and services should also be addressed (Hajer et al., 2015), and research should also
deal with a conceptualisation of how resource use and social outcomes are linked (O’Neill et
al., 2018).

Since consumption is recognised as a stronger driver of material use than population growth,
the solution to this complex crisis cannot be half the population (as proposed for example by
(Robinson, 2018)). A vision of prosperity decoupled from resource consumption through
efficiency, sufficiency, and a shift to responsible use of natural resources should be promoted.
The introduction of science-based resource use (absolute) decoupling targets following
sufficiency principles is pivotal (SYSTEMIQ & The Club of Rome, 2020). As showed by the
(IRP, 2020), the savings associated with combining efficiency sufficiency and a shift to
renewable resources are expected to increase economic development for almost all countries
compared to business as usual and decrease inequality in countries and between them. Only by
combining the above-described interventions it will be possible to achieve prosperity that is
decoupled from the depletion of natural resources and all its related problems. After the
pandemic, to avoid unnecessary trade-offs between the recovery of economies, societies, and
ecosystems, operationalising the principle of “leaving no one behind” is paramount. In this
context, the 2030 Agenda for the Sustainable Development shows some shortcomings, given
that economic growth is there considered as an unobjectionable goal worldwide, even if a
decrease of inequalities could be a better solution.

A cultural shift

As argued by (EEA, 2021), while the planet is finite in its biophysical sense, infinite growth in
human existential values, such as beauty, love, and kindness, as well as in ethics, may be
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possible. Society is currently experiencing limits to growth because it is locked into defining
growth in terms of economic activities and material consumption. The imperative of economic
growth is culturally, politically, and institutionally ingrained.

As wrote by Donella Meadows “People don’t need enormous cars; they need respect. They
don’t need closetsful of clothes; they need to feel attractive, and they need excitement, variety,
and beauty.” A cultural shift is needed, as recognised by scientists from different fields. As
claimed by Johan Rockstrém in a recent interview®, “Perhaps the most difficult step for
humanity will be to change our values. Research study after research study has now shown
that consuming more does not make us humans any happier. We have been manipulated onto
a treadmill where social success is based in increased consumption. Welfare and quality of life
are not based on economic surplus.”

A change in the values, ethics, attitudes, and behaviours that underpin societies is required,
considering that “we will only attain ecological conversion when it becomes socially
desirable”,

Waste prevention: lessons learned

Waste prevention is a strategy which helps societies and individuals to strive for sufficiency in
resource consumption within planetary boundaries alongside sustainable and equitable well-
being and to decouple the concepts of well-being and life satisfaction from materialism.
Moreover, waste prevention activities increase the resilience of our systems, because of their
distributed nature.

Monitoring waste generation and assessing waste prevention measure are two prerequisites for
the spread of waste prevention strategies, as they provide decisionmakers with valuable
information. Thus, a methodology to monitor waste generation and waste service costs at the
municipal level is proposed, by considering the different user categories which live in a city or
take advantage of its services. A framework for the sustainability assessment, the evaluation of
success, and the prioritisation of WP measures was also proposed: in the model, environmental
considerations are complemented by an evaluation of economic and social impacts. The
framework includes the following steps: firstly, relevant project categories are selected, by
verifying the fulfilment of specific conditions. Adopting a life-cycle perspective, the
environmental, economic, and social consequences of WP measures within the selected
categories are assessed. Then, a set of indicators for the evaluation of effectiveness and
efficiency of the projects was defined, as well as an algorithm to support the identification of a
priority order for the project categories. The analysis and discussion of results gives a valuable
contribution to the formulation and promotion of WP strategies, at different geographical
levels.

54 https://www.kth.se/en/aktuellt/nyheter/vi-blir-inte-lyckligare-av-att-konsumera-mer-1.1086770
%5 https://www.alexanderlanger.org/en/279 Alexander Langer, Speech held at the Talks from Toblach/Dobbiaco,
10 September 1994
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In the first part of my dissertation, the perspective of policymakers was taken. It is important
to consider that waste prevention is different from waste management, and it would need
different policy instruments. Nevertheless, targets, measures, and responsibilities of WP are
still often regulated as part of WM legislations. WP is a long-term process which requires
modifying the behaviours of households, producers and other participants in the economy.
Thus, long term WP policies are pivotal to align the incentives of different stakeholders, and
step-by-step improvements are required to achieve actual results.

