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Abstract. The growth of modern societies with their scientific, economic and social achievements was
made possible by the cheap availability of fossil fuels. Side effects of fossil energy resources were the
development of unsustainable production and consumption patterns, the degradation of natural capital, and
the release of airborne, waterborne and solid waste. Consumption and environmental loading are not only
related to fuels, but also to other material resources, such as minerals in general and rare earths in particular.
The increasing shortage of crucial resources affects and constrains important economic sectors (e.g.,
electronic sectors, renewable energies, food production), thus placing a limit on further development and
wellbeing. Concepts of sustainable economies and communities, with focus on the social dimension of
development and also on the ecological and economic aspects at the same time, are gaining the attention of
policy makers, managers, and investors, as well as local stakeholders (organisations, small and medium
enterprises, individual citizens) and encouraging new development and business models globally referred to
as the “circular economy”. The circular economy (CE) is a production and consumption system that is
restorative by intention and design. Although there has been a relative decoupling of economic growth from
resource use in recent decades, the gains made so far have been eaten up by a combination of economic
growth and the rebound effect. There are two questions: (i) why has it been so hard to move from theory
(most often from rhetoric) to practice and implementation, and (ii) how is it possible to promote an
innovative and effective CE strategy in urban systems where 60% of world population is concentrated. This
shift (design, networking, organisation, implementation, community planning) and related monitoring tools
constitute the skeleton of the transition that needs to occur within both urban systems and economies. The
point we make is that a society without waste is not only desirable, but also possible and necessary. We
cannot wait longer and we cannot just accept small adjustments, increased end-of-pipe technologies and the
usual interplay of promises and conflicts. The time for a massive and successful effort towards a radical
change of lifestyles and production/consumption patterns is now, where the term "waste" itself is considered
a symptom of societal illness, an indicator of immature economies, poor science and old-fashioned
technology.

1 Introduction

The global transition to the circular economy has just
started but the effects of the transition are limited so far
[1]. The linear model of production and consumption
thus still dominates in the global economy [2].

One of the most evident effects of the
unsustainability of the linear model [3] is the generation
of an enormous amount of waste worldwide [4]. Indeed,
the concept of waste is something new in natural cycles,
where normally the waste discarded becomes resources
for other users [2]. Conversely, human activities are
generating waste at a pace higher than the capacity of the
natural environment or production processes can reuse
them [5].

Recently the accumulation of mismanaged plastic
waste (MPW) has been of particular concern regarding
very fragile natural habitats such as oceans [6] where
every year millions of tonnes of plastic waste are
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dumped (about 8 million) [7]. This emphasises how
strongly the local and global scales are intertwined and
the importance of taking responsibility at the local level
while thinking at the global level [8, 9]. Most MPW is
actually transported via larger watersheds such as rivers
to the oceans [6].

Post-consumption waste is only the tip of an iceberg
that can be renamed the “wasteberg”, compared to the
amount of waste coming from upstream manufacturing
activities [10].

This highlights the need to redefine the approach to
waste management by taking an integrated and
preventive circular perspective [4], taking into account
upstream and downstream sources of generation for the
final goal of slowing the pace of production and
consumption activities and closing resource flows.

In this study we evaluate waste generation and
management in Italy, within the broader framework of
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the trends and practice of waste management performed
worldwide.

2 The transition from a linear, wasteful,

fossil-based society to resource
efficiency and circular economy
concepts

The growth of modern societies with their important
scientific, economic and social achievements was made
possible by the cheap availability of fossil fuels in the
last two centuries. Unfortunately, one of the
consequences of using fossil energy resources was the
development of unsustainable production and
consumption patterns based on large energy use, the
intensive degradation of natural capital, and the large
generation of airborne, waterborne and solid waste, most
of which is barely degradable. The load placed on
natural capital (clean air, fresh water, biodiversity,
topsoil, etc.) is the “new scarcity” problem faced by
modern societies, and adds to the commonly
acknowledged scarcity of energy, minerals and other
crucial commodities [11, 12]. Consumption and
environmental loading are related not only to fuels, but
also to other material resources, such as minerals in
general and rare earths in particular. The increasing
shortage of crucial resources affects and constrains
important economic sectors (e.g., the electronic sectors,
renewable energies, and food production), thus placing a
limit on further development and wellbeing. Concepts of
sustainable economies and communities, with a focus on
the social dimension of development and the ecological
and economic aspects at the same time, are gaining the
attention of policy makers, managers, investors and local
stakeholders  (organisations, small and medium
enterprises, individual citizens) in new development and
business models globally referred to as the “circular
economy” [13, 14]. The much-needed transition from
non-renewable to renewable energy and material
resources would be a significant step forwards towards a
more sustainable society and urban living: the circular
economy has the potential to become an important
framework within which such a transition is likely to
occur [15].

The need to establish new patterns of socio-economic
development has played, in recent years, a priority role
in local government agendas worldwide, with the main
objective to safeguard natural capital and environmental
services, which are also perceived as a real asset for the
benefit of future generations. Special attention has
recently been paid to sustainable urban communities by a
large number of scholars, agencies and NGOs in order to
develop the concept further and make demonstrated
good practices available for comparison and
implementation [16, 17, 18]. The concept of
sustainability plays a more important role than simply
limiting carbon emissions, or implementing solar
electricity, or even increasing waste recycling. It
includes all social, economic and environmental aspects
of urban communities: quality of life, wealth, jobs,
community services, and the sound relationship between

production and consumption activities and the
environment. In this context, it is of paramount
importance to note that most often “green is not
enough”, in that an apparently sustainable technology
outside the appropriate context or network may not be a
solution, and may instead add new problems to the
existing burden. Innovative patterns must be properly
assessed within the constraints and needs of a local
community under the diverse perceptions of stakeholders
[19, 20]. Suggestions for future steps towards production
patterns that emulate natural processes have been
developed by Pauli [21, 22] as a so-called “Blue
Economy” approach.

