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1. Introduction

The generation and management of waste are gaining increasing attention worldwide
as two main focuses of the environmental strategies and policies developed to date at the
European level [1]. Several regulations, such as the Waste Framework Directive [2], have
been applied over the years with the aim of pursuing environmental objectives, preventing
possible risks to human health and introducing numerous innovations in the classification
of waste, as well as in the options for their recovery or disposal. In this regard, affordable,
effective and truly sustainable waste management systems can make the difference and sig-
nificantly contribute to sustainable development [3]. It can help to mitigate the exploitation
of material and energy resources due to increasing globalisation and industrialisation [4].
To this end, there is an urgent need that waste management policies are elaborated to set
and promote integrated strategies for optimisation of waste recycling pathways starting
from separate-municipal collection. Landfill is highly impacting in terms of resource de-
pletion and environmental pollution, whilst recycling not only increases the efficiency of
resources but, also, reduces the environmental impacts associated with products’ life cy-
cles [5]. Hence, measures and actions should be taken to implement sustainable integrated
waste management systems that minimise the environmental impact associated with waste
management, and favour waste recovery and recycling [6,7].

Within this context, valorisation of waste through its conversion into value-added
materials is a key principle of the Circular Economy (CE) which is increasingly attracting
researchers, producers and decision- and policy-makers. The CE concept has become well
known and researched in recent years, mainly through the EU’s Action Plans that have been
released over the years up to the 2020 version [8], but its scientific foundations have been
known for quite a long time [9]. CE has been introduced as a valid alternative to a linear
economy concept, which has dominated for the last 150 years, as it promotes long-term
sustainability by maintaining products, components and materials at their highest level
of utility and value, whilst minimising resource exploitation and waste generation [10,11].
CE is seen, in fact, as a sustainable economic model where economic growth is decoupled
from material consumption through natural resource reduction and recirculation [12]. This
is based upon the principle that goods at the end of their life cycles, as well as the waste
generated during the manufacturing and use/maintenance of those goods, are reutilised
as zero-burden resources that go to feed recycling processes for production of secondary
raw materials [10,12].
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CE can be seen as a condition for sustainability, as it acts like a regenerative system
that minimises material and energy inputs, as well as emissions and waste, by slowing
and closing the resource loops [13,14]. It is, however, desirable that CE-oriented measures
are tested with the support of tools like Life Cycle Sustainability Assessment (LCSA) and
LCA already in the design phase, so that CE can be truly effective in making material and
energy commodities holistically sustainable in a life cycle perspective.

CE can be considered as an economic system which, through reduction, reuse, recycle
and recovery of materials in production and consumption systems, aims at accomplishing
sustainable development and, at the same time, environmental quality, economic prosperity
and social equity [15,16].

Under this perspective, CE is relevant for a huge number of sectors, and can contribute
to sustainable development pathways at the urban and rural context [17].

Waste streams are increasingly being used for production of material commodities
usable in a wide range of sectors—research is, therefore, needed to make innovations
and improvements that are based upon application of CE principles. For this purpose,
studies were developed—and many others are expected in the future—to address the
three dimensions of sustainability in the waste management field, and to support the
development of strategies, guidelines and policies that are oriented towards the creation
of holistically-sustainable CE models. There are, however, developments in the CE field
that may be not so advantageous for the environment as expected or are, at least, less
advantageous than others [18].

This results in the need and importance of selecting the CE scenarios that should be
prioritised and integrated into policies and measures oriented to climate change preven-
tion and environmental protection. For this purpose, scientists, producers, policy- and
decision-makers and other stakeholders need to be able to compare those actions to identify
the most environmentally and socio-economically sustainable [19]. In this regard, the
specialised literature documented LCSA to be a holistic methodology for the assessment
of the environmental, economic and social dimension of sustainability of CE scenarios
in a life cycle perspective [20,21]. LCSA is the complementary implementation of LCA,
Life Cycle Costing (LCC) and Social Life Cycle Assessment (SLCA) [20]. The LCSA con-
cept was introduced for the first time in 2007 by Finkbeiner [22], and later was recalled
and expanded by Klöpffer [23]. Its implementation in the waste sector is, however, not
so widespread, though it would be hugely beneficial for its sustainability enhancement.
By contrast, LCA has been extensively and successfully applied to assess the potential
environmental impacts of different waste management systems [24,25]. Thus, both LCA
and LCSA show great potential in being applied to test the extent to which circular models
of the economy are beneficial compared with the linear ones or to identify which is the
best circular economy strategy, among different alternatives, e.g., recycling or reuse. This
is achieved by addressing trade-offs both between life cycle stages and between different
sustainability dimensions [21]. However, there are challenges connected with the applica-
tion of LCA to waste management studies which are relevant in a CE context, such as the
modelling of recycling processes and substitutability of secondary materials [26,27].