WP initiatives are often created from below at a grassroots level and they are largely convergent
with the trend towards resilient distributed systems. As stated by (Webster & Fromberg, 2020),
policy on CE is currently overwhelmingly orientated toward improving efficiency and is
focused on economies of scale. To rebalance the policies towards resilience, WP policies
should be promoted, given that distributed systems are more resilient than centralized ones, by
definition. However, policymakers should consider that distributed systems cannot be
implemented, nor can resilient system be realised, without social innovation. Thus, institutional
mechanisms to support the innovation process should be designed and implemented.

Different geographical and governance levels and different instruments for WP were analysed.
At EU level, MSs are obliged to reach quantitative targets in recycling and recovery. The
absence of an EU-wide defined target on quantitative WP may have the effect that recycling is
prioritised over prevention. This is reflected also by the results of the analysis of eco-
innovations implemented by European industries.

At Country level, the role of prevention programmes and MBIs (EPR, PAYT, DRS,
Environmental taxes) in boosting MSW prevention was investigated. The goal was to map
some of the most advanced policies in WP, in order to identify trends and common features
emerging, and to assess the effectiveness of these instruments in terms of quantitative WP for
MSW. The study highlighted the importance of the integration of Command and Control with
economic incentives and MBIs. Every considered Country implements a mix of different
MBIs. It is important to design MBIs which are tailored to the implementation area, as there is
no single solution that can be used in all countries. The effectiveness of this kind of instruments
on waste reduction is strictly related to their design phase. The best option would be achieved
by linking economic benefits to environmental benefits generated by a measure or a behaviour
in a specific place. A life-cycle assessment might help to analyse all the environmental impacts.
At the regional level, the analysis of the case of the Emilia-Romagna region shows that the
regional waste management plan includes a waste prevention program. The LCA analysis of
regional waste management system in 2020, as presented in the plan, does not completely
consider prevention activities, which are out of the system boundaries. A deep analysis of
prevention activities could be useful in the regional waste management planification. Including
waste prevention activities in the LCA of regional waste management system could offer a
more complete evaluation of environmental impacts, considering substitutive good or
packaging generated as additional MSW to be managed. For each prevention activity, an
analysis of the impacts on the production of every waste fraction should be performed, together
with the quantification of related environmental benefits.
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The analysis of the performances of the regional waste management system over 11 years has
shown that prevention of urban waste is not completely fulfilled at the regional level, although
the commitment of the region to prevention and reuse is strong. The target on per capita waste
generation set in the waste prevention program was not achieved. This evidence suggests that
WP is a long-term process, affected by multiple exogenous factors. Long term policies and
step-by-step improvements are required to achieve actual results. Moreover, cross-sectoral
governance within the public sector is needed: the analysis pointed out a lack of connection of
WP strategies with other policy fields.

At the regional and municipal level, the framework for the sustainability assessment, the
evaluation of success, and the prioritisation of WP measures previously proposed was applied
to the significant case of the Emilia-Romagna Region. The specific objectives are: i) to support
the decision-makers in the prioritisation of publicly funded projects, which aim at WP by acting
at the consumption level; ii) to assess the already implemented projects, in a preliminary
manner, by providing insights on their success. The study confirms that institutional
mechanisms are fundamental for channelling the behaviour of individuals and the actions
implemented by Municipalities towards WP. The Emilia-Romagna Region has not
implemented a specific monitoring system for prevention activities yet. The monitoring system
could improve the control of the region on the activities implemented in the territory.
Moreover, if the monitoring activity is complemented by an improvement of coordination and
networking of individual projects, good practices could spread and learning effects regarding
innovation approaches could realize. Additionally, benchmarking between different spatial
entities motivates local actors to invest more time, effort, and responsibility in the objectives