As commonly noted, the purpose of the Circular
Economy (CE) is to provide a better alternative to the
dominant model of economic development, the so-called
“take, make and dispose” model [23]. Its negative effects
are threatening the stability of economies and the
integrity of natural ecosystems that are essential for
humanity’s survival [24-32]. Many different studies have
been published about the content and development of CE
worldwide [17, 33-38]. A large number of these studies
concern the implementation of CE in China. China was
the first big economy in the world to develop circular
policies, making CE a fundamental pillar of its national
economic strategy [39, 40]. This country seems strongly
attracted by and committed to CE because of the huge
environmental, human health and social problems posed
by its very rapid and continuous pattern of economic
development [41-44]. The circular economy is seen in
China as a new development model that is expected to
lead to more sustainable development and a harmonious
society [45-47].

The CE is a production and consumption system that
is restorative by intention and design [15, 48]. Rather
than discarding products before their value is fully
utilised, we should use and re-use them. Presently only a
few percentage points of the original product’s value are
recovered after use. While there has been a relative
decoupling of economic growth from resource use in
recent decades, the gains made so far have been rapidly
eaten up by a combination of economic growth and the
so-called rebound effect (or Jevons paradox), where the
resources freed up by increased efficiency are used up
very quickly through increased consumption. This is
where the CE comes into play as a powerful concept.
The European Commission took important initiatives in
the area of resource efficiency in 2011-2014, with a first
Circular Economy Package [24, 25] further refined to
become an ambitious Circular Economy Action Plan [49,
50].

3 Waste Management worldwide

A recent report by The World Bank (2018) [51]
demonstrated that at the global level about 2.01 billion
tonnes of municipal solid waste (MSW) were produced
in 2016 (sum of all values in Figure 1), and the average
amount of waste generated per person per day was 0.74
kilogram. MSW generation per capita is strongly
correlated with national income. In high-income
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countries, MSW generation rates are stabilising or
slightly decreasing, possibly reflecting the probable
decoupling of waste from economic growth [52]. High
income countries, despite being 16% of the world’s
population, however, generate about 34% of the world’s
annual MSW, equal to 683 million tonnes [51].
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Fig. 1. Waste generation across regions in 2016. Source: The
World Bank, 2018 [51].

Waste management (WM) continues to improve at
the global level, through the observable and increasing
trend of recycling and composting [51]. Recycling
currently accounts for only 13.5% of the global disposal
of waste, however, as shown in Figure 2, where it can
also be seen that a large share is disposed of in landfill
(controlled landfill, landfill (unspecified) and sanitary
landfill) and open dumps (33%). Open dumps are almost
the only option in lower income countries, providing
93% of the total treatment in those countries. In upper-
middle-income countries, slightly more than the half of
waste is landfilled (54%). This share further reduces to
39% in high-income countries, where a large share is
also recycled (36%) and incinerated (22%). The latter is
mainly practiced in high-capacity, high-income, and
land-constrained countries [51] such as Japan [53, 54].

Data from the World Bank [51] also demonstrates
that there is a change in waste composition' in low-
income countries, due to the modification of
consumption patterns, that in turn depend on changes in
income levels. The organic waste share of total waste
composition has reduced over time, reaching 56%. The
organic fraction in low income countries has a greater
share in waste composition than in high income
countries and ranges between 20-40%. On the other side,
the share of recyclable fractions - such as plastic, paper,
cardboard, metal, and glass - accounts for 51% of total
waste composition in high income countries [51].

1 Waste composition refers to the components of the waste
stream as a percentage of the total mass generated.

The World Bank (2018) report [51] evaluates global
waste generation and management, grouping countries
into areas other than the conventional continents, on the
basis of factors such as income and economic structure
levels. The international literature, also provides data at
the individual country level in a given area (e.g. Ghana),
or in some cases for continents such as Africa [55, 56].
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Fig. 2. Share of the different waste management options in the
global treatment and disposal of waste (%).

3.1 Sub-Saharan Africa, Middle East and North
Africa

Figure 1 shows that the amount of waste generated in
these areas is low compared to the total MSW generated
annually at the world level [51]. In particular, for
African countries, several authors [55, 56] demonstrate
how waste management in Africa is a growing
environmental and health problem, given the increase in
waste generation and the inadequate MSW management
(MSWM) systems. The latter is unable to provide a
service proportional to the needs, due to institutional,
technical and financial barriers at national and local
government levels [55, 56]. Technical barriers involve
provision of the service, collection, treatment,
transportation, storage, and final disposal, as well as the
insufficient presence of infrastructure and land use
planning [55].

3.2 Sub-Saharan Africa, Middle East and North
Africa

India, China, Japan and Australia, among others, are
included in this area. However, these countries are
highly diversified in terms of income levels, waste
generation and management practices. MSWM is
dominated by landfilling in India and China (e.g., in
China 60% of MSW is still disposed of in landfills) [57],
although both countries are investing in MSW
management options other than landfill [58]. China’s
programme is most closely related to the circular
economy transition [40].

The ASEAN countries® are included in this area, of
which Indonesia, with 64 million tonnes/year, produces
the highest amount of MSW, followed by Thailand
(26.77 million/tonnes/year) [59]. In China and India, the

2 The association of Southeast Asian Nations includes
Indonesia, Malaysia, The Philippines, Singapore, Thailand,
Brunei, Darussalam, Cambodia, Laos, Myanmar and Vietnam.



E3S Web of Conferences 119, 00003 (2019)
Science and the Future 2

https://doi.org/10.1051/e3sconf/201911900003

most commonly adopted practices for waste
management are open dumping and open burning, even
if other practices such as composting and the anaerobic
digestion of organic waste, as well as the recovery of
plastic, metals and paper, are developing. Singapore is
reported to have a well-structured municipal MSWM,
even if the most commonly practiced management
option for waste is incineration [59].

3.3 Europe and Central Asia

European Union member states are included in this area,
together with the Russia Federation. The data available
from Eurostat for EU countries shows that in 2017 the
EU (28 countries) generated 248,653,000 tons of MSW?
which is an average per capita amount of 486 kg [61].
This was slightly higher than the average of 470 kg/per
capita in 1995 [62].