Challenges increase, however, when it comes to application of the newest of those
LCA-based methodologies (i.e., SLCA), for the assessment of the social dimension of
sustainability of waste management systems. This is mainly because of the lack of quite
sensitive data needed for the social modelling. Such a limitation can be observed also in
this Special Issue, where most of the studies focus on the assessment of the environmental
dimension.

Under this perspective, the Special Issue (SI) was published in this journal to motivate
prominent researchers to explore the relevance of assessing—and possibly integrating—
those dimensions for the improvement and promotion of sustainable CE-based waste
management systems.
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2. Scope of This Special Issue

This SI was developed based upon the concern that sustainable waste management
under the CE perspective can contribute to the transition towards equitable, sustainable,
post fossil-carbon societies, as also highlighted by Ingrao et al. [28]. It is time for CE-based
societies where responsible and sustainable manners of managing waste are implemented
and pursued. A successful transition should be, however, envisioned, designed, tested
and implemented to ensure production, distribution and consumption of value-added
waste-derived commodities that respond to the three dimensions of sustainability, or to the
seventeen United Nations sustainable development goals [28,29].

In this context, this SI attempts to highlight the importance of academic research to
assess and stimulate holistically integrated sustainability of waste recovery systems in a CE
perspective. By doing so, the SI could serve as a platform for enhancement of knowledge
on emerging methods, practical implementations, state-of-the-art analyses, findings and
lessons learned in this research content area.

Finally, as the conclusive step of the SI development, this editorial was developed to
review and build upon the seven collected papers, to highlight their main objectives and
findings and, so, their contributions to CE research.

3. Overview of the Papers Included in This Special Issue

The SI attracted considerable interest and attention from the scientific community
worldwide with a total of seven papers published between 2019 and 2020. The papers were
submitted by seven authors from several countries worldwide, and were the result of the
joint work and commitment made by a total of 30 authors coming from Germany, Italy,
Malaysia and Colombia, and often belonging to institutions doing research in different but
complementary subjects. This highlights how research in this field is quite diversified and
complex and requires a multidisciplinary perspective.

In all contributions, the authors explored several relevant aspects connected with this
SI’s research theme, so enriching the current state-of-the-art in the field of sustainable waste
recovery systems for production of value-added commodities under a CE perspective.

Some of the sectors where CE can be beneficial for enhancement of their sustainability
performance were explored in this SI’s paper collection: post-use plastics end-of-life [11,30];
waste heat recovery [31]; waste management [32,33]; electrics and electronics [34]; and
olive oil [35].

Several methodologies and indicators were used for investigation of those sectors,
namely:

- Midpoint Life Cycle Assessment (LCA) focussed upon a single Environmental Indica-
tor (EI), as done by Spierling et al. [30];

- Midpoint LCA of multiple EIs [11];
- Endpoint LCA of multiple EIs extended to other relevant issues [31];
- Life-cycle multicriteria analysis as a decision support tool [32];
- Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis combined with

other environmental assessment methodologies [33];
- Questionnaire-based investigation [34];
- Questionnaire-based investigation combined with a SWOT analysis [35].

Therefore, it can be highlighted that there exists a remarkable heterogeneity in terms
of the methodologies and indicators that can be used for assessment and improvement of
holistically sustainable CE models.

The seven papers are reviewed in the following sections using a methodology-based
classification.