In the second part of my PhD, the perspective of companies in the EEE sector was taken.
Indeed, enhancing prevention of WEEE is crucial to increase the sustainability of this sector
and to meet European environment, climate, and circularity objectives. Two peculiarities of
WEEE, widely known as e-waste, are the alarming rate of growth (almost 2 million metric tons
per year globally) and the presence of environmental-damaging substances as well as valuable
and rare materials. Within the EIT Climate-KIC project BlockWEEE, an innovative approach
to a digital tracking solution for professional EEE and for WEEE management was analysed.
Besides improving the waste management, this might enable the implementation of new
management solutions and BMs, which have been created and discussed. Digital technologies
can help to create a distributed and more resilient system and to distribute among the involved
stakeholders the potential savings of the recycling cost due to the improved tracing system.
Moreover, digital technologies support the involvement and the rewarding of consumers—both
business-to-customer and business-to-business.

Then, my research has focused on the “product-as-a-service” model, to understand if BMs
based on servitisation can enable the extension of EEE lifetime, thus improving its durability,
upgradability, reusability and repairability by design. | interviewed many companies applying
result- and use-oriented BMs to EEE, as well as consulted their websites to gather information.
The analysis shows the importance of the design of business models, given that not all the
servitised business models are beneficial in terms of environmental impacts, as they do not
always provide an incentive to the increase of product lifetime or to perform reuse and
remanufacturing, with more priority than recycling. Digital technologies are an enabler of these
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business models, in particular of result-oriented ones, and can help to scale-up these solutions.
Collaboration among companies and cultural factors should be considered as drivers for the
spread of these business models.

Future research perspectives

Some recommendations for future research works are as follow:

- As regards the assessment of WPM, enlarge the economic analysis, by considering the
monetization of externalities. Moreover, it would be interesting to asess WPM that are
implemented before the consumption stage.

- Design MBIs which link economic benefits to environmental benefits.

- Investigate how EPR can be implemented to promote waste prevention, according to
the European Directive 2018/851/EU, which states that the financial and/or
organisational responsibility of producers can include “a responsibility to contribute to
waste prevention and to the reusability and recyclability of products”.

- Investigate the possibility to track the materials and components used to assemble EEE
product, also involving the raw material manufacturers, and taking advantage of digital
solutions to effectively prove the compliance to legislative requirements.

- Analysis of the sensitivity of the results, at the variation of the number of waste
prevention actions implemented by the different actors in a supply chain;

- Integration of policy measures for waste prevention with measures taken by companies.
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Appendix 1

Litres of water delivered in one year by each dispenser are calculated by assuming that the
average daily amount of water delivered in the period of observation is the same over all the
year, to avoid seasonality effect. As far as the second project category is concerned, litres of
water delivered in one year were calculated assuming a school year of 180 days.

Impacts related to substitutive goods and additional MSW have also been calculated. In a life-
cycle perspective, the environmental and economic impacts of these projects were assessed, in
terms of avoided COz equivalent emissions per year and costs/savings for citizens.
Considering drinking water dispensers in towns/cities, the results of environmental assessment
are shown in Table 39, Table 40, Table 41 and Figure 90, while the results of economic
assessment are shown in Table 42 and Figure 91.

Similarly, for drinking water dispensers in schools, the results of environmental assessment are
shown in Table 43, Table 44, Table 45 and Figure 92, while the results of economic assessment
are shown in Table 46, Figure 93 and Figure 92.

Finally, for the projects of replacement of disposable products in schools canteens, the results
of environmental assessment are shown in Table 47, Table 48, Table 49 and Figure 94, while
the results of economic assessment are shown in Table 50 and Figure 95.