MSW management in European countries is now
more focused on prevention and recycling compared to
the past decades. Over the period 1995-2017 the amount
of MSW landfilled decreased by 60% while recycling
increased by 196% [63]. Landfilling is still widely
practiced in more than the 50% of EU countries,
however, as shown in Figure 3.

The scaling up of the waste hierarchy towards waste
prevention, preparing for reuse, recycling, recovery and
disposal is essential for better waste valorisation, as well
as reducing the pressures on the environment, creating
jobs and making the transition to the CE a reality in EU
[64, 65].
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Fig. 3. Waste treatment methods in Europe, 2016 (ISPRA,
2018 [66]; based on Eurostat data5). Translation of Italian
captions: Discarica= landfilling; Incenerimento = waste to
energy; Compostaggio e digestione anaerobica= composting
and anaerobic digestion; Riciclaggio= recycling).

3.4 North America

The Environmental Protection Agency (2018) [67]
reports that citizens of the USA generated an average of

3 Municipal waste consists of waste collected by or on behalf
of municipal authorities and disposed of through waste
management systems. Municipal waste consists mainly of
waste generated by households, although it also includes
similar waste from sources such as shops, offices and public
institutions [60].

741.7 kg per capita of MSW* in 2015, when the total
MSW produced in the USA was 262 million tons.

The WM approach in the US evolved over time from
one centred on landfilling towards an integrated and
holistic approach that considers waste as a resource.
Waste is managed according to a hierarchy that places
waste reduction at the source at the top of the preferred
strategies and landfilling as the less preferred option
[68]. Since 1980, the recycling and composting of MSW
increased, reaching a recycling and composting rate
equal to 34.7% in 2015. This contributed to reducing the
share of landfilled MSW, which was about 52.5% of the
total MSW generated in 2015. Of other treatment
options, 12.8% are combusted for energy recovery, and
34.7% of MSW are recycled (25.8%) and composted
(8.9%).

3.5 Latin America and Caribbean (LAC)

Similar to other emerging economies, this group of
countries is also experiencing increasing rates of waste
generation, particularly in cities where the population
has dramatically increased over time. In 2016, this area
generated 231 million tons of MSW [51]. This is
reported to be mainly disposed of in landfills, and
recycling as a treatment option comprises a very low
share (2%) of the total MSWM system, because this area
has not implemented a sorting collection system [69].
Lots of potentially valuable materials that could be
recycled end up in landfills and dumps, leaving space for
informal sorting activities by the poorer fractions of local
populations.

The literature also notes that uncontrolled open-air
dumps are used by a large fraction of the population in
some countries of the region (such as Belize) and
operational and  environmental problems  are
demonstrated as due to failures in the implemented
landfills (such as in Mexico and Columbia) [69].

3.6 The "wasteberg" in Italy

The "wasteberg" concept found quick and very broad
acceptance worldwide, in support of the idea of the
enormous amount of hidden waste behind the
comparatively small amount of municipal waste that we
see every day. Some estimates suggest that hidden waste
(the bottom of the wasteberg) makes up about 71 tons
per ton of municipal waste [70]. Whether the "71 times"
estimate is correct or not, even 30, 15 or 10 times would
be an unsustainable amount, spread all over the planet,
degrading the landscape and making life impossible or
very hard in many areas of the planet.

Even without going into the details of such an
estimate, we may note that the amount of municipal

* MSW consists of various material fractions that Americans
commonly throw away after being used. These include
packaging, food waste, grass clippings, sofas, tyres, computers
and refrigerators, the latter most often categorized as WEEE
(Waste Electric and Electronic Equipment). MSW does not
include industrial, hazardous, or construction waste [67].
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waste in Italy in 2016 was about 30 million tons,
compared with about 135 million tons of non-municipal
waste (all the other kinds of waste material are
associated with the industrial, agricultural, transport
sectors, to quote only the largest) [66]. Of these,
construction and demolition waste amounted to 55
million tons, and waste associated with waste collection,
treatment and disposal (waste generation to dispose of
the waste already generated!) was as much as 35 million
tons. Other categories of waste are collected outside the
usual daily garbage collection from households and
restaurants. Such an amount, 4.5 times the amount of
municipal waste, does not include all the abiotic, biotic,
eroded soil, water and atmospheric releases that are
indirectly associated with all mining and production
activities worldwide, over the entire LCA (Life Cycle
Assessment) supply chain. Therefore, municipal waste
is just the tip of the Italian wasteberg, and is estimated as
much smaller than the amount of degraded and polluted
water, land and rocks, soil, and emissions released - not
necessarily in Italy - in support of the Italian economy. It
is surprising that most environmental conflicts occur
around the small amount of waste we can see daily (the
location of a landfill, plans for an incinerator/waste-to-
energy plant, MBT, mechanical biological treatment
plants, etc.), while we are most often unaware of the size
of the bottom of the wasteberg. There is no need to say
that the transition to zero-waste, or at least reduced-
waste economies, is urgent, and can no longer be
delayed.

4 Progress is slow. Need to move from
rhetoric to action

More than forty years have passed since the launch of
“Limits to Growth”. Its key message was that a
combination of resource depletion and pollution, if un-
tackled, would ultimately — within the next hundred
years - take the global economy down. The message was
that Planet Earth is physically limited and relatively
small compared to rapidly increasing human activities.
Few reports have become so controversial and, not least
among economists, so heavily criticised. The main
criticism centred on the fact that the report was based
primarily on higher consumption trends, while not taking
technological development, substitution and price
adjustments sufficiently into account. The human
ecological footprint has continued to increase, anyway,
no matter how we like to measure it, due to the growing
population, growing welfare expectations and
achievements, improved exploitation technologies,
increased demand for construction minerals, biomass for
food and feed, and fossil energy carriers. These three
material groups account for 80% of total global material
extraction. Governments and businesses now seem to
understand that the basically linear systems of resource
use expose both societies and businesses to serious risks.
Resource constraints and the increasing volumes of
waste and pollution are likely to pose increasing threats
to welfare and wellbeing and, from a business point of
view, to competitiveness, profits and business continuity.