3.1. Midpoint LCA Considering a Single Environmental Indicator

In their study, Spierling et al. [30] carried out a comprehensive review of the current
status of end-of-life options for bio-based plastics using the Global Warming Potential
(GWP) as an environmental indicator. The review highlighted that a lot of attention is cur-
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rently given to Poly-lactic Acid (PLA), and all feasible end-of-life options are investigated
in the literature. Through the review, it was proven that mechanical recycling of post-use
PLA artefacts generates the highest GWP savings over the virgin counterpart amongst all
types of bio-plastics reviewed by the authors.

Plastics are a group of versatile polymeric materials [30] that are increasingly domi-
nating the market, as they lend themselves to application in a wide range of sectors—the
leader amongst them is packaging. In this sector, recently there has been an upsurge in the
interest for returnable packages from various industrial end-users like food and beverages,
consumer goods and several others [11]. The reuse of a product for the same initial purpose
can significantly contribute to meeting the CE feature of slowing the resource loop, thus
contributing to making products’ life cycles more sustainable [11]. The products’ reusability
principle can be highly beneficial for the packaging sector from both an economic and
environmental perspective, in regard to categories of reusable packages like pallets, crates,
bottles and several others [11]. This research content area was investigated by Tua et al. [11],
who carried out a multiple-issue environmental assessment; the paper is reviewed in the
next dedicated section.

3.2. Midpoint LCA Considering Multiple Environmental Indicators

In their article, Tua et al. [11] reported upon an LCA application experience to identify
the environmental hotspots associated with the life cycle of Reusable Plastic Crates (RPCs)
for the distribution of fruits and vegetables in Italy, considering the number of provided
deliveries, from 1 to 125. To that end, the authors carried out a full LCA that considered
a set of system representative midpoint EIs, complemented with the cumulative energy
demand and a tailor-made water consumption indicator. Attaining the proposed goal, the
authors documented that when RPCs are used for less than 20 deliveries, manufacturing
is the phase dominating the impacts associated with the crates’ life cycle. If the number
of deliveries performed increases, the contribution of RPC reconditioning increases, sub-
sequently covering 30–70% of the life cycle impacts for 125 deliveries. This should be
attributed to the increase in the transportation of the crates from the users to the plant, and
in the consumption of electricity, heat and washing water. Moreover, Tua et al. [11] nicely
proved that a minimum of three deliveries is required for the re-use system to perform
better than an alternative distribution system of fruits and vegetables, where single-use
plastic crates are sent to recycling and replaced with new ones.

3.3. Endpoint LCA of Multiple Environmental Indicators, Extended to Other Relevant Issues

Energy consumption is a key aspect in any industrial system, which is confirmed by
the fact that the industrial sector represents 35–40% of the global final energy use [36]. The
consumption of non-renewable energy is responsible for a set of environmental impacts
that mainly include the exploitation of fossil resources like coal, oil and natural gas, and
the emissions of greenhouse gases (GHGs) [31]. This puts emphasis upon the urgent need
to transition towards cleaner energy substitutes to protect the environment and support
sustainable development [31]. A key role in this sense could be played by systems based
upon the Organic Ranking Cycle (ORC) for waste heat recovery—this research content
area has been widely investigated in the literature [31]. In this context, Ochoa et al. [31]
integrated an ORC system into a 2 MW natural gas engine for electricity generation
through recovery of the engine’s exhaust heat. For this purpose, the authors carried out
a full endpoint LCA integrated with the assessment of exergetic and economic issues as
connected with the system investigated.

Through their study, the authors determined the design and operational variables that
most contributed to the relevant exergy, economic and environmental issues associated
with such an energy system, namely the evaporation pressure, the heat transfer area and
the turbine technology efficiency.
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3.4. Life-Cycle Multicriteria Analysis as a Decision Support Tool

Waste management is a complex process, especially under emergency conditions, and
requires proper handling—the sudden closure of a landfill, and the subsequent identifi-
cation of new waste disposal sites, can be one of those conditions. It can generate severe
environmental and health problems that need to be addressed and solved [32].