Table 39- Projects of drinking water dispensers- environmental assessment

Municipality Days Litres of | Number of | Avoided
of water avoided waste-
analysi | delivered plastic only Diffusion
S [litres/yea | bottlesin | disposabl | factor [%0]
r] one year e bottles
[kg/year]
Municipality A 86 63.663,30 42.442 2.695 6,77
Municipality B1 181 522.293,10 348.195 22.111 17,51
Municipality B2 181 | 348.867,00 | 232.578 14.769 11,70
Municipality C 252 | 117.347,50 78.231 4.968 3,01
Municipality D 181 64.532,00 43.021 2.732 46,87
Municipality E 102 35.784,60 23.856 1.515 10,15
Municipality F 181 266.187,20 177.458 11.269 19,68
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Municipality G 259 26.739,90 17.826 1.132 2,02
Municipality H 181 86.724,00 57.816 3.671 12,15
Municipality | 130 35.405,00 23.603 1.499 1,41
Municipality L 199 119.212,65 79.475 5.047 8,32
Municipality M 181 | 260.135,50 | 173.423 11.013 21,95
Total - 1.946.892 | 1.297.924 82.420 10

Table 40- Projects of drinking water dispensers- environmental assessment, additional impacts

Additional Additional Additional Additional | Additional detergent
waste energy energy water consumption for
[Kglyear] consumpti | consumption | consumpti hand washing
on of for hand on for [kg/year]
water washing hand
dispensers | [Kwh/year] washing
[Kwh/year [I/year]
]
4.184,275 11.699,61 73.621,957 3.033.224,6 6.066,45
(glass), 26
15,41575
(aluminium)
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Table 41- Projects of drinking water dispensers- CO2-eq impact assessment

Municipality Avoided Additi | Additiona | Additiona Total
Waste onal | energy | water | environme
Manageme | waste | consumpt and ntal impact
nt [kg CO2- [kg ions for | detergent
eq] COe- hand consumpt
eq] washing ions for
and of hand
water washing
dispenser | [kg CO2-
s [kg eq]
CO2-eq]
Municipality A -3564.29 14.03 1291.65 1160.85 -1097.77
Municipality B1 -29241.51 | 115.09 | 10596.67 | 9523.59 -9006.15
Municipality B2 -19531.96 76.87 7078.08 6361.31 -6015.71
Municipality C -6569.86 25.86 2380.83 2139.74 -2023.43
Municipality D -3612.91 14.22 1309.27 1176.69 -1112.73
Municipality E -2003.43 7.88 726.02 652.50 -617.02
Municipality F -14902.97 58.65 5400.61 4853.71 -4590.00
Municipality G -1497.03 5.89 542.52 487.58 -461.04
Municipality H -4855.40 19.11 1759.52 1581.34 -1495.43
Municipality | -1982.19 7.80 718.32 645.58 -610.48
Municipality L -6674.33 26.27 2418.68 2173.75 -2055.64
Municipality M -14564.11 57.32 5277.82 4743.36 -4485.60
Total -109000 429 39500 35500 -33571
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Figure 90- Environmental impacts of the water dispensers in town projects in terms of avoided CO2
equivalent emissions per year

Municipality

Additional water and detergent consumptions for hand washing [kg CO2]
Additional energy consumptions for hand washing and of water dispensers [kg CO2]
mmm Additional waste [kg CO2]

mmm Avoided Waste Management [kg CO2]

Table 42- Projects of drinking water dispensers- economic assessment

Municipality | Total | Costto | Costof | Costof | Savings | Savings | Cost Cost Total
cost of buy energy | water for for for for econom
the substit | consum | supply | citizens | avoidin | waste hand ic
project | utive | ptionof | [€/year] | for not | gthe | manage | washin | impact
[€] glass | dispens buying | waste | mentof | gglass
bottles ers disposa | manage | glass bottles
[€] [€/year] ble ment of | bottles | [€/year]
bottles | disposa | [€/year]
[€/year] ble
bottles
[€/year]
Municipality | 27.568, | 2.593 35,58 0,00 14.005, | 744 37,91 1.533,7 | 17.018,
A 54 93 8 65
Municipality | 26.919, | 21.270 | 291,90 0,00 | 114.904 |6.103 310,97 |12.583, -
Bl 21 48 09 59.632,
04
Municipality | 10.334, | 14.207 | 194,97 0,00 76.750, | 4.076 207,71 |8.404,9 -
B2 49 74 1 47.477,
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64