Industrial Symbiosis in the Danish town of
Kalundborg’, has been a reference case for eco-industrial
parks development for decades [71, 72]. In this town, the
appropriate management of an oil refinery/coal-fired
power plant and urban waste allowed huge savings of
energy, water (3 million m3/yr), and fuel oil (20,000
t/yr), a large decrease of SO2 emissions, the recovery of
ashes for nickel and vanadium extraction, and for cement
production, the delivery of hot water to smaller users and
to the city district heating system, among other benefits.
The Kalundborg Eco-Industrial Park was not initially
designed as such, however, but gradually evolved over
time when local players discovered that energy and
waste exchanges resulted in economic benefits for all
parties involved. If preventive planning comes into play,
much faster and more ambitious results can be expected.

The Ellen MacArthur Foundation in its first report
Towards a Circular Economy I) [13] mainly focused on
the business aspects of CE: “A circular economy is an
industrial system that is restorative by intention and
design. In a circular economy, products are designed for
ease of reuse, disassembly and remanufacturing — or
recycling — with the understanding that it is the reuse of
vast amounts of material reclaimed from end-of-life
products, rather than the extraction of new resources,
that is the foundation of economic growth. Moreover, the
circular economy 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 and innovative design of materials,
products, systems, and, within this, business models.” A
second study by the foundation, Towards the Circular
Economy 1II [73] suggests that the adoption of CE could
be worth as much as USD 700 billion in consumer
material savings alone. The study also highlights the
added benefits in terms of land productivity and potential
job creation.

There are two questions: (i) why has it been so hard
to move from theory to practice? and (ii) how can an
innovative and effective CE strategy be promoted in
urban systems where 60% of the world population is
concentrated? Special attention has been recently paid to
sustainable urban communities by a large number of
scholars, agencies and NGOs in order to further develop
the CE concept at the urban level, and make good
practices available for comparison and implementation
[15-17]. These studies and proposals for urban CE
favoured the introduction of institutional policies in
Europe and worldwide [74, 75], although they would
need practical implementation and clear roadmaps.
Given urban population trends, the transition to more
sustainable living should start from cities, or else it is
unlikely to happen. The real issue is that most theoretical
achievements have not yet been translated into broad
practical CE planning and implementation.

If the Circular Economy (CE) is to become the next
framework and business model, a breakthrough
innovation is needed that addresses the shift from a
linear production pattern (where waste and pollution are
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the rule) to complex networks (where waste from a
process is the raw input for another process and
emissions are minimised). Such complex patterns also
require complex and flexible technologies and complex
and comprehensive evaluation tools [76, 77], to
understand and properly address network, substrates,
technology and methodological complexities, and thus
develop a theoretical integrated framework and
operational model.

5 A circular economy within urban
systems

The development of a circular economy in cities,
provinces or regions involves the integration of four
subsystems: industry, infrastructure, the cultural
framework and the social and public service system [23,
37]. At the city or regional (provincial) levels, pollution
prevention becomes of paramount importance; this is
characterised by material and energy circulation and has,
as its ultimate objective, more sustainable social,
economic, and environmental development, including
optimum energy and resource use and the reduction of
waste discharge [35].

In urban centres the CE transition may require the
redesign of support infrastructure (transportation and
communication systems, water-recycling systems, clean
energy and electrical power lines, etc.) and industrial
structure, such as changing the size of companies, from
small to large as in Landskrona (Sweden) [78], when a
critical mass is needed, or vice versa depending on local
resources and infrastructure or the phasing-out of the
heavy polluting enterprises and the introduction of light
economic activities, such as high-tech industries,
tourism, culture, and so on [43]. The importance of the
construction and demolition sector should not be
disregarded at the urban level, with options to recover
and reuse concrete, iron, aluminium, glass, and copper,
among other valuable materials [79].

In China more than one hundred eco-city projects
have been developed [80]. Experience with European
eco-cities can also be found in Germany, Sweden and the
UK [81]. Beijing, Shanghai, Tianjin and Dalian have
developed in recent years eco-cities pilot projects for the
purpose of investigating the evolution of CE in terms of
efficient resource use (e.g., energy intensity per GDP
and water intensity per capita), municipal waste
production, and waste treatment and reclamation (the
rate of waste water treatment, rate of industrial solid
waste reuse) [82]. The results show important progress
from 2005 to 2010 in the four Chinese eco-cities
mentioned, with the highest reductions observed in
energy and water consumption indicators. The major
drivers of performance improvement have been
government intervention in the high pollutant and energy
consuming industrial sectors, by means of heavy
industry relocation, the introduction of regulations in
polluting sectors and the highest availability of energy
efficient technologies and equipment in the four eco-
cities, compared to other Chinese cities.

Ideally CE transition seems to imply the objective of
reducing waste generation to zero [24]. Some cities,
given their critical role in resource use [83], have
established zero waste programmes [84]. One of these
programs in Durban (South Africa), analysed by Matete
and Trois [85], has the potential to closely approach zero
waste implementation, even if full recycling is
impossible for all types of materials (e.g., paper).
Following the zero waste ideal, Zaman and Lehmann
[86] tested a Zero Waste Index (quantification of the
potential for virgin materials to be replaced by the waste
management city system) to overcome the limits of the
waste sorting rate (one of the most common indicators
used by municipalities to measure the current
performances of waste ~management systems),
introducing aspects of waste prevention. The zero waste
goal in cities is also included within the European Union
policy, as indicated by the 7th Environment Action
Program, with the aim of virtually eliminating landfilling
by 2020 [87], whereas the Landfill Directive,
1999/31/EC [88] only required EU Member States to
reduce the landfilling of biodegradable municipal waste
to less than 35% of the amount produced in 1995. Some
EU Member States (Austria, Belgium, Denmark,
Germany and Netherlands) have already achieved the
targets indicated by the EU Landfill Directive. The use
of different normative instruments (tax, bans, and
regulations) has contributed to the low landfilling rates,
particularly landfill taxes.