Under this perspective, Moreschi et al. [32] analysed the closure of a municipal solid
waste landfill in the territory of Genoa (Italy) to implement a Decision Support System
(DSS) that would improve waste management, especially when emergencies occurred. The
DSS was proven as useful and effective to perform different optimisations and system
analyses for improved waste management, starting from long-term planning to day-by-day
scheduling in case of emergency, relying only upon third parties’ waste disposal plants. In
this context, the tool was documented as enabling to achieve longstanding targets in terms
of total costs, emissions generated by waste transport and exploitation of a single plant
from a sustainability point of view [32].

The waste management investigation was narrowed to the maritime sector in the
study of Gallo et al. [33], which is reviewed in the next section, as it reports upon findings
from the combined application of SWOT analysis and the methodology developed by the
United Nations Framework Convention on Climate Change (UNFCCC).

3.5. SWOT Analysis Combined with Other Environmental Assessment Methodologies

Gallo et al. [33] investigated the type and amount of waste that is generated on average
by a typical cruise ship, with a 5000 people hosting capacity, a 300 m length, and a 100 kt
tonnage. The authors’ attention fell on this research field because such a ship is like a
small floating city that, depending upon logistical and management peculiarities, can
generate even huge amounts of highly diversified waste [33]. In their study, the authors
analysed a set of on-board waste management solutions in a CE perspective, based upon
their GHG reduction potential regardless of routes and ports of destinations. To that end,
Gallo et al. [33] applied the SWOT analysis to a set of waste management options for
the estimation of the related issues of GHG emissions, cost, environmental sustainability,
methodological coherence, feasibility and replicability, and determined the following ones
to be of particular interest—the thermos-chemical treatment of properly collected waste
oils and sludge for conversion into fuel oils, and the installation on board of a waste-to-
energy plant with energy recovery. Then, for those two options, the authors carried out a
complementary assessment of the GHG-emission reduction following their application,
using the UNFCCC methodologies—the study highlighted no particularly significant
reduction in that sense. According to Gallo et al. [33], this should be attributed to the lack of
GHG assessment methodologies that are calibrated not just for stationary waste treatment
plants—as are the UNFCCC methodologies—but also to take into account the peculiarities
and hotspots of plant design and management methods on board the ship.

3.6. Questionnaire-Based Investigation

Through their study, Gallo et al. [33] contributed to the understanding that strategies
are needed for creation of a sustainable CE, starting with taking initiatives in the manufac-
turing phase to reduce material usage and waste generation. Under this perspective, Ho
et al. [34] focalised attention upon the material efficiency strategy that—as they state—has
received limited attention with respect to strategies aimed at managing products’ end-
of-life. Material efficiency plays a central role for CE promotion by minimising resource
utilisation and by returning outdated products to the material chain through programs
like the “take-back”. Material efficiency strategies are, however, perceived differently by
different types of manufacturing companies [34,37]. Therefore, agreeing with Ho et al. [34],
this SI’s editors believe that the understanding of the material efficiency strategies adopted
by a specific company could help to find effective solutions for sustainable material usage.
As a matter of fact, Ho et al. [34] investigated the case of Malaysian companies working
in the field of Electrics and Electronics (E&E), and carried out a qualitative investiga-
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tion based upon semi-structured interviews to highlight the material efficiency strategies
adopted in such a manufacturing industry. Eleven strategies were determined by the
authors, with most of them being oriented to ameliorate the product design phase starting
from the material preparation and acquisition, with the final aim of meeting sustainable
development.

3.7. Questionnaire-Based Investigation Combined with a SWOT Analysis

In the area of making strategies, D’Adamo et al. [35] carried out a socioeconomic
assessment for identification of opportunities that enable CE development in the olive
sector. In particular, they applied a SWOT analysis integrated with a questionnaire-based
methodology, with the aim of gathering the perspectives of 500 consumers on the role of
family business and on whether the olive oil residue management can provide prospects
according to the CE principles. Three categories of consumers were involved for the
survey development—consumers of family-owned Olive Oil Mills (OOMs), which are, and
alternatively are not, also olive producers, and final olive oil consumers. The final aim of
this interesting combined assessment was to learn about the extent to which the involved
consumers’ insights can be informative of the strengths, weaknesses, opportunities and
threats of the investigated sector. Attention was on the olive oil sector because it is
characterised by the presence of family business, and so the authors thought it was worth
studying the existence of a “family business brand” effect on consumers’ perceptions [35].
In addition to this, the olive oil sector is characterised by a high level of competition, in
which large firms are involved in the crushing of olives coming from several regions, thus
optimising the processing time and the olive production costs. The result is that the olive
oil is marketed at a quite contained price, which attracts consumers to purchase it.