Municipality | 39.946, | 4.779 65,58 | 5.867,3 | 25.816, | 1.371 69,87 2.827,1 | 26.368,
C 84 8 45 4 11
Municipality | 29.150, | 2.628 36,07 0,00 14.197, | 754 38,42 1.554,7 | 18.456,
D 00 04 1 15
Municipality | 31.245, | 1.457 20,00 | 1.789,2 | 7.872,6 | 418 21,31 862,12 | 27.104,
E 06 3 1 29
Municipality | 54.900, | 10.840 | 148,76 0,00 58.561, | 3.110 158,49 |6.412,9 | 10.789,
F 00 18 9 07
Municipality | 5.606,9 | 1.089 14,94 | 1.604,3 | 5.882,7 | 312 15,92 644,22 | 2.780,2
G 8 9 8 1
Municipality | 25.498, | 3.532 48,47 | 4.336,2 | 19.079, | 1.013 51,64 2.089,3 | 15.462,
H 00 0 28 6 82
Municipality | 41.322, | 1.442 19,79 | 1.770,2 | 7.789,1 | 414 21,08 852,98 | 37.225,
| 40 5 0 55
Municipality | 31.598, | 4.855 66,62 | 7.152,7 | 26.226, | 1.393 70,98 2.872,0 | 18.995,
L 00 6 78 7 56
Municipality | 33.565, | 10.594 | 145,38 0,00 57.229, | 3.039 154,88 |6.267,1 -
M 54 81 9 9.542,5
3
Total 357.655 | 79.285 | 1.088,0 | 22.520, | 428.316 | 22.748 | 1.159,1 |46.904, | 57.548,
,06 6 21 ,19 8 55 19
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Figure 91- Economic impacts of the water dispensers in town projects in terms of costs and avoided cost
per year
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Table 43- Projects of drinking water dispensers in schools- environmental assessment

Municipality Days | Numbe | Number | Litresof | Number | Avoid Diffusion
of r of of water water of ed factor [%0]
analys | schools | dispens | delivered | avoided | waste-
is ers [litres/lyea | plastic only
r] bottles in | dispos
one year | able
bottles
[kalye
ar]
Municipality N 114 3 6 23.684,40 | 47.368 1.322 26
Municipality O 78 2 5 13.447,80 26.895 750 22
Total - 5 11 37.132 74.263 2.072 24

Table 44- Projects of drinking water dispensers in schools- environmental assessment, additional impacts

Additional Additional Additional Additional water Additional detergent
waste energy energy consumption for consumption for hand
[Kglyear] consumption | consumption hand washing washing [kg/year]
of water for hand [I/year]
dispensers washing
[Kwh/year] [Kwh/year]
45,239 223,14 416 17.136 34,272
(aluminium),
2,911 (SEBS),
2,911 (PP)

Table 45- Projects of drinking water dispensers in schools- CO2-eq impact assessment

Municipality Avoided | Additi | Additional | Additional Total
Waste onal energy water and | environment
Manage | waste | consumption | detergent al impact
ment [kg [kg s for hand | consumptio
CO2-eq] | CO2- | washing and | ns for hand
eq] of water washing
dispensers [kg CO2-
[kg CO2-eq] eq]
Municipality N -1970.93 | 120.55 169.67 148.62 -1532.10
Municipality O -1119.07 | 68.45 96.33 84.38 -869.90
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Figure 92- Environmental impacts of the water dispensers in schools’ projects in terms of avoided CO2
equivalent emissions per year