Three main typologies of matter and energy flows are
involved at the urban/metropolitan area level:

e primary material and energy resources (construction
materials, fuels, food, goods and commodities,
water, focus on waste prevention, minimisation of
input flows, non-renewable versus renewable
aspects);

e flows from one to another production sector that are
still  useful (reuse, planning, transferring,
exchanging);

e waste and residues from the production and
consumption sectors (recycling and recovery,
disposal).

The convergence of technical expertise, stakeholder
awareness, adequate business models, political will,
careful planning, and innovation capability are much
needed, and may constitute the skeleton for the
successful regeneration of very degraded areas and
living conditions.

The implementation of an urban circular economy,
the appropriate resource management, the shift to
providing services instead of products (e.g., good
mobility instead of cars), and the better image that such
improvements provide, are likely to attract new
companies and generate innovative businesses, thus
generating a new set of jobs over the logistic chain, that
replaces old, no longer sustainable jobs, while also
decreasing environmental impacts.
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5.1 Top-down and bottom-up integration. A
Community-oriented circular economy

All the primary production and consumption processes
in agriculture, agro-industrial, commercial, household
sectors (including waste management, reuse and
recycling), produce a large amount of organic and
inorganic waste and residues that create non-negligible
environmental burdens, processing expenses, and social
concerns. Disposal is never easy or cheap. In general,
local managers and administrators are only aware of one
or two options (landfilling, incineration), the
implementation of which translates into conflicts,
expenses, and the loss of valuable resources and
opportunities. In order to reverse such an unsustainable
situation, a network of compartments, actors, and
innovative activities must be identified, developed and
integrated, capable of processing each kind of substrate
into some kind of useful product. Each stakeholder
(individual, small or medium enterprise, municipal
agencies) has the potential to become a valuable
component of the network, to develop technology and
innovation, to help generate added value products and to
contribute to new jobs and income patterns. The network
economy that can be created around the circular
economy concept fulfils the European Union
programmes and Directives for waste reduction, waste
recycling, the greater use of renewable sources and the
decrease of CO: emissions. In particular, the concept
fulfils the EU Directive 2009/28/CE of the European
Parliament and of the Council of 23 April 2009 on the
promotion of the use of energy from renewable sources
(so-called 20-20-20 Directive).

The successful implementation of circular urban
systems requires the above and other recovery processes
be integrated into an organised whole. This preliminarily
calls for the involvement of stakeholders in a “visioning”
exercise. Without such involvement, there are few hopes
of achieving results, and resource management conflicts
may arise. In general, “people do not resist change,
people resist being changed” (Peter Senge®).
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Fig. 4. Participatory Roadmap diagram (modified from
Hornsby et al [19]).
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The inclusion of stakeholders has two features:

a) stakeholders see things that administrators and
scientists may not see, or disregard;

b) stakeholder involvement allows the search for
optimised solutions (optimum compromise)
towards the prevention of conflicts.

For this to happen, a roadmap for stakeholder
consultancy and participatory processes, must be
implemented, as designed in Figure 4.

6 A circular mosaic of success stories
and projects

How likely is the transition to circular economy in
different areas worldwide? Is it possible to identify
success stories that show appropriate resource
management through broad-minded planning ahead, and
wise recycling after use? The results from a selection of
investigated cases show that a mix of top-down and
bottom-up policies is potentially able to decrease
wasteful uses of resources by means of the appropriate
recovery of downstream matter and energy flows, thus
providing economic and environmental benefits.
Technological solutions may not be a sufficient tool for a
sustainable society, and much deeper lifestyle changes
are instead required, however, increasing circular
patterns and technologies, to be seen as the self-
organising tesserae of a mosaic of innovative and
participatory efforts, may allow sufficient transition time
to promote the required global shift towards sustainable
production and consumption patterns. In the following,
we list and describe a number of investigated solutions,
in order to show their potential contribution to
appropriate resource uses.

6.1 Urban mining

Urban waste management has been and still is among the
most controversial topics in resource use patterns. Many
proposals have been put forward for collection and
management, although the largest part of the more than 2
billion tons of waste annually generated worldwide is
currently still disposed of in landfills or incinerators
(even without energy generation). End-of-pipe solutions
are unlikely to be very helpful, if they are not
accompanied by prevention measures that promote
upstream waste reduction and less wasteful lifestyles
(e.g., no throw-away plastic tools, less plastic packaging
and containers). Appropriate technologies can also
become tesserae of the circular mosaic, however, at least
until preventive measures are enforced. The EU LIFE
MARSS (Material Advanced Recovery Sustainable
Systems) project [89], of which the authors of this paper
have been team members, addressed a technological way
to safely treat the unsorted urban waste and recover their
resource value, thus allowing a sufficient transition time
towards radical waste reduction. In fact, in many
countries worldwide, and in Europe as well, waste
collection and management systems are still based on
conventional methods, with more than 60% of urban
garbage still unsorted and treated in landfills and old-
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fashioned mechanical biological treatment (MBT) plants.
The separation of organic fraction and recyclable
fractions (plastic, glass and paper) is often made difficult
by reciprocal contamination due to inaccurate sorting.
During the MARSS project (2012-2015) we therefore
developed a technological module able to treat about 10
t/h, recover the fractions of ferrous and non-ferrous
metals, and to separate the biogenic fractions of MSW
(up to 50%) and convert it into a biomass feedstock for
renewable energy production in decentralised combined
heat and power units. On-field measures, life cycle
analyses, and an assessment of socio-economic impacts
confirmed the environmental and social feasibility of the
module as a transition solution in areas where advanced
circular designs are not yet implemented. The
implementation of the MARSS technology in a
demonstration case study suggested significant benefits,
including the reduction of harmful greenhouse gas
(GHG) emissions, reduction of the amount of biological
municipal waste going to landfill, the prevention of
losses of valuable metals and other materials suitable for
recycling, the local production of electricity and heat
from household waste, and increasing renewable energy
potential for urban communities, and the prevention of
soil and ground water contamination from landfill sites
[19, 20, 90-92]. While aware that burning organic matter
is always a loss of potentially valuable resources, and
something that should be prevented, the proposal stems
from the fact that more than 50% of waste worldwide
and in Europe is still landfilled or incinerated without
any useful outcome, and gives rise to dangerous and
uncontrolled emissions.