In this global context, Italian producers of extra-virgin olive oil, often consisting of
small local family businesses, struggle to be competitive, whilst keeping high their products’
quality. In this context, despite the global competition, three issues were found by D’Adamo
et al. [35] to be crucial for revitalising the sector and making it more competitive: (i) the
attention of consumers towards the natural resources, (ii) the sense of family associated
with olive oil’s life cycle and (iii) the strategic role played by family business OOMs giving
a great sense of trust.

Finally, the SWOT analysis documented that the application of CE principles enables
the conversion of the solid/liquid waste associated with the olive oil supply chain into zero-
burden resources. The latter are then utilised for production of value-added energy and
bio-based materials, giving the opportunity to the OOM owners to have additional income,
though the feasibility of recovery plants is highly affected by economies of scale [35].

4. Conclusions

The SI attained the aim of collecting selected relevant studies to address sustainability
issues associated with resource recovery from waste management in the CE. Under this
perspective, to the guest editors’ opinions, the SI further contributed to the awareness that
waste can be sustainably converted as zero-burden resources into valued-added material
and energy commodities.

Furthermore, the SI allowed the understanding that CE principles can be applied to a
wide range of sectors and topics, and that there are several scientifically based methodolo-
gies, including LCA, that can be used for assessing and improving the sustainability of CE
solutions in an integrated, holistic approach.

Those methodologies were confirmed by this SI’s articles to be quite effective in
scientifically assessing the effects that CE measures can have upon the systems which they
are applied to.

None of the reviewed papers applied LCSA, thereby confirming what was stated in
the introductory section of this editorial. In this regard, the guest editors wish that this
editorial’s findings will stimulate application of LCSA for the integrated overview of the
three dimensions of sustainability in the waste management field.
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All articles included in this SI were characterised by a clear discussion of the key
features and contributions of the studies, which were carried out with a focus on practical
applications beyond theoretical discussions. This made those articles even more effective
in advancing the knowledge on the subject, and confirmed that—to be reliable—any CE
assessment should start with the modelling of existing systems using specific data, so that
then it can be generalised, projected to the future and used as the starting point to develop
long-term best practices.

Spierling et al. [30] highlighted the importance of assessing the environmental profile
of different end-of-life options of bio-based plastics from the early design on, to contribute
to enabling sound CE models in such a widely used group of plastics. Tua et al. [11]
contributed to understanding that packaging reuse is, overall, an environmentally and
economically effective practice to maintain the value of products as long as possible,
in compliance with CE principles. Ochoa et al. [31] offered a systematic approach for
multi-objective optimisation of different ORC configurations using thermal, economic and
environmental criteria. Moreschi et al. [32] contributed to the currently available specialised
literature by defining a DSS that allows for the setting up of waste management strategies
under emergency conditions relying only upon third parties’ waste disposal plants. Gallo
et al. [33] used their study to put emphasis upon the need for development of method-
ologies that are specific for the environmental assessment of ship waste management
systems. Ho et al. [34] provided important information to support material efficiency as a
key strategy for CE promotion and, though being limited to the Malaysian context, could
be used as guidelines for similar types of study and be extended to other demographic
configurations. D’Adamo et al. [35] enabled understanding that family owned OOMs
have a greatly positive effect on trust and purchase intention of consumers. In the light
of this, there would be the need to further investigate the effect of CE principles to create
valuable synergies amongst OOMs, making it possible for the Italian high-quality olive oil
compartment to regain global competitiveness in sustainable manners.

Finally, the response to this SI can be considered to be particularly encouraging, as
it proves once again that academic communities keep on doing research on the relevant
aspects associated with the beneficial interaction between CE and sustainability in a wide
range of sectors, so making this SI a valid platform for knowledge advancement.
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