Table 46- Projects of drinking water dispensers in schools- economic assessment

Municipality Total Cost | Saving | Savin | Cost for | Cost for Total
cost of of sfor | gsfor | waste hand economi
the energy | citizen | avoidi | manage | washing | cimpact
project | consu | sfor ng ment of glass
[€] mptio not WM | aluminiu | bottles
nof | buying | of BW m [€/year]
dispen | dispos | [€/yea | bottles
Sers able r] [€/year]
[€/yea | bottles
r] [€/year
]
Municipality N | 21.000, | 13,24 | 7.105,2 | 364,77 8,99 13.721,8
169,02
60 0 7
Municipality O | 16.930, | 7,52 | 4.034,2 | 207,11 5,10 12.797,8
95,97
67 5 9
Total 37.931, | 20,75 | 11.139, | 571,88 | 14,09 26.519,7
27 45 264,98 7
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Figure 93- Economic impacts of the water dispensers in schools’ projects in terms of costs and avoided
costs per year

Table 47- Projects of replacement of disposable goods in school canteens - environmental assessment

Municipality | Num | Number of | Number | Number | Weight of Avoided

ber meals in | of plastic of disposable | waste- only
of one school plates plastic goods per disposable

schoo year [plate/da | glasses | capita[gra goods
Is y] [glass/da ms] [kglyears]

yl
Municipality P 5 63.418 2 0 30 1.903
Municipality Q 5 39.000 3 1 40 1.560
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Municipality R 2 12.600 2 1 416
Total 12 115.018 7 2 3.878
Table 48- Projects of replacement of disposable goods in school canteens - environmental assessment,
additional impacts
Additional waste | Additional Additional Additional | Additional detergent
[Kglyear] time for energy water consumption for
dishwashi | consumption | consumpti washing [kg/year]
ng [work for on for
hours/yea | dishwashers | dishwashe
r] [Kwh/year] rs [l/year]
1,38 (melamine), 5.505,5 9.359,35 99.480,15 335,0732
7,14 (ceramic),
1,208 (glass)
Table 49- Projects of disposable goods in school canteens- CO2-eq impact assessment
Municipality Avoided | Additi | Additiona | Additiona Total
Waste onal | energy | water environmental
Manage | waste | consumpt and impact
ment [kg [kg ions for | detergent
CO2-eq] | COo2- hand consumpt
eq] washing ions for
and of hand
water washing
dispenser | [kg CO2-
s [kg eq]
CO2-eq]
Municipality P -7260.22 | 91.73 2063.95 1146.05 -3958.48
Municipality Q -5953.06 | 32.86 1478.84 821.16 -3620.20
Municipality R -1586.72 | 14.40 347.21 192.79 -1032.32
Total -14800 139 3890 2160 -8611
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Environmental impacts of projects "Replacement of disposable goods in

Figure 94- Environmental impacts of the replacement of disposable goods in school canteens projects in
terms of avoided CO2 equivalent emissions per year

Table 50- Projects of disposable goods in school canteens- economic assessment

Municipali | Total Avoided | Avoided | Additional Cost for Total impact
ty cost of | cost for cost for WM cost | dishwashing
the the the WM for dishes/glasse
project | purchase of reusable s [€/year]
of disposable | dishes/glas
disposabl | tableware][ | ses [€/year]
e €/year]
tableware
[€/year]
Municipalit | 29.858, | 5.073,44 525,10 1,77 30.595,08 54.856,42
yP 10
Municipalit | 5.301,0 | 5.148,00 430,56 0,63 21.921,71 21.644,79
yQ 0
Municipalit | 22.100, | 1.159,20 114,76 0,28 5.146,84 25.973,15
yR 00
Total 57.259, | 11.380,64 | 1.070,42 2,68 57.663,63 102.474,36
10
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Figure 95- Economic impacts of the replacement of disposable goods in school canteens in terms of costs
and avoided costs per year

The assessment of social impact is based on scores, assigned by the authors.

As for the “health” indicator, it was decided to assign a score of +1 to all three types of projects,
as avoiding the purchase of plastic water bottles and plastic dishes and glasses provides for a
potential reduction in pollution, consequently improving the health of all the users.
Furthermore, as regards the water dispensers project, many Municipalities have published a
dossier to demonstrate how the product has been designed to guarantee the maximum health
level for the citizens.