6.2 Waste cooking oil

Waste cooking oil (WCO) is a domestic waste generated
from households and restaurants, as the result of using
edible vegetable oil for cooking and frying. Its
inappropriate disposal may generate heavy pollution in
water bodies, while at the same time losing the resource
value of a still usable material. WCO as a biodiesel
feedstock has been identified as an alternative source of
fatty materials for the production of biofuels [93].
Diverting WCO from improper disposal extends the
product life cycle and helps prevent the contamination of
ground and surface water. WCO is most commonly
poured away in sanitary sinks and toilets, thus reaching
and damaging sewer systems and requiring more
expensive treatment to prevent pollution. The evaluation
of costs and benefits was performed in collaboration
with two local companies in the Campania Region (Papa
Ecologia Srl, active at the regional level in the collection
and treatment of waste cooking oil from restaurants and
food industries; and PROTEG SpA, active in the
treatment of the raw cooking oil to a purified oil). The
purified oil (usable as fuel in industrial boilers) can also
be converted to biodiesel and glycerine through trans-
methyl-esterification in a chemical plant (in our case, the
DP Lubrificanti, Lazio Region, Italy). Results from the
life cycle assessment (shown in Figure 5) indicate that
recycled cooking oil generates a biodiesel that is

characterised by a much lower environmental impact
than biodiesel from dedicated oil crops and fossil diesel.
Considering the large amounts of cooking oil used
annually in Italy and worldwide, its recovery and
conversion to usable resources has economic, social and
environmental advantages.
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Fig. 5. Normalised LCA impacts of biodiesel from WCO,
rapeseed and fossil diesel [93] (dimensionless units due to
LCA normalisation). Acronyms: Abiotic Depletion Potential
(ADP), Acidification Potential (AP), Eutrophication Potential
(EP), Global Warming Potential (GWP), Human Toxicity
Potential (HTP), Photochemical Oxidation Potential (POP).

6.3 Recovery of waste electric and electronic
equipment (WEEE)

Waste of electrical and electronic equipment (WEEE)
such as computers, televisions, refrigerators and mobile
phones (not to speak of the extremely large number of
smaller devices, e.g. switchers, light bulbs, etc.) is one of
the fastest growing waste streams in the EU, with some 9
million tons generated in 2005, and expected to grow to
more than 12 million tons by 2020 [94] Similarly, about
50 million tons of e-waste were generated worldwide in
2018, (WEEE Forum, 2019), 50% of which was
informatics equipment (computers, smartphones, TVs)
and the remaining fraction larger household appliances.
Unfortunately, only 20% of global e-waste is
recycled each year (WEEE Forum, 2019), translating
into 40 million tons that is landfilled, burned or illegally
traded or treated. There is no need to point out that such
a situation generates a loss of valuable resources on one
side, and on the other side huge damage to
environmental and human health. The percentage of
WEEE recycled in the EU is slightly higher, around the
35%, in spite of legislation issued in the EU and several
other countries worldwide for the appropriate collection
and recovery of electric and electronic equipment.
Research developed in our team into end-of-life of
informatics equipment and photovoltaic modules has
shown the huge advantage of reusing and recycling. We
developed the REBIT Project at Parthenope University,
Napoli, with a special focus on the reuse of still usable
informatics materials (after repair and regeneration) in
junior schools and social centres [95], thus creating local
computer laboratories for users characterised by less
sophisticated informatics needs. The results about the
recovery of informatics equipment [96]and photovoltaic
equipment [97, 98] suggested the advantage of material
recovery and related energy savings over the entire



E3S Web of Conferences 119, 00003 (2019)
Science and the Future 2

https://doi.org/10.1051/e3scont/201911900003

production and use chains of this equipment. For
example, Figure 6 shows the material composition of a
desktop computer.

Copper
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Glass Aluminum
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Fig. 6. Inventory of main primary materials within a desktop
PC [96].

Based on such components, the CO2 emissions for
the construction and five-year use of a desktop computer
(mass equal to 14 kg) from virgin materials and using
non-renewable electricity were estimated as 516 kg,
whereas assuming the use of recycled materials and
renewable electricity these emissions would decrease to
55 kg CO2 [96]. For a laptop computer (mass between 2-
3 kg) the CO2 emissions would be 285 kg reduced to 40
kg.

6.4 Electricity from animal biomass residues

Animal by-products from slaughterhouses are a special
kind of waste that may have significant risks for human
health, if not properly disposed of, due to its organic
nature. They are defined by European Directive
2002/1774/EC as entire bodies, or parts of animals or
products of animals, not intended for human
consumption. We have investigated the use of animal fat
from slaughter facilities and markets via the PROTEG
SpA Company.

Among the options available (the conversion of
edible parts into animal feed, conversion of non-edible
fat into fuel for electricity production, conversion into
biobased chemicals, mainly PHA,
polyhydroxyalkanoates), the company runs a 5 MW
electricity power plant fed by animal by-products from
all over the Campania Region. At present, about 65,000
tons of animal residues are treated per year, yielding
15,600 tons of animal fat, of which 8,500 tons are
converted to about 40 GWh/yr of electricity in a
company managed 5 MW cogeneration power plant.
LCA results (shown in Figure 7) confirm that electricity
from animal by-products has a much lower impact than
electricity from fossil fuels in the Italian national grid
[99, 100].
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Formation Potential (POFP).

Other uses have also been investigated [101, 102],
confirming the results presented in this paper, thus
showing that circular patterns able to recover the
resource value of residues and waste are rewarding and
decrease environmental impacts. This is not, of course, a
solution for other important aspects that could be raised
(e.g., intensive livestock farming, excessive carnivore
diets, population increase, etc.), which should also be
urgently addressed, however, it can be considered at
least one of the tesserae of the sustainability mosaic,
towards more socially radical or more technologically
advanced solutions.