Considering “safety” indicator, a score of +1 has been assigned to category 1 and 2, because
the managers of the water dispensers both in Municipalities and in schools show and publish
on their website the analyses that ensure and certificate high water quality, in order to maximize
security for all users. The quality of water in the Emilia-Romagna Region is compliant with
limits established by the Italian legislation.
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Table 51 reports a comparison of the water quality parameter limits set by the Italian law
(Ministerial Decree 31/2001) with the results of water analysis provided by the water urban
providers of the Emilia - Romagna municipalities.

It was decided to assign a score of 0 to the category 3, since safety does not change if reusable
plates and glasses are used instead of plastic ones.

As far as “responsible communication” is concerned, it was decided to assign the highest score
(+2) to all three project categories, because it is evident that the use of public water instead of
plastic bottles and the use of dishes and durable glasses instead of plastic ones support a more
sustainable lifestyle.

Given that the management and collection of sensitive data is not expected, a null score (0) of
this indicator was assigned to all three projects.

Considering “inclusiveness”, the highest score (+2) was assigned to the category 1, because
the installation of the water houses offers an essential good at a much lower cost (sometimes
even for free) compared to the purchase of bottled water. It was decided to assign a score of +1
to the category 2, because in this case the dispensers are not accessible by all citizens.

The educational evidence of the second and third categories contributes to the effectiveness of
these prevention projects. A score of +2 was assigned to the category 3, while a score of +1
was assigned to “Drinking water dispensers in schools”: the difference is due to the fact that
while every student is affected by the projects in the first category, the effectiveness of projects
in the second category depends on personal choices of students. A null score (0) was assigned
to the category 1 because its use does not significantly concern about the effectiveness or
comfort compared to other solutions.

Table 51- Comparison between Italian legislation and water characteristics in capital towns of Provinces
in the Emilia - Romagna, 2019. Source: authors’ elaboration based on Hera*®, lren®’

) | Ra | Reggi
Legisl | Bol | Fe Mo Pia o
) ) . | Cese Par ve |o0- Rimi
Parameter | Unit | ation |og | rra | Forli den cen o
o na ma nn | Emili | ni
limits | na |ra a za
a |a

- 6,5/ 74 (76 |78 7,6 73 |72 |76 |77 |75 7,6
9,5

% Hera, 2019. Water quality. Average by Municipality, 2019, second semester (Qualita del’acqua. Media per
comune - dati medi carta dei servizi, anno 2019, 11 semestre)
https://www.gruppohera.it/gruppo/attivita_servizi/business acqua/qualita/qualita_acqua_hera/qualita_media_co
muni/

57 Iren, 2019. Qualita dell'acqua Emilia-Romagna https://www.irenacqua.it/emilia-romagna
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https://www.gruppohera.it/gruppo/attivita_servizi/business_acqua/qualita/qualita_acqua_hera/qualita_media_comuni/
https://www.gruppohera.it/gruppo/attivita_servizi/business_acqua/qualita/qualita_acqua_hera/qualita_media_comuni/
https://www.irenacqua.it/emilia-romagna

Conductivit | uS/ | 2500 713 | 440 | 446 522 1173 | 566 | 523 | 544 | 728 574
y cm
Total mg/ | 1500 464 | 313 | 319 332 707 | 383 | 324|397 |473 394
dissolved L
solids at 180
°C
mgC | not 93 |51 |59 66 123 | 104 |63 |54 |128 73
Calcium alL |expect
ed
mgM | not 19 (11 |13 15 20 13 |30 |13 |15 16
Magnesium | g/L | expect
ed
Total °F 15-50 |32 |17 |20 22 39 31 |28 |19 |38 25
hardness
) mgN | 200 27 |19 |11 12 84 18 |9 27 |21 19
Sodium
allL
mgK | not 2 3 2 2 3 192 |10 |6 2 2
Potassium /L expect 4
ed
) mg/ | 250 37 |24 |14 16 139 |37 |15 |39 |34 17
Chloride .
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