6.5 Fuels and chemicals from biomass waste
and residues

Biomass has been considered a potential substrate for
biofuel production since the first signs of potential fossil
fuels depletion. The apparently successful bio-alcohol
program in Brazil in the 1980s, followed by bioethanol
plans from corn in the USA and Europe were gradually
replaced by increasing uncertainty about the real benefits
in terms of the output/input energy ratio [103-106]
leaving the stage free for other options, such as biofuels
from oil seed crops and residual lignocellulosic waste
and finally the more circular "biorefinery" concept, with
the multiple production of chemicals and energy [107-
110].

In spite of the many efforts invested in theoretical
and applied research, biofuel production has never
shown sufficiently strong results in terms of yield per
hectare and output/input energy ratio. Instead, the multi-
output production of fuels and chemicals from biomass
residues within a biorefinery framework - although not
yet fully investigated and implemented - promises a
much more interesting scenario for the replacement of
fossil fuels as feedstock for chemical industry and
energy production. From a technical point of view, a
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large fraction of industrial chemicals and materials from
fossil resources can already be replaced by their bio-
based counterparts, and more is being done by
biochemical companies, such as the Italian Novamont,
among others. Fossil-based chemistry is still dominant in
the market due to optimised production processes and
lower oil costs. The best approach to maximise the
valorisation of biomass is the processing of biological
feedstock in integrated biorefineries where both bio-
based chemicals and energy carriers can be produced,
similar to a traditional petroleum refinery. Figure 8
offers a potential integrated system of production and
conversion activities at the regional scale, where the
main products are sent directly to the market, while
residues or marginal products are converted through
biochemistry processes for energy, biochemicals and
biopolymers.

6.6 Urban wastewater circularity

Urban wastewater collected through the sewage system
towards treatment plants is at the same time a problem
(presence of pollutant and toxic elements; excess of
nutrients; presence of plastic materials) and a challenge
(energy and matter recovery; extraction of fertilisers).
Buonocore at al. [111] investigated bioenergy (electricity
and heat) production in Enkoping (Sweden) by applying
the SUMMA (Sustainability Multimethod Multiscale
Assessment) approach [112, 113] to the whole chain of
wastewater and biomass residue recovery.

The system integrates wastewater treatment, willow
farming, and a combined heat and power plant (CHP).
The willow cropping system benefits the biological
treatment of nutrient-rich municipal wastewater, leading

to a substantial increase in biomass yield, the reduced
use of chemical fertilisers, and the lower pollution of
groundwater. The CHP plant cogenerates electricity sold
to the Nord Pool market (including Sweden, Norway,
Denmark, and Finland) and heat is delivered by district
heating to almost all the buildings in the town of
Enkoping. A variety of other biomasses are used in the
CHP plant, including conventionally farmed willow,
residues from wood industries, agricultural waste, and
forest residues, thus generating a loop of biobased
energy  production,  industrial  activities  and
environmental protection practices. The results of the
study identified a large set of improvement options,
output/input energy ratios in the range 9-11, and
decreased emissions compared to business-as-usual
alternatives.

A similar study was performed by Buonocore et al.
[115] investigating the performance of a wastewater
treatment plant in Nocera Inferiore (province of Salerno,
Italy), serving 300,000 inhabitants (Figure 9). The results
identified a large energy demand due to process
electricity and large environmental impacts in the form
of human ecotoxicity (due to sludge landfilling) and
freshwater eutrophication (due to the high nitrogen
content of discharged water, although within legal
limits). The study identified interesting circular options,
via biogas production from anaerobic digestion of
sludge, digestate drying and gasification, the use of
discharged water for energy crop fertirrigation,
cogeneration of electricity and heat from biogas, syngas
and energy crops, and finally thee extraction of platform
chemicals from residual biomass through acid or
enzymatic hydrolysis.

Intended for direct consumption as such.
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6.7 Construction and demolition waste

As shown above for Italy, construction and demolition
is among the sectors that generate the largest amount of
abiotic waste in urban systems worldwide. The
widespread urbanisation process that took place in the
second half of the last century and is still ongoing,
leading to the growth of megacities and abandonment
of rural areas, generates as a side effect the need for
new building, maintenance and refurbishment over a
building’s life time, and finally the demolition, disposal
and recycling of end-of-life construction materials. The
same is true for urban roads. As a consequence,
disposal areas, transport processes and
recovery/recycling facilities are needed, to also prevent
additional mining and related landscape degradation.
Ghisellini et al. [48, 79] investigated the
environmental and economic costs and benefits of a

circular economy approach to construction and
demolition materials, with special focus on the
transition towards cleaner production in the

construction and demolition sector of China. These
authors identified the main barriers to the increased
circularity of construction and demolition materials and
a set of solutions proposed worldwide, summarised in
Table 1, showing once again that a huge problem could
be converted into a resource, from the "urban mining"
perspective mentioned above, provided appropriate
investments, planning and regulations.

7 Innovative normative, economic and
supporting tools

A number of new policy measures should be
considered: a more proactive use of public
procurement, earmarking investments in favour of
resource efficiency within the EU’s different funding
schemes, the adoption of resource efficiency targets for
materials where scarcity is looming or the overall
environmental impact of resource extraction and use is
significant, and the promotion of new business models
geared at functional sales. Table 1 shows barriers and
potential solutions to circular economy patterns in the
urban construction and demolition sector [48, 79].

Table 1. Circular economy patterns in the urban

construction and demolition sector.

Sector Description of | Potential solutions
barriers

Economic High prices of | Improve information
recycled about the classification of
concrete recycled products [116].
products and Introduce taxes on the use
lower of primary raw materials
acceptance of [119] coupled with an
these products | increase in the landfill tax
[116] [120];

High areform of VAT to
availability and | exclude products made
low cost of with secondary materials
virgin raw [119].

materials [117,

118]

Political Ineffective Adoption of a political
policies system designed for
guiding guiding and enforcing
C&DWM: lack | C&DWM (definition of
of specific the operability and
regulations, responsibility of waste
norms and activities in the supply
standards for chain, including on-site
C&DWM sorting, reuse, recycling,
[121]. and disposal of C&DW)

[121].

Legislative The normative | Adoption of legislative
system guiding | tools better suited for
C&DWM is companies of all sizes,
not suitable for | based on an ex-ante and
companies of ex-post (feedback
all sizes (costly | mechanism) evaluation of
legal the proposed tools [ 2].
framework)

[122].

Informative | Lack of Development of
preference for information about the
recycled quality and functionality
products by of recycled products
designers [124].

[124]; negative | Adoption of a suitable

perception of classification of recycled

clients towards | products and certification

recycled schemes, based on the

products. traceability of the
recycled products
throughout their life cycle
[118].

Managerial Ineffective Focus on a preventive
C&DW approach and circular
management design in construction
and continuous | industry [125]; financial
increase of viability of the adoption
C&DW [125]. of preventive solutions;

legislative support for the
design stage [125].
Development of
knowledge on effective
waste management
options [125]; Analysis of
costs and benefits of
preventive measures in
design [125].
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A focus on funding schemes is necessary. In times
of scarce public national or local resources and of
economic turmoil worldwide, it is not easy to think that
an innovative proposal with a high risk of failure can
be funded and supported through conventional
supporting tools (public money, banking loans and
derivatives, private investors). Instead, new funding
schemes must be explored, including local cooperative
efforts, participatory and shared ownership, diversion
of funding from big centralised treatment plants,
crowdfunding.

After the first results achieved through innovative
schemes become visible, conventional investors will
probably reconsider their choices, on the basis of the
economic profitability of the innovative solutions. A
communication campaign about the transition while it
is in progress might also be very helpful.

Rethinking taxation schemes could provide support
for the CE. Moving away from taxes on labour or
income to taxes on the wasteful use of resources might
provide an incredible push towards circular economy
patterns. Previous typologies of taxes on CO2
emissions or other kinds of emissions did not work due
to their low rate of implementation, which did not
encourage transition. If labour and income taxes were
decreased by a large fraction, this would allow a
parallel increase of taxation on the consumption of
non-renewable resources in the form of materials and
fossil fuels. Such a tax shift would accelerate the
transition to a circular economy, which is low-carbon
and resource-efficient in nature. Such taxation would
be much more effective if it were able to address the
content and the amount of recycled materials within a
new product. Bimonte and Ulgiati [126] suggested an
emergy’-based taxation scheme to replace at least a
fraction of income and labour taxes and focus on the
wasteful “disposable” use of resources, measured by
means of the emergy (environmental cost) approach.
Barnes [127] also suggested a shift from income
taxation to natural capital protection-oriented models,
through a system of “Common Trusts”, a market-based
legal entity with the power of limiting the use of scarce
resources, charging rents and paying dividends based
on wise use of resources.

Wijkman and Skanberg [14] proposed changes to
the system of VAT - value added tax. According to
these authors, goods produced from secondary
materials — where VAT has already been paid once —
should be exempted from VAT. Such a reform would
promote the use of secondary materials — reuse and
recycling — and help correct a situation where it is often

7 The Emergy Accounting (spelled with an m) is an
assessment method of the environmental value of resources
based on the time needed for their generation by the
biosphere driving forces. It converts all the energy and
material input flows that contributed to a resource generation
over time into solar equivalent units, so that the total amount
of Unit Emergy Values thus calculated provides a measure of
the biosphere work invested. The higher this value, the higher
the quality of a resource, in that its replacement would
require a large space-time biosphere activity [128, 129].
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less expensive to use virgin materials than recycled
ones.

The definition of a new standard with which to
certify the quality and environmental management of
reuse (circular) operators is also crucial in order to
promote new jobs within a circular framework (also to
replace potential jobs losses in linear production
processes). In a situation where reuse and recycling
become more widespread activities, it is also important
to have or acquire the expertise to identify the best
reuse or recycling or conversion options, the necessary
technology, and the potential advantages and costs.
“Circular” operators have to be able to face the
organisational (where and how), bureaucratic
(certification, permits) and quality aspects of the
recovery and exchange of material and energy flows.

This requires the implementation of appropriate
training by interested  organisations (city
administrations, accreditation bodies, industrial

associations, environmental NGOs), in order for the
advantages of material and energy recovery and a
decrease in environmental load to be real, quantified
and publicly recognised. The professional expertise
needed or acquired must be recognised as a public
benefit, and adequately supported.

The recently developed ACCREDIA certification
“Remade in Italy”®, which guarantees the content of
recycled material used by Italian companies in the
realisation of their products, and the traceability of the
production itself, might be considered an example of
new certification schemes to be developed and applied
to good circular economy practices at an urban level.
The ISO 50001 Energy Management System and the
ISO 26000 on the Social Responsibility of a Business
Organisation are clear examples of target-oriented
standards. A circular economy standard for companies
and operators has yet to be developed and would be a
very important addition to the normative body of zero-
waste and eco-efficiency activities at local and regional
levels.

8 Conclusions

It is no longer possible to disregard the importance of
appropriate resource use, from many different points of
view. Resource depletion (be it fossil fuels, strategic
minerals, fresh water and fertile soil) exposes the world
economy to huge risks of instability and collapse, and
calls for urgent measures to recover resource value
through preventive design and recycling. Excess
resource depletion is pushing economies towards the
exploitation of mineral and fossil reservoirs previously
disregarded because they were less profitable. This is
likely to affect environmentally protected areas which
may become new mines, new landfills or new cropped
areas to replace those already polluted. Implementing
circular patterns of preventive design, recovery and
recycling is not only urgent, but also possible. It is
unlikely that top-down directives can solve the

8 https://www.remadeinitaly.it/about-us
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problems, nor can we wait until the problems are
solved by new technologies, if any. A mix of
participatory strategies, interacting bottom-up and top-
down actions, innovative technologies and locally
creative projects could be the basis for a roadmap
towards wellbeing through environmental care and
appropriate resource use and sharing. We have shown
in this paper that a circular mosaic of options and
locally implemented projects, if adequately interacting
and promoted by administrators, businesses and
citizens, have the potential to address and gradually
solve energy, material resources, water and
environmental problems, towards increased wellbeing
for humanity and nature.
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